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Preface -

This book came into being following decisions by the governing bodies of those pro-
fessional associations most closely concerned with the medical and scientific assess-
ment of hearing loss, and its effect on the individual. The Inter-Society Working
Group on Hearing Disabitity, which was formed from the nominees of the four rele-
vant Societies or Associations, has met on 25 occasions, and over a period of 5 years
the work has taken shape. From the start it was decided that any recommendations
should be based on known scientific darta. This has necessitated a major search
through the literature, and the comparison and assessment of data available. This
revealed inadequacies in the then current literature, which led the Working Group to
undertake new scientific work. As a result, several original or review papers have
been published or accepted for publication.

Although it was the original intention to prepare a report, with recommendations,
for submission to each of the four professional associations, it became evident with

authors, rather than as an anonymous report. Although the original sponsors have
requested the report, what follows in the completed work is the responsibility of its
authors. We hope that it will be endorsed by the professional associations.

There are also practical reasons for the authors assuming responsibility for the
work. No-one would claim perfection in any task undertaken by humankind, but
what is presented to the reader is the result of much work and considerable discus-
sion.- Circulation of the Report for comment and arriving at a consensus before pub-
lication would surely have led to delay, and might cast what has been done into
desuetude.

It should be emphasized that the Report is the joint work of the authors, though
different members, singly or together, have had the task of drafting different chap-
ters: it has been our aim 10 write a composite account, and this is not a collection of
individual papers. .

It is hoped that the readers and users of this work will be helped by its contents.
Doubtless, time and practice will indicate faults and errors, but these should not
detract from the main thrust of the recommendations which are made,

P. F. King
Chairman

* In addition to the authors, Professor R, Hincheliffe was a member of the Working Group, repre-
senting the British Association of Audiological Physicians, until his retirement in 1991. During his
period of membership he contributed much useful advice and constructive criticism.
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Chapter 1
Introduction

1.1  Historical background and terms of reference

In 1981, a member of the British Association of Otolaryngologists (BAOL) wrote to
the Council of the BAOL pointing out the multiplicity of, and conflict between, the
various published recommendations on assessment of hearing disability for compen-
sation purposes. He asked BAOL if it could give some authoritative guidance on this.
A working party was set up to consider the matter and the British Society of Audio-
logy (BSA) was invited to participate and nominate one or two representatives. The
resulting working party (BEKing and R.R.A.Coles from BAOL, and WBurns from BSA)
published its report, commonly referred to as the ‘Blue Book’ (Anon, 1983). It was
well received by some, but with misgivings as to its content, rationale or representa-
tiveness by others.

Accordingly, in 1985, with new research data available from D.W. Robinson and
colleagues at the Institute of Sound and Vibration Research of the University of
Southampton, and from the Medical Research Council Institute of Hearing Research
in its multi-centre epidemiological studies, the Council of BAOL decided to initiate
the setting up of a further working party to examine the new evidence with a view to
reconsidering the joint BAOL/BSA recommendations. In doing so, it decided it would
be helpful to widen the representativeness of the working party and accordingly
invited the British Association of Audiological Physicians (BAAF) and the British Asso-
ciation of Audiological Scientists (BAAS) to participate and each to nominate a repre-
sentative. After discussion between these various organizations Air Vice-Marshal BE
King, CB, OBE was asked to chair the new working group.

The first meeting of the working group was held on 25 June 1986. That meeting
agreed the following:

(] That a detailed review was desirable and timely.
(i) That the working group would be called the Inter-Society Working Group on
Hearing Disability

@iii)  That its terms of reference would be:

To establish the need for and to propose a method for the quantification of hearing
disability resulting from hearing impairment for the purposes of description and com-
pensation, with particular reference to noise-induced hearing deficit, and to report.
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These terms of reference were subsequently accepted by the parent organizations.

The Inter-Society Working Group on Hearing Disability held 25 meetings in the
period 1986 to 1991, in the course of which a thorough examination was made of
the many aspects of the quantification of hearing disability. The material that follows
comprises the report and recommendations of the Working Group.

1.2 Scope of Report

This Report proposes a method for the quantification of hearing disability* resulting
from hearing impairment®* for the purposes of description and compensation, with
particular reference to noise-induced hearing deficit. The scientific and technical
background to assessment of hearing disability is reviewed. Methods of measurement
of hearing impairment for the purposes of medicolegal disability assessment are
defined and guidance is given regarding problems associated with such measure-
ments. Means of allowing for coexisting impairments, primarily due to ageing and
conductive hearing loss, are described. Formulae and tabulations are given for con-
verting measures of impairment into estimates of percentage disability. Rules for
apportioning disability between two or more exposures to damaging noise are
described and the issue of prognosis of future disability is addressed. Various worked
examples are given in Appendix A. Recommendations are summarized at the end of
the chapter in which they occur, and also at the end of the Report.

1.3  Rationale and philosophy

Ideally, hearing disability assessment should provide an accurate quantitative assess-
ment of the actual disability experienced by the individual, appropriately weighted
according to the way he uses his auditory faculties and the extent to which difficulties
in hearing interfere with those activities. This is unattainable by strict scientific
method and the proposals described in this Report deliberately do not attempt to
tailor disability assessments to individuals: individuals vary widely. The report focuses
-on the typical (median) persont and attempts to provide an assessment which would
apply to that notional individual. The consequence of this is that assessments will
carry an element of ‘rough justice’; a person who is genuinely more disabled than
would typically occur for a given hearing impairment will be assessed too conserva-
tively, whereas a person who is genuinely less disabled than would typically occur
will be assessed too generously. This has been accepted because, at the present time,
there exists no method of measuring disability directly in the individual which is face-
valid, acceptably accurate and adequately representative.

The decision to focus on the median person was mainly a consequence of three
fundamental decisions at the root of this Report. The first of those decisions was to
base the recommendations primarily on scientific data: much of previous recommen-
dations has been based on opinions, even though these were from experts in the rel-
evant fields. We were able to do this principally because a large amount of data con-
cerning hearing impairment and hearing disability has become available from the

* These terms are used with special meanings defined in Chapter 2.

1 In this context *‘median person’ refers to one whose reponses on the various measures specified
in the Report correspond to the 50th percentiles of the distributions of these measures In the
(notional) population of persons having similar descriptions and history.
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National Study of Hearing conducted by the Medical Research Council Institute of
Hearing Research during the early 1980s. The second decision was to base assess-
ment of hearing disability on measurement of hearing impairment (see definitions in
Chapter 2), given the relative precision and verifiability of the latter. Thus, a relation-
ship between disability and impairment was required based on measurements in
order to convert impairment measures (pure-tone hearing threshold levels) into dis-
ability estimates. Because of the large element of measurement uncertainty inherent
in most general measures of disability, it was necessary to extract the central tenden-
cy from rather large groups of subjects to arrive at reliable estimates of disability for
the typical individual; this entailed concentrating on median data rather than on
other percentiles of the distributions of scores, which tend to combine true disper-
sion with measurement uncertainty. The third decision was to use selfreports of dis-
ability, rather than disability measured in terms of performance on certain specific
auditory tasks, such as speech identification in noise. The former has the major
advantage for our purposes of face-validity, bur has a disadvantage in terms of greater
measurement uncertainty. This reinforced the need to concentrate only on median
values.

A further advantage of self-reported disability for our purposes was that we were
able to use a set of quantitative selfratings of hearing in which large numbers of sub-
jects had rated their hearing ability on a scale from 100, meaning normal for a young
person, to 0, meaning totally deaf. This lends itself naturally to a disability scale mea-
sured in percentage terms, which was a principal requirement of the assessment
scheme.

When the assessment scheme is used to quantify the disability arising out of a cer-
tain cause, such as exposure to noise or injury to the ears, the concept of the median
person is invoked in another way. In general it is not possible to know what the hear-
ing status of the individual would have been if the cause of the hearing impairment
had not occurred. This is particularly so for gradual impairments such as those aris-
ing out of occupational noise exposure over long periods. Hence the individual
being assessed must be compared with a notional individual of the same age and sex,
but without the cause of hearing impairment. This requires baseline data for subjects
representative of the general population, but without the cause of hearing impair-
ment in question. Usually this amounts to a2 database for subjects with no known
cause of bearing impairment other than normal ageing. Once again, there is an ele-
ment of ‘rough justice’. The individual being assessed may have had particularly
good hearing before exposure to the cause of impairment and, although the status of
his hearing without exposure is unknowable, it might be expected to have been bet-
ter than the median. By the same argument, an individual who had poor hearing
before exposure or who was more than averagely susceptible to the ageing process
might be expected to have worse hearing than the median person even if he had not
been exposed. For these reasons, it is possible that a person who is genuinely dam-
aged by exposure to a particular cause of hearing impairment may still retain better
hearing than the median person of the same age and sex and thus be deemed to have
no resultant disability. For complementary reasons, it is also possible for a person
who sustains only slight damage due to exposure to be deemed to have a substantial
resultant disability. These limitations, which are common to most assessment
schemes, should be borne in mind when dealing with individuals. They have been
deliberately accepted in order to achieve a relatively simple and workable system of
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assessment. The recommendations can only deal with the general case: exceptional
cases must be argued on their own merits.

The final major element in the rationale of the assessment scheme is that differ-
ences between the (exposed) individual being assessed and the notional (non-
exposed) median person are computed in the domain of disability rather than
impairment. Thus, in order to calculate the attributable disability, first the measured
impairment of the individual concerned is converted to a disability estimate. A corres-
ponding conversion is then made for a notional person, or ‘control’. The control has
the median hearing impairment expected in a person of the same age and sex, plus
any additional components of hearing impairment from non-attributable causes that
have been measured in the individual concerned. The attributable disability of the
individual is the difference between these two estimates.

Summary of chapter recommendations

] Assessment should focus on the disability expected in the typical (median)
person for a given degree of impairment.

] Indirect assessment of disability via a (verifiable) audiometric surrogate is
necessary in the absence of any satisfactory method of direct assessment.

e ' Allowance for age-associated hearing loss should correspond to the impair-

ment expected in the typical (median) person of the same age and sex
(notional control subject) as the claimant.

. In making such allowance, by comparing the claimant with the notional con-
trol subject, differences should be computed in the domain of disability.
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Chapter 2
Definitions particular to
this report

Terms used in this Report are mostly based on general usage or definitions by author-
ities such as the World Health Organization (WHO), British Standards Institution
(BSI), International Electrotechnical Commission (IEC) or International Organization
for Standardization (SO). The Glossary towards the end of the book contains various
terms used. However, in preparing the Report, it was found to be necessary to coin
certain new terms, or to expand, restrict or qualify existing definitions. The following
definitions are particular to this Report.

air-bone gap

For the purposes of this Report, an air-bone gap is taken to be the average over the
frequencies of 1, 2 and 3 kHz and applies to measurements obtained using the meth-
ods of audiometry specified in this Report. (See also Glossary.)

apportionment
In this Report, apportionment is deemed to be in the disability domain. (See also the
Glossary)

attributable hearing disability

The hearing disability attributed to the alleged injury or disease and to any other
injury or disease of like nature; for example, attributed to two or more periods of
noise exposure or between two or more separate head injuries.

binaural faculty loss

The loss of the advantages conferred by binaural hearing, the advantages being equiv-
alent to improvements in signal-to-noise ratio, and which deteriorate with increasing
asymmetry of hearing. One component arises out of the head shadow effect; another
arises out of the binaural squelch effect sometimes referred to as the ‘cocktail party
effect’.

binaural sensitivity loss

A loss of sensitivity for free-field sounds under binaural listening conditions which
increases with increasing asymmeury of hearing. In the extreme case of asymmetry
occurring when one ear is normal and the other is totally deaf, binaural listening is
the same as monaural listening. The difference in loudness between binaural and
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monaural listening conditions for a person with two normal ears is equivalent to
approximately 10 dB.

constitutional hearing disability*
Hearing disability arising out of constitutional hearing impairment (sec below).

constitutional hearing impairment

Hearing impairment due to disease, degeneration or other process that is not con-
nected with the alleged injury or disease leading to the claim for compensation, or
any similar injury or disease. This will usually comprise age-associated hearing loss
and any conductive hearing loss present, but for the purposes of this Report it could
also include other incidental forms of injury: an example is a total unilateral hearing
loss due to previous head injury which would be discounted in a case of alleged
noise-induced hearing loss in the other ear.

genuine hearing threshold level
A hearing threshold level that is not spurious (see below).

hearing disability
Restriction or lack, resulting from a hearing impairment, of ability to perceive every-
day sounds in the manner that is considered normal for healthy young people.

hearing handicap

A disadvantage for a given individual, resulting from a hearing impairment or hearing
disability, that limits or prevents the fulfilment of a role that is normal (depending on
age, sex and social or cultural factors) for that individual. Being a psychosocial con-
cept, it is not capable of direct measurement and cannot be inferred completely from
the disability assessment. For the purposes of this Report, therefore, measures of hear-
ing disability are used in preference to measures of handicap.

hearing impairment

Abnormality of function of the hearing system. There are many forms of hearing
impairment that could be measured; these lie in the intensity, time and frequency
domains and include non-linearities. The relationships of many of these to disability
are largely unknown and none has been shown to be superior to pure-tone sensitivi-
ty for estimating disability. Therefore, for the purposes of this Report, hearing impair-
ment is quantified solely in terms of pure-tone hearing threshold levels.

noise-induced hearing disability

Hearing disability arising out of a noise-induced hearing loss. For the purposes of
this Report, noise-induced disability is defined as the difference in disability estimat-
ed from the overall hearing thresholds of the noise-exposed individual and the dis-
ability estimated from the thresholds expected in the median person of the same age
and sex not exposed to noise together with any other constitutional hearing impair-
ment. Negative noise-induced disabilities are deemed to be zero.

* These definitions apply only for the purposes of this Report. The same terms are used with a dif
ferent meaning elsewhere. .




Definitions particular to this report 7

prognosis*

Prediction of disability generally, or at a specified time, usually under the assumption
that there will be no further cause of hearing impairment other than normal ageing.
The prediction depends on a model of how pre-existing impairment and age-associ-

ated hearing loss summate. There has been no generally accepted model up to the
present time.

spurious hearing threshold level

A hearing threshold, measured or reported, that does not reflect the intrinsic sensitiv-
ity of the ear in question. It is usually in the direction of a greater apparent hearing
loss than the genuine hearing threshold level.

* These definitlons apply only for the purposes of this Report. The same terms are used with a dif:
ferent meaning elsewhere,
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Chapter 3
Technical background

3.1 General

In order to fulfil the aims of this study, a thorough examination was made of the sci-
entific basis for quantitative disability assessment. A substantial amount of relevant
new material came to hand during the lifetime of the Working Group, and where
such material has been relied upon in formulating the present recommendations
brief particulacs are given at the appropriate places in the text. Some aspects entailed
decisions based on reviews of past work. A summary of the matters considered by the
Working Group is given in the following sections.

3.2  Surrogate measures of disability

A key decision which influenced much of the detailed work was to give preference to
the self-rating of disability as the basis on which to erect a quantitative scheme, whilst
recognizing that this method is not an appropriate instrument for direct application
to individual cases, particularly in the context of claims for compensation. In prac-
tice, this meant the selection of an appropriate surrogate measure and the establish-
ment of a population norm for the relation between self-rated disability and the
surrogate. As in virtually all previous schemes, the choice of a surrogate came down
finally to one or other index derivable from the pure-tone audiogram. Other meas-

- ures were considered, including various psychoacoustic tests of cochlear function,

but were not found to be sufficiently well-founded or to give a better representation
of hearing disability.

3.3  Characterization of the concept of hearing disability

From the earliest days, the assessment of hearing disability has conventionally been
identified with loss of speech perception and given quantitative significance by per-
formance at a speech test. Average performances of test groups were compared with
their average audiometric impairment to derive an indirect scale of disability. This
view of what constitutes disability is deeply engrained and runs as a2 common thread
from the pioneering work of Fletcher (1929) through six decades. It has formed the
basis of innumerable schemes, differing only in the conditions (implied or explicit)

" in which the speech performance is measured and in the extent to which the results
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of scientific experiments have been simplified to provide administratively attractive
formulae. This last step marks a distinction between disability and what might be
termed ‘deemed disability’ for purposes of administering 2 compensation scheme, a
point to which we return in 3.6. R B :

Details of the genesis and mctamorph'b_lsi s of these disability scales have been
given, among others, by Suter (1978) and by Hardick et al. (1980). These accounts
serve to demonstrate that no consensus can be arrived at as to which is best from all
perspectives; for example, applicability to different types of hearing loss or at differ-
ent levels.of impairment, or for compensation as ?pp95ed to hearing loss prevention.

The attraction of an integrated measure of disability, obtained by some form of
self-assessment, is that it avoids prejudging which, out of an unlimited variety of
speech perception tests, in quiet or in various types of background noise, should be
taken as representative; indeed, it avoids the question of whether speech perception
is the main or sole basis on which people judge their hearing ability (even leaving
aside individual psychological reactions which fall in the domain of ‘handicap”).

To sidestep reliance on average relations berween disability and audiometric
impairment, questionnaires have been devised from time to time intended for direct
application to individuals, an example of these being the hearing measurement scale
(HMS) described by Atherley and Noble (1971) and Noble (1978). Whatever the mer-
its of such instruments for correctly rank-ordering people’s degrees of hearing dis-
ability, they cannot form a rational basis for quantitative evaluation because the meth-
ods of scoring responses and summing over questions are necessarily arbitrary. More-
over, such questionnaires are open to abuse in the medicolegal context. Further-
more, it has repeatedly been observed that correlation between questionnaire-based
self-report and speech-hearing performance is no better than, indeed usually inferior
to, that between self-report and an appropriate audiometric impairment measure
(Coles, 1975; Noble, 1978; Tyler and Smith, 1983; Robinson et al., 1984; Lutman et
al., 1987). According to Coles, ‘it could be that the measured impairment [the refer-
ence here being to HTLs averaged over 1, 2 and 3 kHz] is in fact a better guide ....
than the patient’s description of his hardship’.

Given that the practical implementation of a disability assessment scheme neces-
sarily reduces to the employment of an audiometric surrogate, these results clearly
point to a further potential advantage of self-report over speech performance tests as
the basis for establishing the norm for a disability scale. The objection to question-
naires, that they are non-metrical, is dispelled if the self-assessment is itself made in
quantitative terms. This device combines the merits of face validity with the direct
delivery of a quantitative scale. The method was successfully employed by Habib and
Hinchcliffe (1978), using two sample populations of clinical subjects. A similar tech-
nique has subsequently been used on a large sample representative of the general
adult population (Lutman and Robinson, 1992), and the results from that study have
been adopted for this Report.

o
e

3.4  Audiometric descriptors

A wide variety of audiometric descriptors has been advocated at different times and
places for best representing performance at speech tests, usually taking the form of
simple averages of HTLs at frequencies within the range 0.5-6 kHz, but sometimes
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with weighting factors or other refinements. Despite 60 years of endeavour, no final
agreement has emerged as to which is the best descripior.

The historical accounts of the various proposals, given in the references men-
tioned above, reveal certain trends but also a number of internal contradictions
regarding the optimal combination of frequencies. Among the complications there is
the finding that the ‘centre of gravity’ of the frequency range used in the descriptor
tends to move towards lower frequencies as HTL increases (Webster, 1964). However,
the details of these indices, their relative merits in different circumstances and condi-
tions of speech testing, and the minutiae of their comparisons with one another,
become largely irrelevant when the basis of disability rating is broadened by the
adoption of self-assessment. It is pertinent, therefore, to examine experimental data
from those studies which have employed self-assessment and which also provide
comparisons between different audiometric descriptors. Four such swudies are con-
sidered below.

@) Atherley and Noble (1971) applied the HMS to 38 persons suffering from
NIHL. Five out of the seven sections of their questionnaire are relevant to dis-
ability, viz. ‘speech hearing’ (both quiet and noisy situations being represent-

. ed); ‘acuity’ (hearing for non-speech sounds); ‘localization’; ‘speech distor-
tion’ (referring to the quality of the speech); and ‘personal opinion’. Correla-
tion coefficients between scores on these categories and various audiometric
descriptors are given in Table 3.1 (columns headed SH, A, L, SD and PO,
respectively).

) Lutman et al. (1987) derived four principal components from the responses
of 1470 people to a questionnaire. Three of these components are relevant to
disability, viz. ‘everyday speech’, ‘speech in quiet’ and ‘localization’. Correla-
tion coefficients are given in Table 3.1, in columns ES, SQ and L, respectively.

© W, I.Acton (personal communication, 1986) calculated correlation coefficients
for the results of 120 subjects suffering from NIHL, with disability ratings
based on the self-assessment questionnaire described by Kell et al. (1971).
These results are given in Table 3.1 in column A/K.

(d) Included in the National Study of Hearing was a question for the self-rating of
hearing ability of the participants on a scale of 0-100. The correlation coefti-
cients between these ratings and various audiometric averages for the better
ears of 2058 subjects were calculated for the purposes of this Report, and are
given in Table 3.1 in column SR.

The results shown in the table clearly indicate the high importance of 2 kHz. Acton’s
correlation coefficients differ only marginally among themselves and, although the
differences may not be statistically significant, they suggest that the correlation is
diluted by the addition of lower frequencies to a greater extent than is made up for
by averaging over adjacent frequencies (compare (3) with (g)). Those combinations
containing 4 kHz are slightly less favourable than those with 3 kHz (compare (d) with (c)
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Table 3.1 Correlation cocflicients rclating self-assessed disability and various audiometric

descriptors.

Frequencles Atherley and Noble Lutman et al. Acton NSH*

(diz) SH A L 5D PO ES sQ L AK SR
a  2(alone) 0.66 0.63
b 0512 051 064 063 6.1'9 019 063 039 035 058  0.65
¢ 05123 : .049 058 053 ,058 049 062 066
d 05124 - 0 062 039 033 060  0.66
e 051234 040 053 069 059 048 0.63
0512346 040 051 046 062 054 064 065
g 1,23 059 037 031 064 066
h 1,24 060 036 031 062 065
i 346 028 034 041 055 038 0.60

* Data from the National Study of Hearing (M. E. Lutman, private communication, 1991).

and (h) with (g) ). The whole-audiogram average, (f), shows no advantage over the
& et combination 1, 2, 3 kHz (g), which again suggests that any advantage in averaging

e over more frequencies is offset by including those at both ends of the range. Atherley
i and Noble's resulis for the ‘sensitivity’ categories, SH and A, appear to confirm the
R, impression that adding extra frequencies does not improve correlation: note the
: descending values in (b), (c), (€) and (). The converse holds for SD and (almost) for
PO, whilst the results for L show no progressive pattern. The data of Lutman et al.
show only small variations with frequency combination, but a slight preference for
combination (b). Those authors caution that differences of 0.03 between correlation
coefficients in the region of 0.6 are only on the borderline of statistical significance.
From the ensemble of data, the balance would be slightly tilted in favour of (b)
according to Lutman et al. and part of Atherley and Noble's HMS findings, but
towards the inclusion of a higher frequency on the basis of Acton’s results and, more
particularly, the SD and PO categories from the HMS where the combination ®»
showed up very poorly. The results from the numerical self-rating question in the
National Study of Hearing, on the other hand, vary so little with the frequency combin-
ation (with the possible exception of the 3, 4, 6 kHz value) as to suggest that the
choice of frequencies is indeed largely arbitrary.

The evidence reviewed is clearly insufficient on its own to compel a decision on
the frequency combination, but there are other considerations to take into account.
These arise from the fact that the disability scheme has to be used for assessing indi-
vidual cases, by inferring a notional disability from a set of actual measured HTLs.
i . The first of these considerations is that 0.5 kHz is among the less reliable frequencies
s rjs judged by repeatability trials, second only to 6 kHz in this regard (Robinson,
i 1

991a). Secondly, in the case of NIHL there is often a notch in the audiogram, usually
in the vicinity of 4 kHz. These notches are sometimes narrow in the frequency
dimension but may be quite deep (20 dB or more). There is, therefore, a chance of
obmining an inflated HTL measurement which does not properly characterize the
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average level of the audiogram in the region of the notch. This is much more likely o
happen with the 4 kHz audiometric frequency than with 3 kHz. Another incidental
advantage, but one which is quite important in practice, is the relative difficulty of
measuring accurate bone-conduction thresholds above 3 kHz (Coles et al., 1991).

These practical matters, in conjunction with weak indications of a strictly scientific '

nature, led the Working Group to adopt the three-frequency average, 1, 2 and 3 kHz.
This should not be construed, however, as implying the absence of any disability in
some individuals with hearing losses restricted to frequencies outside this range.

An incidental advantage of this selection is that it accords with UK practice in
statutory hearing loss compensation and standards for hearing conservation, and
thus may lead to easier acceptance than has attended departures from established
practice in the past. There are examples of such changes being made on very dubious
grounds, for example when CHABA (1975) responded to a request to change the
hitherto widely accepted AAQOO recommendation (0.5, 1, 2 kHz) by substituting
3 kHz for 0.5 kHz in such a way as to result in the same compensation costs; the
report of the CHABA working group offers no convincing reason for the change but
they nevertheless acceded to the request. In the UK, the predecessor to the present
Working Group recommended in their draft report the continued use ofthe 1, 2,3
kHz combination, but this was overturned by the sponsoring bodies. These dissent-
ing voices may have been influenced by the then recent work of Suter (1978) whose
correlations for a group of mildly impaired persons pointed in the direction of1,2,4

'kHz. The limited scope of Suter's tests, however, led Hardick et al. (1980) to remark

that her ‘conclusions may not be generalizable to individuals with more severe hear-
ing losses affecting the low frequencies’; their own preference was for the five-fre-
quency average, 0.5, 1, 2, 3, 4 kHz with a fall-back recommendation of 1, 2, 3 kHz if,
as they suspected, the inclusion of 4 kHz would give rise to {non-scientific) objec-
tions. These remarks are given simply as a commentary on the slightness of evidence
that has swayed previous groups charged with reviewing the problem of disability
assessment, not as corroborative evidence for the particular combination chosen
here, because data on self-rating did not feature in previous reviews.

3.5  Scale relationship between audiometric impairment and disability

Quasi-quantitative unidimensional measures of disability derived from summing the
responses to multi-item questionnaires, as in the HMS, provide a scale with ordinal
(rank-ordering) properties only; there is no way of knowing the cognitive distances
between the scale points. Scales derived from percentage-correct scores at specific
speech tests are less arbitrary, but no scale of this kind is unique because the test con-
ditions radically affect the scores obuined. Consideration was therefore focused on
direct quantitative estimation of disability, by the only means available; that is, by
numerical self-rating of perceived disability. Habib and Hinchcliffe (1978) applied this
method to two clinical populations, one in London and one in Cairo. The impair-
ment was represented solely by the HTL at 2 kHz and the correlation with subjective
magnitude was 0.315 (P<0.01). Results for the two populations were similar in form
but differed by a factor of about 1.5 on the subjective magnitude scale, the London
contingent yielding the lower ratings. The method of analysis used by those authors
was constrained to represent the relationship between percentage disability and HTL
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as a progressively accelerating function, and thus was unsuitable for extrapolation in
the higher ranges of HTL. The National Study of Hearing provided data on similar
lines for a much larger and more representative population sample, and the results
have been analysed by Lutman and Robinson (1992), using a mathematical model
better adapted to accommodating results over a wide range of HTL, using the 1, 2, 3
kHz average HTL. The resulting function is given in Chapter 8.

3.6 The low fence and the high fence

There is a wealth of experimental evidence pointing to there being a continuous vari-
ation of disability with increasing HTL, whether the disability is measured by self-rat-
ing or by some form of performance test. Despite this, much effort has been expend-
ed on defining two points on the HTL continuum, below the first of which (low
fence’) disability is deemed to be absent and above the second of which (‘high
fence') disability is deemed to be total. Three distinct ways of specifying the low
fence are outlined below

@) An impairment-based low fence is that value of HTL at which hearing is signif-
icantly different fromn normal. Normal here refers to the zero reference level
as specified for audiometers together with the statistical distribution of HTLs
for young, otologically unimpaired persons. Significantly different from nor-
mal means lying beyond a specified, but arbitrary, fractile of this distribution
on the positive side of zero, for example the 90th, 95th or 98th percentile.
The cut-off point is 2 matter of judgement, and has never been uniquely spec-
ified.

(b) A performance-based low fence is arrived at by choosing a fractile of the dis-
tribution of scores at a test (such as speech audiometry) given by young, oto-
logically unimpaired persons, and then translating this value back to HTL
using a pre-established median relationship between HTL and score. This
definition was adopted by Robinson et al. (1984); it has the attraction thas the
low fence so arrived at is much less dependent on the nature or difficulty of
the speech test than the actual error scores themselves. It leads to consider-
ably higher values for the low fence than by definition (a) for the same select-
ed percentile.

©) A disability-based low fence can be defined in the manner of the study by
Merluzzi and Hinchcliffe (1973), using subjects’ responses to a dichotomous
question on the lines ‘Is your hearing normal or not?’. Normalized distribu-
tions of the HTLs of those answering yes and no respectively intersect at a
value of HTL which becomes, by definition, the low fence separating the able
from the disabled in a statistical sense. This method appears to yield lower
values than either definition (a) or definition (b)

It can be seen that, whichever definition is taken, the process of arriving at a low
fence is highly arbitrary, which raises the question of whether it is necessary or desir-
able to postulate this concept at all in the context of hearing disability assessment.
The same applies 1o a high fence.

The literature is quite clear on this point: the fences are erected as an administra-
tive convenience. They have been introduced at the expense of fidelity to the true
nature of things, either to satisfy a demand for simplicity or (at the low end) to get
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away from trifling monetary awards and vexatious claims from individuals with hear-
ing bordering on the normal. The high fence has often been set at rather low levels
as a way of making up for the exclusion of other cases below the low fence. Davis
(1971) described a well-known two-fence scheme in these words: ‘In the interests of
simplicity, the AAQO rule introduced unreal abrupt transitions at zero and at 100%
handicap [disability in current terminology]. From the point of view of the victim, the
rule is harsh at the low fence but lenient at the high fence.’ High fences have ranged
from as low as 70 dB HL (average at 0.5, 1, 2 kHz) upwards. It is obvious that hearing
impairment is not total at that level, and consequendy that disability is not total
either. At the low end, fences as high as 50 dB HL (average at 1, 2, 3 kHz) are to be
| found (e.g. in the UK statutory compensation scheme, although 50 dB is the point of
entry and relates to 20% disablement). Even at the lower value of 26 dB (average at
0.5, 1, 2 kHz) — the value that prevailed for many years in the AAOO scheme ~ there is
no doubt that many persons in this condition are not 100% able in their hearing,
especially those who began life with hearing equal to or better than the reference
‘normal’ for whom a low fence of 26 dB represents a large erosion of their *hearing
reserve’.

There are, nevertheless, circumstances in which the defining of a low fence is
: appropriate. This is the case, for example, in the control of industrial hearing loss
' where minor degrees of impairment, and hence slight disabilities for the most sus-
ceptible individuals, are an economic inevitability. It is therefore useful to postulate a
cut-off point and to work backwards from this to the noise exposure limits that
should not be exceeded. Such arguments, however, apply in a broad-brush manner
to noise-exposed populations: they have no place in the assessment of the disability
of individuals.

In regard to individual assessment, and its seque! in setting quanta of awards, it is
important to keep in mind the distinction between ‘disability’ and ‘deemed disabili-
ty’ referred to in 3.3. It should be emphasized that this Report is principally con-
cerned with the latter, in that the individual measurements of hearing threshold level
! which are made are used to infer a value of disability from a knowledge of the aver-
age relationship between the two. This Report is not the place to make specific
| recommendations about the estimation of disability taking unquantifiable personal
factors into account.

It is pertinent to point out here the implications of the system proposed in this
Report, which admits neither a low nor a high fence, but only a curve of disability
against HTL which starts from the lowest point on the acute side of the young normal
distribution (10 dB HTL) and rises continuously. On the face of it, this scheme
would appear to astribute a finite percentage disability to any claimant still within the
‘normal’ range. However, the disability for compensation purposes is, in fact, to be
calculated as the difference between the value on the curve and that for the notional
average person, unimpaired except for AAHL, of corresponding age and sex to that of
the claimant.

e P U —
e T —

3.7 Differential weighting of the two ears

There is a long history of procedures designed to allow for inequality of the two ears.
Fletcher (1953) recognized that two distinct factors come into play compared with
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the case of ears of equal sensitivity. The first of these, binaural sensitivity loss, is illus-
trated by the following. Total monauralization entails a loss of loudness, which can
be determined by monaural/binaural loudness comparison experiments; it follows
that partial loss in one ear can then be represented by a correspondingly smaller
loudness loss. Inseparable from this effect is the second factor, binaural faculty loss,
manifested as a diminution, or even total loss, of the faculties inherently dependent
on the possession of two ears, namely localization and the capacity to resolve spatial-
ly separated competing sound sources. Fletcher's solution to allowing for the bin-
aural faculty loss was simply to double the loudness loss, but this was a conjecture
without any experimental foundation.
Fowler (1942) devised an empirical scheme based on three premises:

@) the difference between ‘better’ and ‘worse’ ear becomes progressively less
important as the better-ear hearing loss increases;

®) with one normal ear and the other with no hearing at all, the disability is
worth 10%;

© with one ear rotally deaf, the growth of disability increases with the loss in
the functioning ear in a sigmoid fashion, the grow:h rate being greatest
between 30 and 50 dB.

This system appears to have originated from a mixture of intuition and clinical
experience. Sabine (1942) introduced a more complex variant of Fowler's method
while conceding that there was next-to-no experimental basis for it. These systems
did not find favour with the American Medical Association (Bunch et al., 1942) who
simplified it to a simple 7:1 weighting of the disabilities for each ear, in favour of the
better ear; this weighting is apparently still current in the State of Oregon.

Subsequent history is mainly a variation upon the AMA method, with different val-
ues for the ratio. In 1959, the AAOO proposed 5:1, which was accepted by the AMA,
and has remained in force. Other values have been used, for example 4:1 (Ginnold,
1979), and 1:1 (Hardick et al., 1980). The last-mentioned argued for 1:1 on the
grounds that it avoided the ‘trap opened by the extreme case of the total unilateral.
Weighting the ears differentially to produce a binaural percentage loss that looks rea-
sonable in terms of handicap [disability] for unilateral cases implies acceptance of
equal handicap [disability] for equal percentages no matter what the audiometric
configuration. We simply do not know enough about differential weighting or how it
should vary as a funcrion of severity of the loss to satisfactorily resolve the problem in
any but the extreme case’. It is true that experimental data are scanty, but to shy away
from the problem in the above manner is not satisfactory in view of the manifest
inequity of an equal-weighting rule. '

In the UK, the ratio 4:1 was adopted in 1973 in connection with the then DHSS
Statutory compensation scheme for occupational deafness, but it did not appear
explicitly in the regulations until 1983 (Statutory Instrument 1094, at schedule 24
part III).

There is 2 report (BC.Robinson, 1978) of an attempt to resolve the binaural weight-
ing problem experimentally, using a questionnaire applied to a sample of 282 sub-
jects, which was said to show that ‘the better ear was four times as important in day-
to-day functioning as the worse ear'. Reference to the paper cited (Macrae and Brig-
den, 1973), however, fails to throw any light on how this conclusion was arrived at.
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The present authors considered that Fletcher’s original proposal, described
above, had a more rational basis except for the arbitrary way in which he had been
obliged to allow for the binaural faculty loss component. Since Fletcher's time, a cer-
tain amount of experimental data has been published on this aspect (MacKeith and
Coles, 1971). Accordingly, for the purposes of the present Report, a synthesis has
been made of these data with Fowler's premise (a) referred to above plus a compo-
nent of loudness loss on the lines given by Fletcher. The resulting system is described
in 8.3 and incorporated into the tables of disability.

3.8  Age-associated hearing loss

In contrast to the topics already discussed, age-associated hearing loss (AAHL) is a
well-researched field, but there are considerable variations between the results of the
several dozen systematic studies reported in the literature. Much of this variability
can be traced to differing criteria of subject selection, and ethnic differences also
appear to play a part. Fortunately, the search for representative results is greatly facili-
tated by reference to two sources which sum up the state of the art up to 1987; dur-
ing the lifetime of the present Working Group, a further large body of data came to
hand from the National Study of Hearing. A brief summary of these three data
sources is given below. A feature common to all of them is a distinction between the
AAHL in males and females.

@) International Standard ISO 7029:1984 and its technically identical counter-
part BS 6951:1988 give values of AAHL as deviations relative to the median
thresholds of young otologically normal subjects (that is, very nearly but not
exactly 0 dB HL). The values refer specifically to screened populations,
described as ‘otologically normal’ except, of course, for the age-related loss.
The precise meaning of this can only be inferred from the descriptions of the
test populations given in the original papers on which the Standard is found-
ed. Not all of these descriptions are as explicit as might be desired, but at
least some degree of subject selection had been made in every case to
exclude factors such as known adverse otological history, regular noisy
employment etc. The analysis of the original data was described by Robinson
and Sutton (1978, 1979).

Values of AAHL are defined for the age range 20-70 years, for percentiles of
population from the 5th to the 95th (of which only the 50th - the median —
concerns us here), and for audiometric frequencies from 0.125 to 8 kHz. The
Standard gives the generating equations as functions of age and percentile,
for each sex, and the same data have been published as a set of complete
tables for ready reference (Shipton, 1979).

{b) Conscious that the ‘otologically normal’ population of ISO 7029 was, by
design, not representative of the population as a whole, a set of results corre-
sponding to (a) was evolved by Robinson (1988b) for a ‘typical population’.
Obviously that is a looser concept than ‘otologically normal’.and liable to be
more dependent on the particular population selected for study. In practice,
the available results for the largest population samples (some 80 000 people)
were of American origin. In the paper cited, these data were analysed on the
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all-ears basis, that is, two values per person, and as in ISO 7029, these resulis
were expressed as threshold deviations from median normal hearing at age
20. Corrections are also given for conversion to standard HTLs; these correc-
tions are quite small except at 6 kHz where they are abour 5 dB; for the aver-
age at 1, 2 and 3 kHz the corrections are only 0.2 and 0.3 dB for the male and
female populations respectively; these corrections have been applied in col-
umn (b) of Table 3.2. The values cover the age range 20-70, percentiles from
the 5th to the 95th, and audiometric frequencies from 0.5 to 6 kHz.

() The National Study of Hearing obtained data on over 2000 subjects randomly
selected from the population of four cities in the UK. The data provided pro-
files on various anamnestic and audiological variables such as noise exposure
history, material conductive hearing loss, socioeconomic status, to mention
but three, in addition to pure-tone audiometry. It was therefore possible to
select subpopulations by specifying relevant criteria and to examine the dis-
tributions of HTL in each. For the purposes of the present study two such
selections were made: (i) the total sample for which audiograms were avail-
able for both ears, and (ii) the sample remaining after exclusion of significant
reported noise exposure and presence of material conductive hearing loss
(defined by an air-bone gap exceeding 15 dB averaged over 0.5, 1 and 2
kHz). For both samples, subjects were first sorted according to sex and
decade of age and their HTLs were then averaged over 1, 2 and 3 kHz. Distri-
butions of these averaged HTLs were then determined in each subsample. In
the case of sample (i), three such distributions were calculated, namely those
of the ‘better’ ears (n=2678), of the thresholds averaged over left and right
ears, and of all ears (n=5356) (A. C. Davis, 1988, personal communication).
In the case of sample (ii), only the distribution for ‘better’ ears (1=1746) was
calculated because it had become clear that this was the more appropriate
specification for a ‘reference population’ in connection with disabllity assess-
ment.

A comparison of the three data sources is given in Table 3.2. Columns (b} and (c)
(all ears of typical populations) are in very good agreement taking into account the
completely independent sources of these dara (see column (h)), particularly for the
males. Comparing columns (d) and (c), the selection of the better ears leads to lower
median thresholds by about 1.5-3.5 dB, the difference increasing with age as might
be expected. The elimination of conductive losses etc. further reduced the median
threshold for males, but not for females (compare columns (d) and (¢)). Finally, com-
paring the NSH ‘better ear’ selected sample (column (e)) with the international stan-
dard value for otologically normal persons (column (f)), good agreement is again
found for males and a rather surprising constant difference of 3 dB for females. For
the purposes of this Report, it was considered that the standardized values given in
ISO 7029 form the more appropriate baseline for use in connection with disability
assessment in individual cases.
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Tabie 3.2 Comparative data on median agc-associated hearing loss expressed as hearing

threshold levels (dB).
Age Typical NSH* NSH Orologically {c) ()
(years) population (total sample) selected normal minus minus
(Robinson, All ears ‘Better  sample population (5] ®)
1988a) ears'  ‘better (1SO 7029)
ears’
a b c d € f g h
Males
25 3.6 4.4 29 1.9 0.2 1.7 0.8
35 59 6.7 5.0 4.2 2.0 22 0.8
_45 9.9 109 B.6 6.5 5.3 1.2 1.0
55 16.3 16.7 13.8 104 10.1 03 0.4
65 26.1 24.1 20.7 174 16.4 10 =20
Females
25 25 4.7 3.0 33 0.0 3.3 2.2
35 4.2 64 4.9 4.7 14 33 2.2
45 . 6.4 8.7 6.8 6.8 4.0 28 23
55 10.1 12.7 10.0 10.2 7.7 2.5 2.6
65 16.5 19.3 16.1 15.7 12.6 3.1 2.8
* NSH = National Study of Hearing.
Summary of chapter recommendations
. Preference is given to data on the self-rating of disability in the determination

of the relation between disability and impairment, as opposed to measures
. based on performance tests.

e The preferred audiometric surrogate for disability is the average of the pure-
tone thresholds at the frequencies 1, 2 and 3 kHz.

. The scale relationship between disability and hearing threshold level that
should be used is curvilinear over the whole range and derived from experi-
mental data.

° A concrete proposal is made concerning disability when the sensitivity of the

‘ears is unequal. This involves adjustment for the loss of binaural sensitivity
and also the loss of suprathreshold binaural faculties which assist in localiza-
tion and processing signals in noise. (The adjustment for loss of binaural
sensitivity is given by Equation 8.3. This, and also adjustment for loss of
supra-threshold binaural faculties, is embodied in Table A2 of Annex A.)

® Allowance for age-associated hearing loss should be according to ISO 7029.
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Chapter 4
Audiometric equipment

The procedure described in this Report is based on the pure-tone hearing threshold
levels at three frequencies, 1, 2 and 3 kHz. Air-conduction values will be required in
all cases. With few exceptions, bone-conduction values will also be required. The
requirements below are therefore based on the assumption that both measurements
are frequently (even routinely) to be made. This particularly affects the standard of
quiet required: the testing room should be regarded as an essential part of the equip-
ment (sec 4.6). Some indications are included for additional equipment, useful for -
diagnosis; in case cortical evoked response audiometry (CERA) is employed, the
required standard of quiet is the same as that for pure-tone audiometry (see 4.3).

4.1 Equipment for air-conduction audiometry

The air-conduction audiometer should conform with the specification for Type 1 or
Type 2 audiometers given in BS 5966.

Note 1: audiometers marked with the obsolete frequency series including 1024,
2048, 2896 Hz etc. should not be employed. These older instruments may not
comply with current standards in other respects.

The earphones should be of a type providing a direct link to the standards of audio-
metric zero (see 4.4). The types in most frequent use are the Telephonics Corpora-
tion TDH-39 and TDH-49 with the soft rubber cushion type MX-41/AR. Note that the
type of earphone determines the type of calibration equipment required to verify the
acoustical performance of the audiometer. The use of noise-excluding earphone
enclosures is not recommended, due to the uncertzinties of fitting and difficulty in
calibration. The background noise requirement should be met without the aid of
such devices, few of which are effective in any case.

Note 2: current production of the TDH series earphones is fitted with a new-
style cushion, type P/N 510 CO 17 (also known as Model 51); this has been
deemed acoustically equivalent to the type MX-41/AR.

The earphones should be fitted to a headband which is adjusted to provide the cor-
rect force of application to the subject’s ears (4-5 N).
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4.2 Equipment for bone-conduction audiometry

The bone-conduction audiometer should conform to the specification for Type 1 or
Type 2 audiometers given in BS 5966. Desirably it should be the same instrument as
used for the air-conduction testing in order to minimize systematic uncertainties aris-
ing from the tolerances which are permiued on individual instruments (see 5.2.1).
Narrow-band masking noise having the characteristics specified in BS 7113 is
required. The bone vibrator should be of a type with a plane circular driving area in
conformity with BS 6950, and fitted to a headband providing the correct force of
application to the subject’s mastoid prominence (nominal value 5.4 N). Hearing-aid
type vibrators are unsuitable; they do not comply with the standard.

Note 1: the recommended vibrator is the type B-71 manufactured by the
Radioear Corporation. The type B-72 also complies with the standard but is
heavier and more difficult to fit properly; its greater dynamic range at low fre-
quencies is not required for present purposes.

Note 2: the earphone used for delivering the masking noise to the non-test ear
may be of the insert or supra-aural type (sec 4.4).

4.3  Additional equipment
The following items of equipment may be useful as diagnostic aids.

Sweep-frequency audiometer. This type of instrument should comply with BS 5966
and provide both continuous and pulsed tones.

Note 1: instruments of this type may not lend themselves to the standard prac-
tice of calibration.

Note 2: with the exception of instruments provided with narrow-band masking
noise that tracks the stimulus tone, sweep-frequency audiometers are not
appropriate for testing where contralateral masking is required (as in the deter-
mination of bone-conduction thresholds of individual ears) because the correct
(‘plateau-seeking’) masking levels cannot be implemented in synchronism with
the continually changing frequency of the test tone (see 5.1.2).

Speech audiometer. Instruments of this type should comply with the requirements of
IEC 645-2 (in draft) or its subsequent BS counterpart.

Aural acoustic impedanceladmitiance instrument. Instruments for measuring the
acoustic characteristics (impedance, admittance, equivalent air volume etc.) of the
middle ear, and for testing the acoustic reflex, should comply with IEC 1027. Publica-
tion of a corresponding British Standard is expected.

Apparatus for electric response audiometry (CERA, ABR etc.) There are at present no
standards for such equipment, but a specification for the relevant test stimuli is at the
international draft stage. In the meantime, pure-tone stimuli for CERA should comply
with the relevant clauses of BS 5966.
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Apparatus for tinnitus assessment. No standards exist for equipment of this type. If a
pure-tone audiometer is employed, it should comply with BS 5966.

4.4  Coupling devices required for calibration of audiometers

Air conduction. For audiometers equipped with American earphones of type TDH-39
with appropriate cushions (see Note 2 of 4.1) or type D48 (German) carphones,
calibration is effected using an acoustic coupler complying with BS 4668; for other
types of earphone or earphone/cushion combinations, an artificial ear complying
with BS 4669 has to be used.

Note 1: verification of the sensitivity of the microphone of the coupler or artifi-
cial ear and its associated amplifiers requires the use of a pistonphone or sound
calibrator complying with BS 7189.

Bone conduction. Calibration of bone-conduction audiometers is effected using a
mechanical coupler complying with IEC 373:1990 (2nd edition) which is identical to
the corresponding British Standard, BS 4009:1991.

Note 2: the mechanical coupler specified in BS 4009:1991 differs in important
respects from that specified in the previous (1975) edition of the standard,
which has been withdrawn. Instruments complylng with the new standard are
available commercially.

4.5  Quality assurance
4.5.1 General requirements

It is essential that the medical examiner liaises with the appropriate department or
individual to ensure that the proper quality assurance applies to each and every test.
Quality assurance in this context includes calibration of the relevant equipment and
operating methods for the equipment in accordance with the relevant standards,
codes and guidelines appertaining at the time.

4.5.2 Principles of calibration

Ailr conduction. The standard reference zero for the scale of hearing level is specified
in BS 2497 Parts 5 and 6 (according to the type of earphone). These standards give
the sound pressure levels produced in the acoustic coupler or artificial ear respec-
tively, by earphones of the appropriate patterns, when excited electrically at a level
corresponding to the hearing threshold of young otologically normal persons.

Note 1: the acoustic coupler and artificial ear are not interchangeable. The stand-
ards specify different sound pressure levels, but these correspond to the same
median threshold levels in human ears.

Bone conduction. The standard reference zero is specified in BS 6950, in an analo-
gous manner to that for air conduction in BS 2497. The standard gives the vibratory
force levels, expressed in decibels relative to 1 UN, transmitted to the mechanical
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coupler, when the vibrator is excited electrically at a level corresponding to the hear-
ing threshold of young otologically normal persons. The values given in the standard
refer to the vibrator being applied to the mastoid prominence with a static force of
5.4 N and the non-test ear being masked by narrow-band noise at a level of 35 dB
above the pure-tone threshold of that ear art the frequency concerned. The specified
vibratory force levels apply to bone vibrators having a plane circular driving face with
an area between 150 and 200 mm?.

Note 2: the masking nolse level used to define the audiometric zero above is for
reference purposes; it will not necessarily correspond to the level required to
abtain the true bone-conduction hearing threshold level of an individual (see
5.1.2).

Note 3: prior to 1988, the basis of bone-conduction calibration was entirely dif-
ferent. Equipment calibrated to the former standard BS 2497 Part 4 (now with-
drawn) in terms of vibratory acceleration will give results differing up to 6 dB or
more compared with the current standard, in the direction of creating an actifi-
cial air-bone gap, or inflating a genuine one.

4.5.3 Procedures

Distinctions have to be made between full-scale calibrations, periodical re-calibra-
tions and routine checks of performance. It is good practice to have the audiometers
adjusted at the time of the initial or first re-calibration to give true readings (thus
avoiding systematic errors, the use of correction charts etc.), and thereafter to moni-
tor the instrument periodically to ensure that it remains within a specified margin of
its last full-scale calibration. It cannot be assumed that a calibration will remain valid
for an extended period (years); the transducers (earphones and vibrator) in particu-
lar are liable to change through mishandling or electrical overload.

A three-tier system of checks and calibrations evolved for the above purposes is
outlined below. The system was originally devised by the former DHSS Advisory

. Committee on Audiological Equipment (ACAE) in the late 1970s and was subsequent-

ly published by the National Physical Laboratory (Shipton, 1987). It was adopted with
some modification by ISO in 1989 and the salient points recommended by the pre-
sent Working Group are summarized below.

Stage A - routine checking and subjective tests. The purpose is 10 ensure, as far as
possible, that the equipment is working properly, that its acoustic output has not
noticeably altered and that its attachments, leads and accessories are free from any
defect that might upset the test results. The routine checks should be carried out on
each day that the equipment is in use for the purpose of medicolegal audiometry.
Measuring instruments are not needed for Stage A, but an overall check is made by
carrying out 2 low-intensity listening check under the normal working conditions of
the audiometer and test room. This entails sweeping through all appropriate fre-
quencies at a hearing level of 10 dB or 15 dB and listening for ‘just audible’ tones.
The check must be performed by a person with normal, or better than normal, hear-
ing. It should be performed for both earphones as well as the bone vibrator. The fol-
lowing routines should precede the above checks on each occasion that they are per-
formed. Equipment must be left switched on for the recommended warm-up time
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before use. On battery-powered equipment the state of the battery must be checked.
The subject’s signalling system must be checked for correct operation.
In addition to the above checks, it is good practice to supplement them periodi-

" cally (e.g. weekly or fortnightly) with a more formal subjective check. For this pur-

pose a complete a-c audiogram should be carried out with the aid of an assistant,
under the normal working conditions of the audiometer and test room; the test per-
son should be one with normal, or better than normal, hearing who is employed
consistently over a period of time to develop a running audiogram. The advantages
of this procedure are (a) the test will exactly resemble that in normal use and will
reveal possible audible malfunctions (e.g. hums or clicks), and (b) the running audio-
gram data will serve as evidence of quality control.

Stage B — periodic objective checks. This tier checks a number of functions of the
audiometer: frequencies of the tones; sound pressure levels in an acoustic coupler or
artificial ear, as appropriate; vibratory force levels on a mechanical coupler; levels of
the masking noise; attenuator Steps; harmonic distortion. The intervals between
these checks may be determined by experience but should normally not exceed one
year. Changes of sound or vibration output levels of 2 dB or more at any frequency
should signal that a complete re-calibration (Stage C) is due. The value of that tier
depends upon keeping a proper record of the Stage B checks and any action taken as
a result of them.

Note 1: the above guidance on intervals between Stage B checks depends upon
the consistent application of Stage A checks.

Note 2: stage B checks require access to at least the following equipment:
sound level meter Type 1 complying with BS 5969 or BS 6698; one-third octave
band fiter set complying with BS 2475; acoustic coupler and/or artificial ear,
and mechanical coupler, as described in 4 .4; digital frequency counter; oscillo-
scope; low-nolse measuring amplifier (to enable the audiometer heasing level
control steps to be checked down to =10 4B HL).

Stage C — baseline calibration. This tier is brought into play at three points: () for
newly acquired or modified apparatus (including the test room), (if) when Stage A or
Stage B checks have shown up 2 fault which cannot be rectified without full work-
shop facilities, and (iii) when, after a long period of time, it is suspected that the
equipment may no longer be performing fully to specification. Examples of (iii)
might be a suspicion that the masking noise character has changed or that the rise
and fall times at the start and finish of each signal may have gone out of specification.
Stage C checks and calibrations need not be employed on a routine basis if Stage A
and Stage B checks are performed regularly.

Certification. The high standards of audiometric accuracy needed for purposes of
disability assessment require that at least the Stage C calibrations of the apparatus
(or, in the case of the test room, its qualification of suitability for purpose) be certifi-
cated by a competent organization, such as a NAMAS-accredited testing laboratory.
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4.6 Background noise requirements for the test room

A quiet environment is essential for accurate audiometry. For air-conduction testing,
the headphones provide some measure of exclusion of residual noise in the test
room, but this is not the case for bone conduction, where the ear canal is uncovered.
Theoretically, therefore, it is the latter case which is crucial. However, this is not nec-
essarily the case in practice, because bone-conduction measurements usually assume
importance only when there is at least a small amount of conductive hearing loss, in
which case the conductive loss tends to offset the loss of noise exclusion when the
ear is uncovered.

Standards exist (BS 6655; ISO 8253-1) for the upper permissible limits of accept-
able background noise for audiometry, and these are conditioned by four factors:
(a) the lowest hearing threshold level which it is necessary to measure (remembering
that the range of normal hearing of young persons extends at least down to -10 dB
HL), (b) the acceptable margin by which the selected lowest level may be in erroras a
direct result of masking of the test tone by the background noise, () the lowest test
frequency to be measured, and (d) whether or not headphones are in place, and if so
what allowance can be made for their sound attenuation.

Desirably the test environment should comply with the above-mentioned stan-
dards. However, these standards provide for audiometry over a wider frequency
range than that required here. A review of the standards, and an adaptation which is
slightly less demanding, is described in Robinson (in press) and is deemed accept-
able for present purposes. Recommended noise limits for use in the present context
are given in 4.6.1.

Note: it is necessary to provide for measurement of hearing threshold levels at
least down to 0 dB HL, to provide a safcty margin for cases of mild, but poten-
tially compensable, disability, and to assist in the detection of spurious hearing
threshold level (see 6.1) on the part of otherwise normal claimants.

Qualification of test rooms with respect to background noise requires acoustic exper-
tise, and the resources of specialized equipment not normally available in audiologi-
cal clinics.

4.6.1 Specific recommendations applicable to audiometry for disability
assessment

If the conditions specified in BS 6655 or ISO 8253-1 are not met by the available test
facilities, it is nevertheless possible to satisfy the requirements of pure-tone audio-
metry for disability assessment if the background noise level is within the limits set
out in Table 4.1. The main, but not the only, reason why these values are less strin-
gent is the restricted frequency range (1, 2 and 3 kHz only) over which a specified
accuracy has to be guaranteed. The conditions applicable to these more relaxed val-
ues are given in the footnotes to the table and further described in 5.2.2.

Summary of chapter recommendations .

] Equipmeat for audiometry should comply with BS 5966 with a direct link to
national standards for hearing levels.
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Table 41  Maximum acceptable levels for background noise in the audiometry test
room under specified conditions (see footnotes to the table).

Centre uency of One-third octave band sound pressure
one-third octave level (dB re 20 pPa)
band (kHz) Air conduction only" B nduction?

y one co!
0.0315 94 97
0.04 89 92
0.05 84 87
0.063 80 82
008 = 75 77
0.1 71 72
0.125 66 66
0.16 62 61
02 58 56
0.25 52 50
0.315 47 45
0.4 43 40
0.5 33 34
0.63 33 27
0.8 27 21
1.0 23 16
1.25 25 16
1.6 27 17
20 30 17
25 32 15
3.15 34 13
40 36 11
50 35 13
6.3 34 18
8.0 33 24

1
Valid for air-conduction audiometry only: (a) at frequencies of 1 kHz and above; (b) when typical supra-aural
earphones are wom (see 4.1); and (c) for measurements down o 0dB HL.

2

Valid for bone-conduction audiometry at frequencies of 1 kHz and above. These values differ from those
required solely for air-conduction measurements on the same ears, because mcﬁnecessarily exclude any
allowance for the noise autenuation provided by wwmi supra-sural earphones. However, a small upward
adjustment of the acceptable noise levels has been included, effect of which may be a slight underestimation

of the magnitude of the air-bone gap. This underestimation could only arise in the case of small overall hearing
losses (air-conduction HTLs less than about 10 dB); in such cases, avoidance of errar due 1o background noise
maskins - g would necessitate reducing cach of the one-third octave band sound pressure levels in this column by
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e The use of noise-excluding earphone enclosures is not recommended.

® It is the responsibility of the medical examiner to ensure appropriate quality
assurance, including adequate audiometer calibration.

® Background noise levels for audiometry should preferably meet the require-
ments of BS 6655, but will be acceptable for measurements at 1, 2 and 3 kHz
if they meet the relaxed requirements given in Table 4.1.
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Chapter 5
Determination of hearing
threshold levels in usual cases

amirs e

5.1 Audiometric procedure

There are different ways of using an audiometer to measure hearing thresholds. For
the purposes of hearing disability assessment, uniformity of practice is necessary in
order to avoid systematic differences introduced by the method. Provided the recom-
mended procedures are strictly adhered to and the presence of SHTL (see 6.1) is not
in question, the methods described below have been proven to give reliable and reas-
' onably reproducible results, and should normally be used. If any variations of these
\ procedures are employed, for example in specialist centres with particular expertise
in audiometry, the results are to be adjusted (as appropriate) to accord with the
results that would be obtained by the specified procedures.

sions, full details of the audiometric techniques employed and other aspects of
quality assurance should be made available to persons directly concerned.

|
!
§
| Note: in case of discordant results from different centres or on different occa-
;
s

1 5.1.1 Procedure for air-conduction testing

% \ The procedure should follow the published recommendations of the BSA and BAOL

(Anon, 1981) and should include repeats at the frequencies 1, 2 and 3 kHz (see

’. 5.2.3.1, which also indicates how to deal with results that do not agree). The

BSA/BAOL recommendations describe two equivalent methods of conducting manual
audiometry, referred to as Methods A and B.

|

|

' Note 1: method A is a ‘10 dB down, -5 dB up' paradigm, in which multiple
ascents are made with single stimulus presentations. Threshold is taken to be
the lowest level at which two or more positive responses are given in at least

] half of the series of ascents. Method B is a variant, using 5-dB steps (up and

0y down) in which multiple presentations are given at each level to establish the

lowest level for which at least two positive responses out of a possible four arc

f obtained. Various refinements and simplified versions of the procedures are

described in the reference.

‘ Masking, where appropriate, should follow the recommendations published by
BSA in 1986.
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Note 2: the guidelines given in the above references for obtaining and interpret-
ing responscs to the tone stimuli should be followed precisely, or as closely as
individual circumstances permir, in order to avoid rounding up to the next
higher step of hearing level.

5.1.2  Procedure for bone-conduction testing

For the purposes of disability assessment, bone-conduction testing needs to be car-
ried out on both sides, with masking routinely applied to the non-test ear (irrespec-
tive of which is the better ear) at 35 dB SL, and at such other levels as may be needed
to define any masking plateau at higher levels (see Note 1 below). The vibrator
should be applied to the mastoid prominence contralateral to the masking transduc-
er, first one way round and then the dther. Tone presentations should follow the
same method, A or B (see above) as used for the air-conduction testing, and appro-
priate additional masking levels should be used according to the plateau-seeking
method recommended by the BSA (1985). Note 2 of 5.1.1 also applies to bone-con-
duction resting,

Note 1: the above exception to the BSA recommendations should be noted with
respect to the masking. The BSA rules on when to apply masking are intended
for clinical diagnostic purposes and are not appropriate for quantitative com-
pensation assessment which requires identical procedures to be followed on
both sides. The reason for the exception Is to ensure that the small but distinct
central masking effect of contralaterally applied noisc on the observed thresh-
olds applies equally to both ears, and also because this procedure corresponds
to the conditions underlying the standard reference zero.

Note 2: recommendations were published by BSA in 1985 for bone-conduction
testing without masking (BSA, 1985) which are relevant in part. In particular,
the appendix to those recommendations draws attention to certain technical
pitfalls in bone-conduction testing.

Note 3: the technique of bone-conduction testing with masking for use in the
medicolegal context, described by Coles et al. (1991), is also recommended as a
way of mecting all the above requirements without being unduly time-consum-
ing.

5.1.3 Reporting the results of audiometry

The quantities to be specified for the disability assessment procedure described in
this Report are the hearing threshold levels, by air and bone conduction, at 1, 2 and
3 kHz only. The audiometric results should be expressed as hearing levels at individ-
ual frequencies to the nearest 5-dB step, using the format and symbols for pure-tone
audiograms published by the BSA in 1989.

Note: complete air-conduction audiograms (0.25-8 kHz) will be required for
the purposes of diagnosis, but the test conditions specified here will not neces-
sarily guarantee accurate results at frequencies outside the range 1 to 3 kHz
(especially at low frequencies).

The following additional technical data should be included in the medicolegal
report (see Chapter 11):
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Type(s) of audiometer used

Type(s) of earphone and bone vibrator used

The audiometric standard(s) to which the results are referred

tdentification of last certificate (or other evidence) of calibration

Method of audiometry employed (in sufficient detail)

Types of noise, transducer and technique used for masking

Which background noise criteria have been complied with, for air- and bone-
conduction tests.

5.2 Sources of error in audiometry

A distinction has to be made between systematic effects (which affect the accuracy of
a measurement) and random uncertainties (which affect its repeatability). Both are
sources of error but are distinguished by their differing natures: systematic effects
can in principle be allowed for and the associated error cancelled by appropriate cor-
rections (although this is not always feasible), whereas random uncertainties can
only be reduced by averaging repeat measurements and can never be eliminated
entirely. Both systematic and random effects occur to an important extent in audio-
metry, and both are present in the objective as well as the subjective aspects of the
measurements. The principal points to watch in connection with audiometry where
quantitative accuracy is of prime importance are outlined below.

5.2.1 Sources of objective error
The main sources of systematic error are as follows:

e Calibration error of the audiometer. The standard specifications for audiome-
ters (e.g. BS 5966) are manufacturing specifications in which the various
functions are required to perform within specified tolerances of specified
nominal values. Thus, for example, an instrument stated to conform to speci-
fication may deliver sound pressure levels within £ 3 dB of the proper values
corresponding to the dial settings. By contrast, a calibration consists of a
determination of the actual levels, frequencies €tc., that the instrument deliv-
ers, and (desirably) an adjustment of its preset controls to bring these values
into exact alignment with the nominal values. A statement that an instrument
conforms to the standard is a necessary but insufficient condition for correct
performance.

° Effect of earphone type. Audiometric standards are drawn up in such a way as
to allow the use of earphones of varying patterns (but not an unlimited vari-
ety), each with its own set of reference equivalent threshold sound pressure
levels. Whichever pattern is used, the same average hearing threshold levels
will be obtained (save for residual imperfections ir;}he standards) if a large
and constant group of subjects is tested. This, however, does not apply to
each individual because of unpredictable interactions between the acoustic
characteristics of individual ears and different types of earphone. It is there-
fore best to restrict the type of earphone to those which are in most general
use (in practice, the Telephonics Corporation TDH series).
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Accuracy of the tone frequencies. Standard hearing threshold levels can be
obtained only at the frequencies specified in the standards of audiometric
zero (which include 1, 2 and 3 kHz). If the apparatus produces tones appre-
ciably different from the nominal values, the resulting measurements can be
in error from three causes: (a) the ear is being tested at the wrong frequency
(this may be a major effect if the threshold of the ear under test has a strong
frequency dependence, such as a ‘ski-slope’ or a marked fine-frequency rip-
ple in the neighbourhood of the test frequency); (b) the normal threshold of
hearing could differ appreciably from the audiometric zero at the nominal
frequency (this difference being a property of the average human ear), thus
causing the hearing level control to deliver spurious sound or vibration
levels; and (c) if the frequency has shifted from its last calibration value, the
frequency response of the earphone may cause an incorrect sound pressure
level to be developed (this problem relates mainly to high frequencies and is
unlikely to cause serious error at 1, 2 or 3 kHz).

Systematic and random uncertainties associated with audiometric
technique

A miscellany of effects falls under this heading:

Background noise in the test room. Minimum requirements for admissible
background noise are set out in 4.6.1. The limiting noise levels in the table
were arrived at on the basis that continuous noise, the spectrum of which
does not exceed the specified values in any one-third octave band, will cause
a threshold shift not exceeding 2 dB at any of the key test frequencies (i, 2, 3
kHz) when measuring air-conduction thresholds down to 0 dB HL. This does
not necessarily mean that the background noise is itself inaudible to the sub-
ject — only that it will not interfere with the test by more than the error criter-
ion of 2 dB. There is not a simple relation between noise level and the error
it causes. For example, to ensure an error not exceeding 1 dB, all noise levels
in the tables would have to be 5 dB lower. Conversely, if an error not exceed-
ing 5 dB were to be tolerated, the levels could theoretically be set 8 dB high-
er; however, an error of this magnitude is unacceptably large.

Fitting the headphones and bone vibrator. Assuming that the headband is
already adjusted to provide the correct force of application, it will neverthe-
less be true that the sound pressure or vibratory force (as the case may be)
delivered by the transducer does not repeat exactly on successive place-
ments. Uncertainty in positioning the transducers on the head gives rise to an
ineradicable source of random error in audiometry. It is more severe in the
case of the vibrator than of the earphone. Fortunately, the effect is least for
middle frequencies (including 1, 2 and 3 kHz). Nevertheless, the audiomet-
rician should rake steps to minimize the uncertzinty by careful placement of
the transducers, and by ensuring that they are not moved (accidentally or
deliberately) during the course of testing. Accoutrements such as spectacle
frames and head ornaments should be removed, and care taken that superflu-
ous hair is not entrapped by the earphone cushion. In bone-conduction
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audiometry, it is important to ensure that the vibrator makes contact only at
the intended point (over the mastoid prominence), and that its headband
makes no mechanical contact with the (separate) headband when one is used
to support 2 supra-aural masking earphone on the other side.

) Signalling system. The subject’s response 10 stimuli is best communicated by
means of a press button. This should be silent in operation, with a positive
‘feel’, but not so stiff as to fatigue the finger.

® Miscellaneous noise. Clothes rub of the transducer cables is to be avoided;
also, the seat should be reasonably comfortable though firm and free from
creaks.

° Stimulus presentation. Initial familiarization, the preferred order of frequen-

cies, the duration of on- and’ off-periods etc. are described in the BSA and
BAOL recommendations referred to in 5.1.1 and 5.1.2, and should be closely
adhered to.

° Alternative modes of audiometry. Some audiometers provide an automated
sequence of signal presentations, simulating manual methods of audiometry.
Some other computer-controlled types go further in providing a time-opti-
mized sequence and algorithmic computation of the thresholds. These instru-
ments may yield results systematically shifted with respect to the manual
methods A and B recommended here, and details of their performance (with
corrections if necessary) should be provided (see 5.1). Despite their several
advantages in other applications, audiometers providing only fixed-frequency
self-recording are not recommended for present purposes, principally
because they are not normally adaptable to the required bone-conduction
testing. If, in exceptional cases, such equipment is used for air-conduction
testing, the results read from the selErecorded traces in the manner specified
in BS 6655 have to be adjusted. This adjustment specified in BS 6655 as
+3 dB is to be added to self-recorded hearing threshold levels. The result is
then rounded to the nearest 5 dB (see Example 2 in Appendix A).

5.2.3 Uncertainties associated with the subject

5.2.3.1 Normal expectation of audiometric reliability. Factors affecting performance
in audiometry have been fully reviewed by Stephens (1981). In Table 15.1 of the ref-
erence, he lists 38 sources of variance in audiometric testing. The sources
attributable to the subject being tested include motivation, comprehension of
instructions, judgmental criteria, detection variance, learning effect, personality, cir-
cadian effects, attention, fatigue, colds, wax, temporary effects of preceding noise
exposure, and real fluctuation in hearing sensitivity.

Many of the above factors are outside the control of the tester, but attention is
needed to the following. Ensuring that instructions are understood and that the sub-
ject is attentive depends on observation of the claimant's performance during
audiometry and, if comprehension or attention is lacking or suspected, it should be
corrected by immediate re-instruction. Enquiry should be made as to whether or not
the claimant has a cold and whether or not this, or any other temporary factor, seems
to be affecting the hearing or quality of performance. Enquiry is also needed as to the
nature, loudness and duration of any occupational or other noise exposure in the
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preceding 24 hours, together with notes on any hearing protector worn in that period.
The ears should be examined for wax and any other factor possibly associated with a
temporary effect on hearing. History, or other diagnostic evidence, of any factors pos-
sibly associated with a real fluctuation in hearing sensitivity should also be sought.

Assuming that there are no such temporary influences on hearing, and that there
is no SHTL (see 6.1), there remain variations which are inseparable from the process
of audiometry, but which become apparent only if the measurements are repeated.
From the many experimental studies on this subject, the following conclusions can
be distilled (Robinson, 1991a): (a) repeatability varies greatly from person to person
but no test has yet been devised to separate 'sheep’ from ‘goats’ in this respect in
advance of repeat measurements; (b) repeatability is best at 1 and 2 kHz and poorer
outside these limits especially at 6 kHz; (c) different audiometric techniques (e.g.
manual, selfrecording or microprocessor-controlled) can produce systematic differ-
ences of measured HTL (see, for example, 5.2.2) but there is little to choose between
them in respect of repeatability; (d) with 5-dB steps and the frequencies relevant o
disability assessment (1, 2, 3 kHz), the most prevalent (modal) difference between
occasions will be = 5 dB, and the number of zero differences will exceed the number
of differences of & 10 dB or greater; (e) a proportion of subjects will exhibit repeata-
bility worse than £ 10 dB at one or more individual frequency, but very few will yield
consistently poor results at all frequencies tested; (f) repeats at 1, 2 or 3 kHz, even
over an extended period of time (months), worse than * 20 dB can be virtually ruled
out, save for an occasional freak result due to some adventitious circumstance;
() where only a single measurement is made on a given ear, errors of the above
magnitudes will inevitably go undetected.

In view of (g) above, there is a strong case for repeating audiometry routinely and
recording both results. This practice is recommended, at least in the case of air con-
duction at the key frequencies of 1, 2 and 3 kHz, taking the step of removing and
replacing the earphones between repeats. Where such repeats differ by 5 dB the
lower (more acute) threshold should be taken, and if the difference is 10 dB the aver-
age should be taken; these rules implement the principle of taking theé average result

-and rounding down to the nearest 5 dB, in recognition of the essentially asymmetri-

cal nature of subjective error in audiometry. In the event of larger differences occur-
ting, the case merits further testing. It should, of course, be appreciated that repeat-
ing the audiometry will only reduce the uncertzinties of measurement where random
factors are at work; the fact that measurements repeat exactly does not necessarily
mean that they are true. Even individuals who give spurious results (SHTL) may give
perfect repeats,

5.2.3.2 Abnormal performance or unusual occurrences. Some of the factors which
may cause the subject to indicate incorrect thresholds are dealt with in 5.2.3.1 above,
and SHTL is covered in 6.1. The other fairly common source of error due to the sub-
ject arises when the pressure of the audiometric earphone causes the ear canal walls
to collapse and thus occlude the ear canal. This is quite likely to occur in the elderly
with thin atrophic cartilage of the external ear, in those with narrow ear canals, and
in post-traumatic thickening of the external ear near the opening of the ear canal
(Coles, 1967). It causes a pseudo-conductive hearing loss, due to obstruction of the
ear canal in the a-c tests, but not in b-c. The clue to a collapse of the ear canal is
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when, in the presence of an apparent air—bone gap, other tests, such as tuning forks
or immittance audiometry, provide no supporting evidence of a conductive hearing
loss. The proof of the diagnosis, and the means of obtaining genuine HTLs, is to
insert a firm tube (e.g. an aural impedance-testing tip) into the ear canal, and then to
retest the a-c thresholds.

524 [Effects assoclated with the audiometrician and the interpretation of
responses

The audiometrician can influence test results in manual audiometry in several ways,
as follows: (a) by using procedures other than those authoritatively recommended
(e.g- Anon, 1981; BSA, 1985, 1986), especially in connection with variable lengths of
signal and interval, the use of both onset and offset of signal and of response to
decide on the acceptability of a response, and the criterion of threshold; (b) by allow-
ing bias to influence judgment of presence or absence of response to a signal and in
judgment of a threshold, such bias usually being accidental but potentially influ-
enced by sympathy for or against the claimant, or by preconceived ideas as to his or
her hearing ability; (c) by exercising skill, care and knowledge regarding the particu-
lar needs in medicolegal cases for accurate b-c threshold measurements (see 5.1.2);
(d) by failing to recognize and report unreliability of response and uncertainty of
threshold, leading to an unjustifiably firm statement of the threshold measured.

Selfrecording audiometry is not subject to procedural error unless some very
unusual equipment or technique is used.

5.3  Qualifications and training of personnel

In order to achieve acceptable estimates of hearing disability using the recommenda-
tions described in this Report, it is necessary that audiometry is carried out conscien-
tiously and according to the specified procedures. This entails that persons carrying
out the audiometry are properly trained and qualified in the task. The methods
described in the Report also require that subjects are examined medically with a view
to the diagnosis of any hearing disorder. This section sets out to describe the neces-
sary training and/or qualifications for persons undertaking audiometry, but does not
attempt to define the required medical training for the medical examiner. However, if
audiometry is carried out by medical examiners, they must meet the training and
qualification requirements for pecforming audiometry.

The overall audiometric procedure involves the following: daily Stage A checking
of the audiometer and ancillary apparatus (see 4.5.3); informal observation of the
communication abilities of the subject; otoscopic examination relevant to audio-’
metry; noting of relevant abnormalities of the ear that might affect the test results;
performance of air-conduction and bone-conduction audiometry with masking
according to the methods described in 5.1.1 and 5.1.2; recording and interpretation
of the test results; understanding of the common sources of error in pure-tone
audiometry. The person performing the test must be able to perform all of these
tasks and must also possess a basic understanding of hearing and the effects of noise
on hearing.

A number of established courses include training on the above topics as part of a
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more general training to satisfy the requirements of the British Association of Audiol-
ogy Technicians Part I and Part I examinations or the Hearing Aid Council's examina-
tion; there are also MSc and Diploma courses in audiology run by universities in the
UK. Persons possessing any of the above qualifications are deemed to be qualified to
perform audiomerry for disability assessment to the requirements of this Report. In
the absence of such qualifications, it is the responsibility of the medical examiner to
ensure that the person carrying out the test is competent in the tasks outlined above,
in which case the medical examiner must be prepared to provide evidence to that
effect if required.

Summary of chapter recommendations

° Basic audiometric testing and reporting of results should follow the methods
recommended by the British Society of Audiology.
° Two separate determinations should be made of each of the air-conduction

thresholds at 1, 2 and 3 kHz for each ear.
® Testing should be carried out by an appropriately qualified person, as defined
in5.3.
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Chapter 6
Determination of hearing
threshold levels in special cases

6.1 Detection of spurious hearing threshold level (SHTL)

A spurious hearing threshold level (SHTL) may deviate in either direction from the
genuine hearing threshold level (GHTL), but is more often in the direction of greater
apparent hearing loss. SHTL may account for all of the apparent hearing loss, but
more often it comprises an overlay superimposed on some degree of genuinely
abnormal hearing.

The origins of SHTLs are complex and their detection in practice is not a simple
process. Inflation of a hearing loss may go undetected even by experienced medical
examiners. Unfortunately, the measurement of hearing by means of pure-tone
audiometry tends to facilitate such inflation. Many people can be remarkably profi-
cient in simulation or exaggeration of a hearing loss, often with good repeatability of
audiometric responses. It is probable that such subjects use a criterion of equal loud-
ness rather than absolute threshold. Thus the tester will need to have recourse to a
number of tests in order to detect SHTL and to estimate the GHTL.

The major indicator of SHTL is evidence of intra- and inter-test inconsistencies.
People with frequent personal experience of carrying out pure-tone audiometry by
manual techniques should be able to sense or observe unusually variable responses.
Usually these are due to inattention or inability, but also someone deliberately simu-
lating or exaggerating their hearing impairment will often show such variability. Crite-
ria of undue variability are difficult to define, and would in any event depend on the
exact method of test, but the tester should be encouraged to put a note with the
audiogram indicating any unusual degree of variability, which may then become an
indication for further investigation, for example by cortical electric response audio-
metry (CERA).

There are a number of special audiometric techniques which purport to enhance
the likelihood of SHTL being detected, for example that by Harris (1958). An abbrevi-
ated version of this suggested by Kerr et al. (1975) is performed as follows. The
threshold at 1 kHz, or at another frequency if more relevant, is tested in descending
10-dB steps starting from 90 dB HL, or greater if needed, until the claimant stops
responding. This is followed by an ascending 10-dB step series starting at =10 dB HL
until he responds. In cases of SHTL, the descending threshold will often be 10-30 dB
poorer than the ascending threshold; that is, there will be an ascending-descending

L
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gap in favour of the ascending threshold giving better results whereas in absence of
SHTL it usually yields slightly less sensitive thresholds.

Because NIHL usually affects both ears, seldom with large differences berween
them, the Stenger test is not appropriate for such cases. But in head or ear injury
claimants, the hearing loss often appears to be unilateral or affecting one ear very
much more than the other, and this difference is quite commonly spurious. For such
cases the audiometric Stenger test is an extremely effective detector of SHTL, as well
as giving a quantitative measure of the genuine left/right difference at the test fre-
quency selected. The reader is referred elsewhere for details of the test procedures
{Coles and Priede, 1971; Coles, 1982).

If sweep-frequency self-recording audiometry (SFSRA) is available as an additional
test or is used routinely, SHTL can often be detected by considering the relationship
of self-recorded thresholds using pulsed and continuous tone stimuli respectively, as
well as from the general features of the response. SHTL is not necessarily associated
with a ‘continuous-better-than-pulsed’ threshold; other patterns may occur. This is
partly, but not entirely, due to abnormal auditory adaptation, if present, offsetting any
“Type V' effect. An important feature of SFSRA is that it effectively prevents SHTL aris-
ing from observer error or bias, which of course can creep in with manual audiome-
try, especially when not conducted according to a strict protocol.

In order for claimants with an underlying NIHL to exagperate their hearing loss,
they may use a criterion of equal loudness. Due to recruitment of loudness at the fre-
quencies with true hearing loss, the audiometric contour tends to progressively flat-
ten according to the degree of exaggeration; that is, the more it becomes a loudness
response rather than a threshold response (see example depicted by Coles and
Priede, 1971, and the evidence from CERA tests in such cases given by Coles and

__Mason, 1984)7Thus, a flattened audiogram in cases of suspected NIHL is a feature
highly suggestive of SHTL, and CERA has been recommended in such cases whenever
the apparent a-c threshold at 0.5 kHz exceeds 35 dB (Alberti et al.,, 1978) or 25 dB
(Coles, 1982). The latter criterion should be adopted.

==K comparison of thresholds measured by a-c and b-c testing can also be useful in
the detection of SHTL. When b-c thresholds are appreciably better than the corres-
ponding a-c thresholds, this is usually taken as indicating the presence of CHL, but it
may in fact result from spurious measurements. Such an apparent difference in
thresholds (generally referred to as an air-bone gap if in this direction) does not nec-
essarily imply the existence of a conductive hearing loss. Moreover, a conductive loss
may arise from a disorder of the middle ear or may be a pseudo-conductive loss due
to ear canal collapse (see 5.2.3.2). Furthermore, middle-ear, spurious and pseudo-
conductive losses may coexist in varying degrees. To elucidate this complexity the
examiner may need to have recourse to the results of a variety of other tests. It
should be noted that similarity of the a-c and b-c thresholds does not of itself exclude
SHTL, because of individuals using a loudness criterion. It is also extremely unlikely
that a genuine full audiogram would show no difference at all between a-c and b-¢
thresholds at any frequency.

Inspection of the claimant's audiogram will suggest the degree of auditory disabil-
ity that the individual might reasonably be expected to have. If there is inconsistency
here with informal observations of the claimant’s evident hearing ability/disability, the
examiner should suspect SHTL.
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If facilities for speech audiometry are available, it is recommended to apply the
methods described by Coles and Priede (1976) or Fournier (1956). These will give a
more accurate quantification of speech hearing ability although losing the advantage
of informality. If the speech recognition threshold level relative to the normal biologi-
cal baseline is more than about 10 dB better than the average of the best two pure-
tone thresholds, SHTL can be suspected; if more than about 20 dB better, SHTL is
almost certain.

Cortical electric response audiometry is a method for detecting and quantifying
SHTL. However, it is not infallible and cannot replace methods of behavioural
audiometry, particularly because the information it can give on frequencies above
4 kHz is of limited value. Another feature is that CERA, unless declared to be a routine
test for all claimants, is psychologically intrusive because claimants submitted to this
test frequently realize that the medical examiner suspects them of malingering.
Nevertheless, this is not considered to be a serious objection to using it when indicated.

6.2 Estimation of genuine hearing threshold level (GHTL) in the
presence of SHTL

Occasionally, the Stenger test or speech audiometry will indicate thresholds in the
region of zero (i.e. normal hearing) which can therefore be taken as the GHTL. More
often these tests will merely indicate or suggest the presence of SHTL, and also that
the GHTL is not geeater than some level shown by that test. For these cases, it is nec-
essary to carry out CERA. Often, at any one sitting, this has to be limited to between
four and eight tests (e.g. two to four frequencies in each ear) because of the time
required which is associated with a deterioration in response, and to tests in the
0.5—4 kHz range. ‘Tests at 6 and 8 kHz can also be attempted, but only if responses at
all lower frequencies have been well defined. _

Very occasionally, CERA cannot be performed at all; for example, when subjects
keep falling asleep or when they persistently fidget or make muscle contractions. The
latter behaviour is sometimes deliberate, to foil the test: if this is suspected, the facts
of the situation and careful observation of the behaviour of the claimant should be
reported in detail.

The results of CERA usually lead to one of four interpretations. These are based
on the subjective/objective difference; that is, the behavioural threshold minus CERA
threshold, averaged over those frequencies that have been tested by both methods
(Coles and Mason, 1984).

® Occasionally the average difference is less than -10 dB, in which case the
CERA results should be discarded as being less sensitive than the behavioural
test results.

® If the average difference is in the range £10 dB, the behavioural audiogram

can be taken as corroborated by the CERA tests and the overall assessment
shouid be based on the former.

° If the average difference lies in the range +11 to +15 dB, there is strong sus-
picion of SHTL and another CERA test may be required, which preferably
should be carried out at another centre and without knowledge of the previ-
ous results. -
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. If the average difference is more than +15 dB, there is a high probability of
SHTL. In absence of cenvincing evidence to the contrary (e.g. from at least
two other CERA audiograms) the CERA thresholds should then be taken as
the definitive ones for disability assessment, without making any correction
for any supposed insensitivity of CERA. Of course that leaves a diagnostic
problem, but often there remains sufficient evidence for a diagnostic opinion
to be given, or further evidence can be obtained, for example from repeat
behavioural tests after explanation and reinstruction.

Summary of chapter recommendations

° When there is any indication of spurious hearing threshold levels, as defined
in 6.1, cortical electric response audiometry should be applied and interpret-
ed as described in 6.2.

X
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Chapter 7
Evaluation of attributable and
constitutional components

7.1 Principles of evaluation

As a general principle, attributable disability wilt be arrived at by first evaluating the
overall disability cotresponding to the actual hearing loss and then subtracting from
this the disability which could be ascribed solely to the constitutional part, or parts,
of the hearing loss (see definitions in Chapter 2). The following sections deal with
the components of hearing threshold level associated with age (AAHL) and with con-
ductive hearing loss (CHL) respectively. Determination of the notional disability due
1o a constitutional component, or combination of constitutional components, of the
hearing threshold level is described in 9.1.2.

Note: in most cases, CHL is a non-compensable component, but occasionally it
is the CHL itself which is compensable. In such clrcumstances, the procedures
given in 7.5.2 would apply equally well to the assessment of the amount of CHL
as a compensable disorder.

7.2  Evaluation of the decibel value of age-associated hearing loss

For any individual above the age of about 25, some element of AAHL will most prob-
ably be present, but it can only be measured when other components of SNHL are
known to be absent. This, however, will not be the case with claimants, in the nature
of things. Consequently, for the purposes of disability assessment, a notional attribu-
ton of AAHL according to age is unavoidable. For this Report, the median value for
the appropriate sex is used as this notional value, based on ISO 7029 which defines
the expected distributions of hearing threshold levels (HTL) for otologically normal
males and females as a function of age. The function has different parameters for
each audiometric frequency and for each sex. Only the median HTLs at 1,2 and 3
kHz are of interest here. The age range for which ISO 7029 is applicable is from 18 to
70 years inclusive.

Table Al in Annex A gives the median HTLs summed over 1, 2 and 3 kHz for males
and females between the ages of 18 and 80 years, to be used to allow for AAHL in this
Report. For this purpose, ISO 7029 has been extrapolated beyond its stated scope to
include subjects with ages between 71 and 80 years, and the data for the extended
age range are shown in italics. When the extended range of AAHL has been used for a
particular assessment, the medical examiner should qualify his report accordingly.
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7.3 Mandatory requirements

There are five main requirements for the evaluation of attributable hearing loss, as
follows:

. Measurement of the pure-tone airconduction hearing threshold levels.

] Diagnosis of its probable cause(s). This will include the taking of a full medi-
cal and occupational history, obrtzining a description of the effects of the hear-
ing loss and/or tinnitus on the claimant, clinical examination of the claiman,
and consideration of the air-conduction audiogram in terms of degree and
configuration of hearing losses in each ear. Bone-conduction audiometry will
also be required in most cases. Note that diagnoses will quite often have to
include conductive or sensorineural hearing loss of unknown origin.

° Quanification of the overall hearing impairment and disability, and an assess-
ment of handicap and of any tinnitus.
° Estimation of any constitutional impairment and disability, and thence of the

attributable disability, which is the disability attributable to the alleged
injury or disease and to any other injuries or diseases of like nature (usually
noise- or injury-induced, both compensable and non-compensable).

®  Apportionment of the attributable disability into its allegedly compensable
and non-compensable components.

7.4 Conditional and discretionary tests
| Additional tests which may be necessary or additionally helpful include the following:

I, ] ‘Indicator tests for spurious hearing threshold level (SHTL) and measurement

I tests for the genuine hearing threshold level (GHTL), as outlined in Chapter

2 i 6. SHTL may also be indicated by the following two items when compared
with the pure-tone audiogram.

. Tympanometry, complete with measurements of the acoustic reflexes to show
their presence or absence, character, threshold and decay. These will help to
corroborate or argue against presence of any conductive hearing loss, and
yield other diagnostic information in addition to being a useful indicator test
for SHTL.

® Speech audiometry. This may add further information on possible disability
and rehabilitational limitations, in addition to being a useful indicator test for
SHTL.

° Measurements of the most comfortable loudness level and of the threshold of
uncomfortable loudness, which may indicate hyperacusis and/or rehabilita-
tional limitations.

° Tinnitus tests (see C1 in Appendix C) to give some indication of the pitch and
loudness of the tinnitus and perhaps also its maskability.

] Vestibular function tests and auditory brainstem evoked responses, and per-
haps imaging and haematological tests, for differential diagnostic purposes.

el
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7.5

7.5.1

Evaluation of a conductive component of hearing loss

Relevant conductive bearing loss (CHL)

The relevant conductive loss element is that which, if present, can be positively
attributed to a disorder of the middle ear. Evaluation of this component is based
upon the difference between the hearing threshold levels (HTL) by air and bone con-
duction respectively, viz. the air-bone gap (ABG). However, the CHL is not in general
equal in magnitude to the ABG, for the reason described in 7.5.2(ii).

7.5.2

Note: in some cases a secondary cochlear component may be present. This
takes the form of a sensorincural loss conscquent upon the existence of a pri-
mary middle-ear disorder. Where the conductive disorder is non-compensable,
this secondary loss will form a non-compensable component of the overall sen-
sorineural loss, which also contains the essential compensable element. The
amount of secondary sensorincural loss is highly variable and depends upon
the nature of the primary middle-car disorder. However, this component does
not easily lend itself to quantitative evaluation. For the purposes of this Repor,
secondary sensorineural involvement will be deemed to be absent unless there
is convinclng evidence to the contrary. Clinical examination (e.g. fistula sign),
radiology of the internal ear, and history of car surgery or suggestive of suppur-
ative labyrinthitis or of erosion of the labyrinth may provide such evidence.
Additional evidence may be found in the claimant's medical records, perhaps
indicating conditions or complications likely to affect the internal ear or provid-
ing evidence of the progression of the hearing disorder, and also in the audio-
metric pattern and amount of a-c and b-c hearing loss, comparing between a-c
and b-c and between the two cars. Where there is such evidence, this sen-
sorineural component will constitute another identifiable (non-compensable or
compensable) component of the overall hearing loss for which an arbitrary
adjustment may be appropriate, the amount of such adjustment being at the
medical examiner’s discretion.

Evaluation of the decibel value of the CHL

The quantitative procedure for evaluating CHL is described in (i) and (lii) below. The
rationale for this procedure is outlined in (ii).

®

(i)

The measurements from which CHL is to be evaluated are the HTLs by air
conduction and bone conduction, in each ear, averaged over the frequencies
1, 2 and 3 kHz only, and measured in accordance with the procedures
described in 5.1.1 and 5.1.2 respectively. Each ear is to be considered sepa-
rately. The algebraic difference berween the averages for air and bone con-
duction respectively is the air-bone gap (ABG) expressed in decibels.

It must be appreciated that the ABG, as defined in (i), does not directly mea-
sure the amount of transmission loss of the middle ear. There are two rea-
sons for this (which are in addirion to any measurement error).

First, in the case of young otologically normal persons without any hear-
ing loss, there are statistical variations of both the air-conduction and bone-
conduction thresholds either side of the average values which, by definition,
are zero for both measures. Likewise, the difference (i.e. the ABG) also varies
around a mean value of zero, the observed standard deviation of the ABG for
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(i)

the three-frequency average HTL being of the order 5-6 dB. A large part of
this variability arises from individual differences in the acoustical and
mechanical parameters of ears and skulls. These anatomical variations are
not, of course, confined to young otologically normal persons, but apply
generally, and they give rise to an ineradicable uncertainty in the measure-
ment of individual air-bone gaps.

Secondly, where a conductive loss due to a middle-ear disorder is present,
the measured bone-conduction threshold is artificially raised (due to the so-
called Carhart effect). This has the tendency to yield an underestimate of the
true conductive loss. A qualitative explanation is that obstruction of the mid-
dle ear, for whatever reason, not only creates the conductive loss (the true
magnitude of which it is desired to evaluate), but also affects two of the three
pathways by which externally applied cranial vibrations are transmitted to the
cochlea. In normal ears, the Carhart effect is absent, but as a conductive loss
increases to the point where these pathways are virtually obliterated the
Carhart effect gradually increases from zero to a limiting value (of the order
15 dB for the three-frequency average). The course of the Carhart effect
between zero and its limiting value is indeterminate. Furthermore, the limit-

ing value is not identical for aH individuals.

There are two implications of these phenomena:

® Anatomical variations between individuals mean thart positive values of the
ABG exceeding 10 dB will be quite common, even in the complete
absence of conductive loss, and these will be matched by correspondingly
common occurrences of ~10 dB and even more negative values. Values
outside the range + 15 dB will also occur occasionally without their being
clinically significant; however, these are sufficiently rare that, as a working
rule, values of ABG exceeding +15 dB will be deemed to signify the
undoubted presence of an element of conductive loss. Conservatively,
ABG values of +15 dB and below (including negative values) are deemed
to be not significant for compensation purposes, even though this does
not exclude the possibility of there being some conductive loss in some
cases. These values apply to audiometry carefully conducted to the strice
rules described above (see 4.5.2 and 5.1.2).

® When the measured ABG is positive and large enough to indicate the
undoubted presence of CHL, the true magnitude of such loss will be larg-
er (by the amount of the Carhart effect) than might appear from the
observed value of the ABG. This, however, has to be offset by the fact that
the ABG is subject to the (indeterminate) uncertainty discussed above. In
practice, therefore, it is only possible to assert that the CHL in such cases
exceeds the value (ABG - 15) dB.

The phenomenz described in (ii) above are taken into account, in a simpli-

fied manner and as a reasonable compromise, to define a relation to be used

for determining the amount of CHL of the ear in question. The relation is as

shown in Table 7.1.
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Table 7.1 Magnitude of conductive hearing loss (CHL) to be used for assessment as a
function of the mcasured air-bone gap (ABG).

b Range of measured ABG averaged over Amount of CHL summed over
t‘ 1-2-3 kHz (d8) 1-2-3 kHz (dB)

I +15 and below (including negative values) Nil

( Between 15 and 30 6 X (ABG -15)

) 30 and over 3 X ABG

Note: the values in the second column are given in the form required for the evaluation described
in9.2.2.

The simplifications inherent in the above relations rest upon two opposing infiu-
ences: (a) the Carhart effect, which is assumed to increase linearly with CHL until it
attains its limiting value of 15 dB when the true CHL is 30 dB; (b) the uncertainties of
magnitude of the ABG (due both to the inherent statistical variations and to measure-
ment errors), which are accommodated by subtracting 15 dB from the measured
value of ABG.

' Note: the repeated occurrences of 15 dB in (a) and (b) are unrelated; the fact
: that they are numerically equal (1o the nearest 5 dB) is simply a coincidence.

Summary of chapter recommendations

; . The general principle of assessment of attributable disability is to evaluate the
' overall disability and then to subtract the notional disability due to the consti-
tutional components alone. _
, ® The notional disability due to constitutional components is obtained by con-
i verting the notional hearing threshold leve! due to those components into
disability. (The method for combining the notional components of HTL is
given in 9.2.)

° Estimation of conductive hearing loss from measurement of the air-bone gap
should take account of the possibility of positive air-bone gaps arising out of
biological variation and measurement uncertainty. A specific rule for deter-
mining the conductive hearing loss to be used in assessment calculations is
given in Table 7.1.
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Chapter 8
Tables for calculating
percentage disability

8.1 Source material and derivation

An outline of the methods used hitherto for assessing disability from the hearing
threshold levels is given in Chapter 3. Few previous methods can claim to have
attempted to determine the required refationship in a satisfactory quantitative man-
ner, and most owe more to intuition than to scientific method. Relevant data for this
purpose were, however, gathered in the course of the National Study of Hearing
(Davis, 1989) carried out by the MRC Institute of Hearing Research. Over 2000
records have been studied in which randomly selected members of the population
gave hearing threshold levels coupled with self-ratings of hearing ability on a scale of
0-100. These data have been analysed and presented in mathematical form (Lutman
and Robinson, 1992). For the purposes of the present report, the median darta from
that analysis have been adopted.

8.2 Basic relation between hearing threshold level and percentage
disability

The basic relation derived from the above-mentioned analysis applies to persons with
approximately equal hearing in both ears, and is expressed in the equations below.
The case of unequal ears is handled by an extension described in 8.3.

The average of the HTLs at 1, 2 and 3 kHz, denoted by H,3, is related to percent-
age disability, D, by

D = U - 408173exp(0.11712(4.08173 - U)] Equation 8.1
where
U = 100exp{ -exp(1.05594 -0.0125309H,, - 0.000185186H12;)]  Equation 8.2

The user of this Report will not need to employ the above equations directly, but sim-
ply to use Table A2 of Annex A which has been computed from them.
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Figure 8.1 Proposed scale relation of hearing disability to hearing impairment based on Lutman
and Robinson (1992). Disability is expressed as a percentage. impairment is expressed as the aver-
age of the hearing threshold levels at 1, 2 and 3 kHz measured in the beuer ear. The function is
shown broken for impairments above 90 dB where there was a paucity of data.

The features of the relationship may be seen in Figure 8.1. The growth of D with
H) a4 starts at Hy,3 = —10 dB HL and increases slowly at first, then at a more rapid
rate, and finally approaches the upper limit in a long-tailed manner.

Most previous published relationships have assumed the existence of a distinct
‘low fence’ a value of HTL below which there is zero disability and at which there is a
sharp discontinuity followed by a rapid increase in disability with increasing HTL.
This kind of relationship is not supported by the experimental evidence referred to
in 8.1, which points to a smooth transition from zero to finite values of percentage
disability without any discontinuity. Although the rate of increase for individuals
couid only have been observed if there had been a prospective study covering many
years, examination of the experimental data in question indicated that the smooth
transition is an inherent property and not merely an artefact of averaging.

8.3  Binaural evaluation
Hitherto the methods for taking unequal hearing into account have usually relied on

some arbitrary weighting of ‘better’ and 'worse’ ear, as described in 3.7. For the pre-
sent Report, a more logically based procedure has been devised. As a practical start-
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ing point, equal hearing in both ears is raken as the baseline, and inequalities are
handled as degradations from this baseline according to the amount by which the
worse ear differs from the better. Better and worse, in this context, refer to the mag-
nitudes of Hyzs. Two main effects result from such degradation, one of which, bin-
aural sensitivity loss, is more readily quantifiable than the other, binaural faculty loss.
These effects, though conceptually distinct, coexist and thus jointly affect the result-
ing disability. Quantitative evidence on binaural faculty loss is comparatively scanty,
and for this reason Table A2 has been restricted to the range of interaural HTL differ-
ences up to 50 dB.

Binaural sensitivity loss refers to a reduction of perceived loudness, and its magni-
tude can be calculated from published results relating to the difference of loudness
of sounds heard monaurally and binaurally by normal listeners. This loss can be
equated to a notional increase in the HTL of the better ear by discounting any contri-
bution by the worse ear. For an interaural HTL difference A (worse minus better ear),
the effective HTL of the better ear (H.g) is given by

H, = Hp,+10-33log(1 + 1074%%) Equation 8.3

This expression is equal to 33 when A = 0 (equal cars) and has a maximum value
of 10 dB above H;,3 when the worse ear contributes nothing.

Binaural faculty loss is reflected in impairment of the spatial localization of sounds
and decreased binaural ability to resolve spatially distinct dichotic signals; that is,
competing sounds such as speech in a noisy background or simultaneous conversa-
tions using both ears. Otologically normal persons rarely have ears that are exactly
matched, and interaural differences up to 5 dB can be considered normal in respect
of these faculties. Above this, the impairments increase gradually with the interaural
inequality, but the faculties are not completely extinguished unil there is quite a
large difference (the value 50 dB is assumed for this Report). The ability to resolve
competing sounds also deteriorates with increasing HTL, even with matched ears,
particularly in the case of sensorineural hearing loss (SNHL), and this is reflected in
the basic relation between HTL and percentage disability in 8.2, However, any addi-
tional impairment due to interaural inequality itself diminishes as the overall hearing
loss increases, and it is here assumed to do so in proportion to the amount of residu-
al hearing of the better ear (that is, it is proportional to 100% minus the disability
percentage for that ear). -

The principles outlined above are implemented in Table A2 as augmentations of
the percentage disability for a given HTL of the better ear. It was, of course, necessary
to this end to quantify the limiting percentage disability corresponding to total loss
of hearing in the worse ear, in order to ‘calibrate’ the sliding scale of augmentations
for different degrees of asymmetry. Direct determination of this limiting percentage
is, for obvious reasons, impractical, and it has to be derived from common sense and
clinical experience. A range of values has been postulated at various times, and for
the present Report a value within this range, namely 15%, has been deemed appro-
priate, of which up to 10% would be accountable to binaural faculty loss.

It should be noted that binaural sensitivity loss is expressed in decibels, and handled
as a correction to the HTL of the better ear. By contrast, binaural faculty loss is treat-
ed as an adjustment to percentage disability, even though its magnitude depends
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upon quantities expressed in the decibel domain viz. the HTLs of the two ears. The
user of this Report will not have to calculate any corrections for interaural asymmetry
explicitly as they are incorporated in Table A2.

8.4  Table of percentage disability

The table of percentage disability is laid out in Table A2 of Annex A in a simple form
for use. Each row corresponds to the HTL of the better ear, and each column corsre-
sponds to the difference of HTLs between worse and better ear. In order to avoid the
awkward fractions ending in 1/, which would result from averaging HTLs, the rows
and columns are labelled instead with the sums and differences of sums of HTLs at
the three frequencies. In keeping with the steps of 5 dB recommended for the
audiometry, rows and columns are given at intervals of 5 dB. The tabulated values of
percentage disability are rounded to the nearest 1%.

The range of HTL is from -10 to +120 dB (-30 10 +360 in terms of the sums);
interaural HTL differences are given from 0 to 50 dB (0 to 150 in terms of the differ-
ence of sums). The disability-rating data on which Table A2 rests do not justify exten-
sions to greater degrees of asymmerry,

An upper limit of 120 dB HL is assumed for a measurement at any frequency. It
follows that, for better-ear average HTLs above 70 dB (rows of Table A2 from 215
upwards), the range of interaural difference is restricted by the limit of 120 dB HL
attributable to the worse ear. For this reason, there are prohibited areas of Table A2,
indicated by blank entries.

Use of Table A2 in practice is described in 9.2.

Summary of chapter recommendations

. The scale relation used to convert impairment to disability follows the sig-
moid function shown in Figure 8.1.
° Allowance for loss of binaural sensitivity (Equation 8.3), loss of suprathresh-

old binaural faculties and the scale relation between impairment and disabili-
ty are incorporated in Table A2 of Annex A.




Chapter 9
Assessment of disability

9.1 General plan

As the principal objectives and applications of this Report will be for the assessment
of disability arising from noise-induced hearing loss (NIHL), this section is written in
terms of such assessment. It leaves the reader to adapt the principles and procedures
in as appropriate 2 manner as possible when applying them to disabilities arising
from other compensable sensorineural hearing loss or conductive hearing loss.

Figure 9.1 illustrates the sequence of events in the diagnosis of noise-induced
hearing loss and its assessment in terms of hearing disability, based on the proce-
dures recommended in this Report. But it could also be used as a framework, or
form of check-list, for diagnostic and quantitative assessment of NIHL under any
other compensation scheme.

9.1.1 Diagnosis of noise-induced bearing loss

The first requirement in the compensation assessment of a case of alleged NIHL must
be that of diagnosis. That is, at least part of the hearing impairment and disability
must be diagnosed as having probably been noise-induced. A description of how that
diagnosis is made is outside the scope of the present report and the reader should
refer to the relevant sections of textbooks (e.g. Alberti, 1987; Hinchcliffe, 1992) and
criteria for its diagnosis (Robinson, 1985).

The main inputs to the diagnosis of NIHL are shown in Figure 9.1. Comment will
be limited here to those items of importance that seem quite often to be omitted
from medicolegal reports on NIHL. These include a note of the claimant’s apparent
hearing ability while in the clinic, the approximate dates of such relevant events as
noticed hearing difficulty, tinnitus and other ear disorders, and experience and dura-
tion of post-exposure dullness of hearing and tinnitus. An attempt should be made to
quantify the noise exposure in terms of levels of noise, typical daily noise dose, num-
ber of days per year of such noise and number of years. This should be adjusted for
(estimated) degree and duration of use of earplugs or earmufs (see Appendix B) and
for the protective effect of CHL, according to its degree and how long it is believed or
known to have been present, the claimant’s medical records (GP, hospital, occupation-
al and military) being potentially helpful in this respect. These noise estimates should




—

Assessment of hearing disability 52

| Inputs 6-7 ,L »! Genuine HTLs

Non-noise-induced Overall hearing
Inputs 8-9 hearing impairment (dB) disability (%)
i _

(inputs 15
¥

Riagnosis
(NIHL,AAHL,

N / CHL, etc.)

y |

Non-noise-induced
hearing disabllity (%)

Noise-Induced hearing
disability (NIHD) (%)

' Y
(inputs 24 }- ~| Apportionment |
!

Portions of
NIHD (%)

Figure 9.1 Schematic representation of the process of assessment of hearing disability. An example
of noise-induced hearing loss is used. Boxes with thick borders represent outcomes of the process.

Key to inputs:
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2.
3.

4,
5.
6.

¥ w

Clinical history and examination

Noise level data or estimates

Noise exposure history, including estimates of daily and yearly exposure, adjusted for use of
hearing protection and for any conductive hearing loss (CHL)

Medical records

Epidemiological data relating hearing loss to noise exposure, sex and age

Pure-tone air-conduction and bone-conduction audiometry and other relevant audiological
data

Indications of spurious hearing threshold levels, and special audiometric tests if needed
Notional age-assaciated hearing loss (AAHL) based on age and sex of claimant

Other sensorineural hearing loss (SNHL)
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then be used to predict the range of hearing impairments that might arise from such
noise exposure, using the published epidemiological and statistical data on the rela-
tionships between hearing and noise exposure (Robinson, 1987, 1988a; with some
additional guidance from the tables given by Robinson and Shipton, 1977). The hear-
ing impairments actually measured should then be compared with these estimates
and with data on the hearing losses to-be expected as a function of age alone (BS
6951: 1988; ISO 7029: 1984; data also given in tabular form in Shipton, 1979) in
order to assess the probabilities of causation.

The diagnosis of NIHL should not be made unless there is reasonably quantitative
_.iformation on, or an estimate of, the hazardous noise exposure that is said to have
taken place. In the absence of such information, the medical examiner would be well
advised to make any diagnosis only provisional; that is, conditional on acoustical con-
firmation that there had indeed been sufficient noise exposure to have caused the
measured hearing impairments.

There are few claimants for compensation for NIHL in whom there is likely to be
no element of age-associated hearing loss (AAHL), and a probable element of AAHL
therefore needs to be stated as part of the diagnosis. Likewise, there may be contribu-
tions to the overall hearing impairment due to other factors, such as CHL, or congen-
ital, infective or traumatic SNHL. These also need to be identified diagnostically as far
as possible.

The above has assumed that the genuine hearing threshold levels (GHTL) have
been measured. It should be remembered however that in about 20 or 30% of com-
pensation cases there are spurious hearing threshold levels (SHTL). Therefore,
before going on to diagnosis and assessment of disability, careful consideration needs
to be given to the contents of 6.1 and 6.2 of this Report, covering detection of SHTL
and measurement of the GHTL respectively.

9.1.2 Assessment of overall and noise-induced bearing disability

Once the diagnosis of an element of NIHL is established, at least meeting the cri-
terion of ‘more probable than not’, and the overall hearing impairment measured is
believed to be genuine, the overall hearing disability likely to be associated with a
typical person having that GHTL can be derived from Table A2.

The attributable disability, in this case the noise-induced hearing disability
(NIHD), is obtained by simple subtraction of the constitutional disability, in this case
the non-noise-induced hearing disability (NNIHD), from the overall hearing disability
(OHD). In most cases the NNIHD is due to nothing more than the presumed compo-
nent of AAHL. In the absence of any evidence suggesting a greater or lesser than aver-
age degree of AAHL, or of other than the average audiometric configuration of AAHL,
ISO 7029 data are used to give the notional AAHL for the sex and age of the claimant.
‘The NNIHD is then derived from the notional AAHL based on the relation between
disability and Hy,3 described in 8.2.

If there are other non-compensable forms of hearing disorder present, in addition
to presumed AAHL, the total amount of non-noise-induced hearing impairment
(NNIHI) has to be estimated. In the case of CHL this can be quantified within certain
limitations and gqualifications specified in 7.5; it is then added to the notional AAHL
to give the NNIHI (Equation 9.2 in 9.2.3). With additional other cause(s) of SNHL,
the case is more complex since different forms of cochlear hearing losses are not
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arithmetically additive (Robinson, 1991b) and the assessor should use Equation 9.3
or 9.4 in 9.2.3 to calculate how much cochlear hearing impairment would be likely to
be present if there had been no noise exposure. To this is added any significant CHL
in order to derive the total NNIHL.

9.1.3 Apportionment

In many instances there has been only one relevant period of noise exposure, and
the NIHD is the final outcome of the assessment that is required. However, in some
cases there may have been (i) several different employers, which may include the mil-
itary, who exposed the claimant to hazardous amounts of noise, (ii) significant leisure
noise exposures, (iii) occupational noise exposure prior to the date when knowledge
of noise hazards in industry and means of prevention or protection became widely
available (in the UK most commonly taken to be 1963), (iv) noise exposure in cir-
cumstances of contributory negligence, for example when the claimant unreasonably
did not make proper use of earplugs or earmuffs provided for his protection. For all
these different periods of exposure, and types of noise including shooting and explo-
sive noises, the total NIHD has to be calculated and then apportioned. The proce-
dures recommended for this are outlined in 10.1.

9.2 How to use the tables

The percentage hearing disability, Dgyeran, corresponding to the overall hearing loss,
is to be evaluated in all cases by the procedure given in 9.2.1. For cases in which con-
stitutional elements of the hearing loss are involved, the procedure is given in 9.2.2
or9.2.3,

9.2.1 General procedure

Step 1 Combine the two (or more) determinations of the a-c thresholds at 1, 2 and
3 kHz according to the principles in 5.2.3.1 (see also Note 1 below). Sum the
resultant HTLs art 1, 2 and 3 kHz for each ear and note the better ear for use
with Table A2,

Note 1: where determinations differ by 0 or 5 dB, the better HTL should be
taken. Where they differ by 10 dB, the average should be taken.

Step 2 Calculate the difference of the sums (worse ear minus better ear) for use with
Table A2,

Note 2: cases in which the difference exceeds 150 may be evaluated by assum-
ing a value of 150, bur as such cases tend to be exceptional special considera-
tions may apply.

Step 3 Enter the appropriate row and column of Table A2 and read the percentage
disability directly.




Assessment of disability ' 55

9.2.2 Procedure when there is a single constitutional element

When there is only one constitutional element, the notional HTLs of each ear that
would have existed in the absence of the element attributable to the alleged injury
and any other injury of like nature are first determined by the methods given in 7.4
(in the case of AAHL) or 7.5.2 (in the case of CHL). These values are then coaverted
to the notional percentage disability (Deonsud) uSing the procedure in 9.2.1. The
attriburable disability is given by:

Dmﬁ =D ovarall D:cam'l Equation 2.1

If D g s IS greater than Doyery, the value of D, should be taken to be zero.

Note 1: in most cases there will be an element of AAHL. For convenience, Table
A3 of Annex A gives disability values directly for males and females between the
ages of 18 and 80 years. This table may be used in uncomplicated instances of
AAHL instead of using both Table A1 and Table A2.

Note 2: it is possible that Degaee may exceed Dy in the case of AAHL, because
the notional values of HTL given in Table Al arc derived from median data. In
the casc of a particular individual, this median value may exceed the whole
hearing loss. The apparent paradox arises from the fact that the true threshold
shift attributable to AAHL cannot be determined for an individual ear when

other hearing losses are overlaid.

Note 3: even where the claimant is young and thercfore the notional AAHL is
zer0, Do Will have a value of 2% (see ‘Table AZ).

9.2.3 Procedure when there is more than one constitutional element

When there is more than one constitutional element, the combined impairment due
to these elements has first to be estimated for each ear. The procedure is then as
above. The combined sum of HTLs over the frequencies 1, 2 and 3 kHz (ZA) duetoa
conductive component LHc and a sensorineural component LH; (e.g. AAHL) is given

by:

TH = LH, + LH; Equation 9.2

The sensorineural component may itself be the result of more than one sub-compo-
nent of SNHL. When there are such multiple sub-components, LHg, LHg, LH; etc.,
the combined SNHL component is obtained from the following formula:

TH,=360[1-(1-XH,,/360)(1 -XH/360)(1 -EHQI%O)---] Equation 9.3

Note: this is to be applied to the sums of HTLs over the frequencies 1, 2 and 3
kHz and is based on the work of Robinson (1991b).
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In the case of two sub-components only (e.g. AAHL and NIHL) this formula reduces
to: :

TH, = TH, +3H,, ~(XH, x XH_)/360 Equation 9.4
Worked examples of the above procedures are given in Appendix A.
Summary of chapter recommendations

. Diagnosis of noise-induced hearing loss should depend on the characteristics
of the hearing loss and the impairment expected from the extent of noise
exposure, both in relation to age-associated hearing loss,

- Noise-induced hearing disability should be calculated as the difference
between the overali hearing disability and the notional hearing disability due
to any constitutional hearing loss (Equation 9.1), or due to a combination of
constitutional impairments.

. The combination of more than on¢ constitutional element depends on
whether they are conductive or sensorineural (Equations 9.2 and 9.3).
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Chapter 10
Additional assessment
procedures

10.1 Retrospective assessment and rules for apportionment
10.1.1 Derivation of rules for apportionment

In general, assessment of noise-induced hearing disability (NIHD) will be based on
current hearing impairment, although in some cases there will be acceptable audio-
metric data from previous measurements. Lack of previous measurements poses a
problem when it is required to apportion NIHD between two (or more) episodes of
noise exposure. For example, an individual may have been exposed to noise for two
periods of employment with different employers and it is necessary 1o determine
how much of the NIHD is attributable to each employer. In the absence of audiomet-
ric measurements obtained before and after each period of nolse exposure, appor-
tionment must be based on a theoretical description of how NIHD is expected to
accrue under the particular circumstances of exposure. This section describes a
method of apportionment based on the theoretical model described by Lutman
(1992). It is restricted to exposure to non-impulsive noise. Where there has been
exposure to highly impulsive noise (e.g. gunfire), recommendations regarding appor-
tionment are left to the discretion of the medical examiner.

A fundamental assumption of this method is that apportionment is in the domain
of disability, rather than in the domain of impairment. The apportionment model
makes use of an impairment model proposed by Robinson (1987) to account for the
effects of age and noise exposure on hearing threshold levels and extended to multi-
ple episodes of noise exposure by Robinson (1991b). This is transformed to the dis-
ability domain using the relationship berween disability and impairment proposed by
Lutman and Robinson (1992) and also described in Chapter 8 of this Report. Examin-
ation of the properties of this disability model by Lutman (1992) indicated that it
could be approximated with reasonable accuracy by a simplified relationship of the
following form:

"D ey Tx(L,-84) Equation 10.1
ist
where D is the total NIHD (current assessment),
T, is the duration of the fth episode of noise exposure and L, is the A-weighted

T p— s
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equivalent continuous sound pressure level in decibels of the ith episode of
noise exposure, integrated over an 8-hour working day (Lgpa)-

In other words, the total NIHD is proportional to the sum of the products obtained
for the component episodes, where each product is obtained by multiplying the
duration by the Lg, minus 84 dB. For example, if 2 man is exposed to an Lpy of
90 dB(A) for 10 years, followed by an exposure to an Lggy of 95 dB(A) for 5 years, the
toral NIHD is proportional to the sum of (90 - 84) x 10 and (95 - 84) x 5, that is, 60
plus 55. The consequence is that the NIHD should be apportioned in the ratio 60:55.
The percentage NIHD to be apportioned is that based on the current assessment.

10.1.2 Metbod of apportionment

Step 1 For each episode of noise exposure to be considered, it is necessary to deter-
mine the duration of the episode and the Lgy,. The latter is integrated over
the normal working day and applies to jobs where a similar value obtains for
each day of the week. Where the daily work schedule varies substantially, a
calculation will be required to establish 2 weekly measure (L) Methods for
determining Lgpy and Ly, values are described in Health and Safety Executive
(1989). Where the pattern of working varies from week to week, it will be
necessary to split the episode into two or more overlapping components,
each with a different noise level, making adjusuments to the durations accord-
ingly. For example, if one episode lasted for 5 years and had a cycle of two
weeks at 90 dB(A) followed by three wecks at 85 dB(A), this should be con-
sidered as an episode lasting two years at 90 dB(A) plus another episode at
85 dB(A) lasting three years.

Note 1: in determining the value of Lgpy OF Lgg,, to be used for this pur-
pose, allowance must be made for the regular use of hearing protec-
tion. An allowance should be subtracted from Lgp, or Lgp,, for the years
protected if it is understood that hearing protection was used virtually
every time the individual was exposed to hazardous levels of noise: oth-
erwise no allowance should be made. Guidelines on the allowances to
be made are given in Appendix B.

Step 2 For each episode of noise exposure the product of the duration in years and
the A-weighted equivalent continuous sound pressure level minus 84 dB{A)
must be calculated.

Note 2: for convenience, Table Ad in Appendix A gives this product for
levels berween 85 and 105 dB(A) and durations between 1 and 45
years. For levels of 84 dB(A) or less, the product is deemed to be zero.
Any other combinations must be calculated dircctly.

Step 3 The NIHD is calculated from the audiometric measurements obtained at the
current assessment, as described in Chapter 9 to give a percentage disability
value.
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Step 4 The percentage disability is divided (apportioned) in the ratio of the products
obtained in Step 2 above.

A worked example requiring apportionment is given in Appendix A as Example 10.
10.2 Prognostic assessment

In the years following an assessment, the hearing of an individual can be expected to
deteriorate due to ageing, with a consequent increase in hearing disability. However,
the NIHD may not increase given thac it is defined as the difference between the dis-
ability of the exposed individual minus the expected disability for a non-exposed per-
son of the same age and sex (control). The NIHD may either increase or decrease,
depending on the relative increases in disability for the exposed individual and the
control. This, in wrn, depends on (a) the rates of increase in impairment with age in
the individual and the control, and also (b) the slope of the disability versus impair-
ment function in the region of interest. Factor (a) is greater for the control (Robin-
son, 1987), whereas factor (b) is greater for the exposed (more-impaired) individual
and thus there is a balance between the two. Lutman (1992) has conducted comput-
er simulations for wide ranges of noise exposure, ages of exposure and ages of
assessment and concluded that NIHD may increase with age after the assessment, but
that the increase is very slight. It is within the range of variation that could be encom-
passed by changing the assumptions of the computer model.

For the purposes of this Report, the anticipated increase in NIHD after the date of
assessment, sometimes referred 10 as the prognosis allowance, is deemed to be zero.

10.3 Other considerations

In individual cases, other considerations may have to be taken into account, judged
on their own merits. Such considerations may include any tinnitus suffered by the
claimant, any vestibular malfunction and the benefit that is to be expected from the
use of hearing aids. Prescriptive recommendations to cater for such instances are out-
side the scope of this Report and no recommendations are given in its main body.
However, general guidance is included in Appendix C.

Summary of chapter recommendations

® Apportionment of disability between different episodes of noise exposure
should be according to Equation 10.1.
. No allowance should be made for prognosis of noise-induced hearing disabil-

ity.




61

Chapter 11
Contents of the
medicolegal report

In addition to the patient’s name, sex, date of birth, date of examination, present and
past medical history (with dates of onset and occurrences) and relevant past history,
the report should include a full account of the occupational and/or injury history.
The conclusions should cover the following:

Quantitative statements

Impairment. Quantitative statement (or audiogram) of the a-c hearing thresh-
old levels in each ear at 0.25, 0.5, 1, 2, 3, 4,6 and 8 kHz and of the 1, 2, 3
kHz average. Likewise, a quantitative statement of the b-c thresholds at 1, 2,
and 3 kHz where measured, with the 1, 2, 3 kHz b-c averages and average
air-bone gaps. A statement is also needed concerning any doubt the tester
may have as to the validity of the claimant’s responses.

. Disability. Quantitative estimates of the overall, constitutional and attribut-
able hearing disability calculated from the above data.

° Apportionment. Statement of any information or opinion helpful for appor-
tionment.

L Quality assurance. Technical data and quality assurance statements (see 4.4,
4.5 and 5.1.3).

Qualitative statements

L Diagnosis. Statement of all factors believed to be substantial contributors to

the measured hearing impairment, including an estimation of their relative
likelihood and magnitude of effect. Where applicable, the statement should
include an estimate of the amount(s) of occupational, leisure and military
noise exposure (levels; daily durations, days per year and years; stated dates,
extent of usage and type of hearing protection) on which the diagnosis or
any apportionment opinion has been based.

Note 1: diagnoses in most claimants are likely to be multiple, few hav-
ing no probable element of age-related hearing loss.

Note 2: SNHL of unknown origin is an acceptable and not
uncommon diagnosis.
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Disability qualifications. A semi-quantitative opinion is needed on any rea-
sons for regarding the disability to have been under- or over-assessed; for
example from evidence of speech audiometric tests and detailed description
of hearing difficulties encountered.

Handicap. A semi-quantitative opinion on any factors apparently causing
greater or lesser handicap for that particular claimant than is to be expected
in the average person with the degree of disability calculated or additionally
described above.

Tinnitus. An opinion on the probable cause of the tinnitus. Also a semi-quan-
titative opinion (see Appendix C) on the ‘severity’ of any tinnitus. This might
be stated on the following descriptive scale:

‘Irivial — Slight - Moderate - Severe —Very Severe

Prognosis. Opinion on (a) the most likely prognosis of the hearing disorder
and/or other relevant symptoms, including tinnitus, and (b) of their possible
prognoses, quantifying as far as possible the likelihood and degree of any
improvement, deterioration or new development.

Treatment. Opinion on any advisable treatment available from public funds
or privately, indicating the probable degrees of amelioration to be expected,
their likely costs and relative benefits.

Explanations. Sufficient explanation of the bases of any diagnostic opinion,
quantification of impairment, disability or handicap, or any other matter in
the report that is not self-evident.

Otber comments. Statement of any other factor(s) that may possibly be rele-
vant.

Summary of chapter recommendations

The medicolegal report should contain all the items listed in this chapter.
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Chapter 12
Summary and
recommendations

Previous chapters have concluded with short lists of recommendations. In this chap-
ter, those recommendations are brought together, in some instances being combined
or expanded. They are arranged according to the following classification: principles
and assumptions, main recommendations, general requirements, detailed recom-
mendations, general guidance, implementation. Where appropriate, reference is
made to specific sections of the Report.

Principles and assumptions

1.

2.

Indirect assessment of disability via a (verifiable) audiometric surrogate is
necessary in absence of any satisfactory method of direct assessment.
Assessment should focus on the disability expected in the typical (median)
person for a given degree of impairment. _

Preference is given to data on the self-rating of disability in the determination
of the relationship between disability and impairment, as opposed to mea-
sures based on performance tests.

Allowance for age-associated hearing loss should correspond to the impair-
ment expected in the typical (median) person of the same age and sex
(notional control subject) as the claimant.

In making such allowance, by comparing the claimant with the notional con-
trol subject, differences should be computed in the domain of disability. The
general principle of assessment of compensable disability is to evaluate the
overall disability and then to subtract the disability calculated by omitting the
attributable component of the hearing loss. This subtraction is expressed in
Equation 9.1.

Main recommendations

The audiometric surrogate for disability should be the average of the pure-
tone thresholds at the frequencies 1, 2 and 3 kHz.

The scale relation between disability and hearing threshold level that should
be used is curvilinear over the whole range and derived from experimental
data. The recommended relationship is illustrated in Figure 8.1 and is
embodied in Table A2 of Annex A.
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11.

12,

13.

14.

A concrete proposal is made concerning disability when the sensitivity of the
ears is unequal. This involves adjustment for the loss of binaural sensitivity
and also the loss of supra-threshold binaural faculties which assist in localiza-
tion and processing signals in noise. The adjustment for loss of binaural sens-
itivity is given by Equation 8.3. This, and also adjustment for loss of supra-
threshold binaural faculties, is embodied in Table A2 of Annex A.

Allowance for age-associated hearing loss should be according to ISO 7029.
The notional disability due to constitutional components is obtained by con-
verting the notional hearing threshold level due to those components into
disability.

In calculating notional constitutional hearing loss, the rule for combination of
more than one element depends on whether they are conductive or sensori-
neural. Specific rules for combination are given by Equations 9.2 and 9.3,
Estimation of conductive hearing loss from measurement of the air-bone gap
should take account of the possibility of positive air-bone gaps arising out of
biological variation and measurement uncertainty. A specific rule for deter-
mining the conductive hearing loss to be used in assessment calculations is
given in Table 7.1.

Apportionment of disability between different episodes of noise exposure,
should be based on the noise levels and durations of the exposures and
whether hearing protection was worn during each exposure. A specific rule
for apportionment calculations is given by Equation 10.1.

No allowance should be made for prognosis of noise-induced hearing disabil-

ity.

General requirements

15.
16.

17.

Basic audiometric testing and reporting of results should follow the methods
recommended by the British Society of Audiology.

Testing should be carried out by an appropriately qualified person, as defined
in 5.3,

It is the responsibility of the medical examiner to ensure appropriate quality
assurance, including adequate audiometer calibration.

Detailed recommendations

18.

19.
20.

21.

22.

Equipment for audiometry should comply with BS 5966 with a direct link to
national standards for hearing levels.

The use of noise-excluding earphone enclosures is not recommended.
Background noise levels for audiometry should preferably meet the require-
ments of BS 6655, but will be acceptable for measurements at 1, 2 and 3 kHz
if they meet the relaxed requirements given in Table 4.1.

Two separate determinations should be made of each of the air-conduction
thresholds at 1, 2 and 3 kHz for each ear.

When there is any indication of spurious hearing threshold levels, as defined
in 6.1, cortical electric response audiometry should be applied and interpret-
ed as described in 6.2.
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Summary and recommendations

General guidance

23. Diagnosis of noise-induced hearing loss should depend on the characteristics
of the hearing loss and the hearing loss expected from the extent of noise
exposure, both in relation to the expected age-associated hearing loss.

24. The medicolegal report should contain all the items listed in Chapter 11.

Implementation

25. The Working Group recommends that this Report be regarded as superseding
the recommendations of the former working group that reported in 1983.

e,

T B e L
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List of symbols
and abbreviations

AAHL
AAOO
AATS
ABG
ABR
a-Cc
ACAE

ART

BAAP
BAOL
b-c
BS
BSA

CERA
CHABA

CHL
dB
dB(A)

DHSS
DSS

GHTL

age-associated hearing loss

American Academy of Ophthalmology and Otolaryngology
age-associated threshold shift

air-bone gap

auditory brainstem response

air conduction

Advisory Committee on Audiological Equipment (DHSS)
American Medical Association

acoustic reflex threshold” -

British Association of Audiological Physicians

British Association of Otolaryngologists

bone conduction

British Standard (of the British Standards Institution)
British Society of Audiology

cortical electric response audiometry

Committee on Hearing Bioacoustics and Biomechanics (of the US
National Academy of Science)

conductive hearing loss

percentage disability (with subscripts denoting its attribution)
decibel, unit of level

unit of A-weighted sound pressure level

Department of Health and Social Security, UK

Department of Social Security, UK

frequency (of pure tone)”

genuine hearing threshold level

* Found only in the Glossary.
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H

HL
EHMS
HPL
HPLE
HTL
Hz

IEC

ISO

Lgpy

mm? .
MRC

NAMAS
NEH
NIHD
NIHL
NIPTS
NLDE
NNIHD
'NPL
NSH

ODSs
OHD
PTS
RETFL

RETSPL
RSRTL

SFSRA
SHL
SHTL
SL

hearing threshold level (with subscript denoting relevant audiometric
frequencies or ascribing the HTL to a disorder)

hearing level in dB (produced by an audiometer)

Hearing Measurement Scale (W.G. Noble)

half-peak level (in speech audiometry)*

half-peak level elevation (in speech audiometry)*

hearing threshold level (of an ear)

hertz, unit of frequency

International Electrotechnical Commission (also prefix to

Standards issued by IEC)

International Organization for Standardization (also prefix to Standards
issued by 1SO)

kilohertz

sound pressure level
daily noise exposure level. Also Ly, — weekly

square millimetres
Medical Research Council, UK

newton, unit of force

National Measurement Accreditation Service, UK
noise exposure history

noise-induced hearing disability

noise-induced hearing loss

noise-induced permanent threshold shift*

noise level data/estimates

non-noise-induced hearing disability

National Physical Laboratory, UK

National Study of Hearing (conducted by MRC Institute of
Hearing Research)

optimum discrimination score”
overall hearing disability

permanent threshold shift”

reference equivalent threshold (vibratory) force level”
reference equivalent threshold sound pressure level”
reference speech recognition threshold level®

sweep-frequency self-recording audiometry (or audiometer)
speech hearing level”

spurious hearing threshold level

sensation level”
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SLM
SNHL
SPL
SRT
SRTL

T
TTS

u
WHO

A

uN
pPa

IH

sound level meter”

sensorineural hearing loss

sound pressure level®

speech reception level”

speech recognition threshold level”

duration of noise exposure
temporary threshold shift”

parameter used in the formula for D
World Health Organization
interaural HTL difference

micronewton
micropascal

sum of HILs at 1, 2 and 3 kHz
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Glossary

The definitions below are taken mainly from ISO, IEC and WHO, adapted where nec-
essary.

air conduction (a-c)
The transmission of sound through the outer and middie ear to the internal ear.

acoustic admittance
Reciprocal of acoustic impedance.

acoustic coupler
A cavity of specified shape and volume which is used for the calibration of an ear-

phone in conjunction with a calibrated microphone to measure the sound pressure
developed within the cavity. A simplified type of artificial ear.

acoustic impedance
Quotient of a sound pressure by the volume velocity produced by it.

acoustic reflex
Contraction of the stapedius muscle in response to an auditory eliciting stimulus.

acoustic reflex threshold (ART)
The least sound pressure level of a sound that elicits the acoustic reflex.

admittance (aural)
See immittance.

age-associated hearing loss (AAHL)
Term used to describe hearing loss primarily related to age but which may include

components with unidentified aetiology. See presbyacusis.

air-bone gap (ABG)
Of an ear, hearing threshold level by air conduction minus hearing threshold level by

bone conduction.
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apportionment

The division of one or more measures of malfunction of the auditory system, or their
effects, into components attributable to various causes according to their relative
contributions (known, inferred, or estimated). In its quantitative connotation, appor-
tionment is applied to percentage disability or, for some purposes, to threshold shifts
in decibels.

articulation function
See speech recognition curve (synonymous).

artificial ear

A device for the calibration of an earphone which presents to the earphone an acous-
tic impedance equivalent to the impedance presented by the average human ear. It is
equipped with a calibrated microphone for the measurement of the sound pressure
developed by the earphone. See ear simulator; acoustic coupler.

artificial mastoid

A device used to load a bone vibrator, dynamically and statically, enabling the bone
vibrator to be calibrated. The device includes a mechano-electric transducer (usually
piezoelectric). The mechanical impedance of the device is made to simulate that pre-
sented to a vibrator when placed over the average human mastoid process. Used to
calibrate bone-conduction audiometers and to test bone-conduction hearing aids.
See mechanical coupler.

audiogram
Pure-tone audiogram: a chart or table of a person’s hearing threshold levels for pure
tones at different frequencies. See also speech audiogram.

- audiometer
Pure-tone audiometer: an electroacoustical instrument, equipped (for air conduc-
"tion) with two earphones and heddset, which provides pure tones of specified
frequencies at known sound pressure levels, used to determine hearing threshold
levels, one ear at a time. For bone conduction the audiometer is also equipped with
a bone vibrator. For clinical use, both facilities are required, as well as means of gen-
erating calibrated masking noise; an input port is also usually provided for connec-
tion to an external signal source.

A manual audiometer is one in which the signal presentations, frequency and hearing
level selection, and the noting of the subject’s responses, are performed manually.

A self-recording audiometer (also known as an automatic-recording audiometer) is
one in which the frequency selection or variation and the recording of the subject’s
responses are implemented automatically, and in which the level increases or
decreases continuously with the direction of change under the subject’s control. A
selt-recording audiometer may have facilities for presenting fixed frequencies or a
continuously variable (sweep) frequency, or both; it may also provide both continu-
ous and pulsed tone outputs (see Békésy audiometry).
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A computer-controlled audiometer is one in which the control functions, and often
the calculation and display of hearing threshold levels derived from the subject’s
responses, are implemented by a computer.

A speech audiometer is an instrument for the measurement of hearing using speech
test material. A pure-tone audiometer is often adaptable to a speech audiometer by
using the external input port.

andiometric zero
See reference zero (synonymous).

audiometry
Measurement of auditory function.

Pure-tone audiometry usually means the determination of a person’s hearing
threshold levels for pure tones by air conduction under monaural earphone listening
conditions, or by bone conduction. See also Békésy audiometry; immittance
audiometry; speech audiometry.

A-weighted sound pressure level

The sound pressure level of a signal which has been passed through an A filter
whereby both low- and high-frequency components are atienuated without affecting
the components near 1000 Hz. The unit is the decibel but it is usual to distinguish
between this and other uses of the decibel by writing the unit as dB(A). See fre-
quency weighting.

bandwidth .

The difference between the upper and lower limits of a frequency band. Bandwidth
may be expressed in hertz (Hz) or as a fraction of an octave centred on the mid-fre-
quency of the band (usually the geometric centre frequency).

Békésy audiometry

A form of self-recording pure-tone audiometry in which diagnostic usc can be made
of differences between the thresholds obtained using pulsed and continuous tone
presentations. It is recommended to reserve this term for audiometry using a contin-
uous frequency sweep (glide tone) to distinguish it from self.recording audiometry
using fixed frequencies.

binaural squelch

The effective increase in signal-to-noise ratio conferred by binaural hearing when the
signal and noise sources are at different angles of incidence. The binaural squelch
effect arises out of cues available from differences in intensity and time-of-arrival of
the signals at the two ears.

bone conduction (b-c)
The transmission of sound to the internal ear primarily by means of mechanical

vibration of the cranial bones.
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bone vibrator
An electromechanical transducer designed to produce the sensation of hearing by
vibrating the cranial bones.

complance
See immittance,

conductive hearing loss (CHL)
Hearing loss caused by blockage of the outer ear or by derangement of the middle
ear, resulting in a reduction of sound energy reaching the internal ear.

coupler
See acoustic coupler; mechanical coupler.

decibel (dB)

The unit for measuring the relative magnitude of a quantity based on a logarithmic
scale. See sound pressure level; A-weighted sound pressure level; bearing level; bear-
ing threshold level.

disability

In the general context of health experience, a disability is defined by WHO as any
restriction or lack (resulting from an impairment) of ability to perform an activity in
the manner or within the range considered normal for a human being. Disability rep-
resents disturbances at the level of the person and which express themselves in
everyday life.

discrimination score
See speech recognition score (Synonymous).

carmuff
A hearing protector designed to enclose the pinna.

earphone
An electroacoustic transducer operating from an electrical system to an acoustic sys-

tem and designed to be applied to the ear, usually without leakage. See beadphones.

earplug
A hearing protector which is inserted into the ear canal.

ear protector |
See bearing protector.

car simulator
Synonymous with artificial ear, but now the preferred term.

filter
A device which modifies the frequency spectrum of a signal, usually while it is in
electrical form.
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frequency
The rate of vibration of air particles which constitutes 2 sound. The unit is the hertz
(Hz) equal to one cycle per second.

frequency band
A frequency interval which has an upper and lower limit and includes all the frequen-
cies within this range. See bandwidth.

frequency weighting

Modification of the frequency spectrum of a signal by means of a filter having one of
the standardized response characteristics known as W, ‘B', ‘C’ etc. The ‘A’ weighting
is the most commonly used.

balf optimum speech recognition level

For a given listener with an optimum speech recognition score of less than 100%, for
a specified speech signal and a specified manner of signal presentation, the speech
Jevel at which half of the optimum speech recognition score is obtained and which is
lower than the optimum speech level. See speech level; optimum speech level; opti-
mum speech recognition score.

half-peak level (HPL)
See balf optimum speech recognition level (synonymous).

half-peak level elevation (HPLE)
Of a given ear, the difference between balf optimum speech recognition level and the
reference speech recognition threshold level.

handicap

In the general context of health experience, a handicap is defined by WHO as a disad-
vantage for a given individual, resulting from an impairment or 4 disability, that limits
or prevents the fulfilment of a role that is normal (depending on age, sex and social
and cultural factors) for that individual.

head shadow

The difference in sound levels arriving at the two ears when the direction of incident
sound is at an angle to the median plane. The effect of head shadow is greater at high
frequencies than low frequencies.

headphones
An assembly comprising two earphones and a2 headband or equivalent device to hold
these in place with a specified force.

hearing level (HL)

For a pure tone, at a specified frequency, type of transducer and manner of applica-
tion, the sound pressure level (or the vibratory force level) of a pure tone, produced
by the transducer in a specified artificial ear or acoustic coupler (or mechanical coup-
ler) minus the appropriate reference equivalent threshold sound pressure level (or
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reference equivalent threshold force level). For a correctly calibrated audiometer it is
equal to the dial setting.

hearing level for speech
See speech bearing level (synonymous).

hearing loss

The amount by which an individual's hearing threshold level changes for the worse
as a result of some adverse influence, expressed in decibels. Also used loosely to
mean a symptom of hearing disorder, and also (but incorrectly) as a synonym for
bearing threshold level. Note that a person whose hearing has changed from -15 to
-5 dB hearing threshold level has suffered a loss, but a person who started with and
still has a hearing threshold level of +5 dB (or for that matier +15 dB) has lost noth-
ing. The term bearing loss is also used in conjunction with descriptors, €.g. 4ge-asso-
ciated, noise-induced, conductive, sensorineural etc.

hearing protector
A general term embracing earmuff, earplug and helmet (or other noise-excluding
device) worn on the head or in the ear canal.

hearing threshold level (HTL)

Of a given car, for a specified frequency and type of transducer, the threshold of hear-
ing at that frequency, expressed as bearing level. Note that bearing thresbold level is
a property of the ear under test whereas bearing level refers only to the sound (or
vibration) generated by a measuring instrument.

hertz (Hz)
The unit of frequency (see frequency).

immittance (aural)

A generic term embracing acoustic impedance, acoustic admittance, acoustic compli-
ance, equivalent air volume, and related quantities determined by immittance
audiometry.

immittance audiometry
Determination of the acoustic properties (impedance, admittance etc.) of the middle
ear. See tympanometry; acoustic reflex thresbold. :

impairment

In the general context of health experience, an impairment is defined by WHO as any
loss or abnormality of psychological, physiological, or anatomical structure of func-
tion. Impairments represent disturbances at the level of the organ. '

impedance (acoustic)
See immittance.
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masking

1. The process by which the threshold of hearing of one sound is raised due to the
presence of another sound (the ‘masker"), usually noise.

2. The amount by which the bearing threshold level {or speech recognition thresbold
level) of a given ear is 5o raised (masking threshold shift), expressed in decibels.

Ipsilateral masking refers to the masking of a signal by a noise delivered to the same
ear as the signal.

Contralateral masking occurs where the noise has its masking effect on a signal
reaching the non-test (contralateral) ear.

Cross-masking occurs where the noise, delivered contralaterally, crosses the head
and then reaches the test ear, so masking the signal in the test ear.

Central masking refers to the case where noise causes a threshold elevation in the
absence of, or additional to, any ipstlateral, contralateral or cross-masking effect; it is
due to interactions within the central nervous system between the separate neural
inputs derived from the signal and the noise.

mechanical coupler

A device designed to present a specified mechanical impedance to a vibrator applied
with a specified static force and equipped with a mechano-electrical transducer to
measure the vibratory force level at the surface of contact between vibrator and
mechanical coupler. A simplifed kind of artificial mastold.

mechanical impedance .
Quotient of a vibratory force by the vibratory velocity it produces.

noise

1. In general, any sound which is undesired by the recipient. In the context of assess-
ing hearing damage any audible extraneous sound should be regarded as noise.

2. A class of sound, derived from an electrical signal and used for specific test pur-
poses, e.g. in audiology, characterized by having a continuous spectrum over 2
defined frequency band.

Wideband noise consists of a wide range of audio frequencies.

Narrow band noise (e.g. one-third-octave band noise) consists of all frequencies
within the band and negligible power outside the band.

White noise has equal power per unit bandwidth over a specified frequency range.

Pink noise has equal power in equal percentage bandwidths (i.e. in bands f; to f;
where f,/f; is constant), over a specified frequency range.

Random noise is a signal whose instantaneous value varies randomly with time.
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noise-excluding headset
A headphone set in which each earphone is surrounded by an earcup to provide
additional attenuation of ambient noise.

occluded car simulator
A device simulating the acoustic properties of the tympanic membrane and its
attached structures.

occlusion effect

Generally applied to the change (usually an increase) in level of a bone-conducted
signal reaching the internal ear when an earphone or an earplug is placed over or at
the entrance of the ear canal, thereby forming an enclosed air volume in the external
ear. The effect is greatest at low frequencies.

octave

A frequency ratio of 2 to 1. An octave band has a bandwidth one octave wide. The
sound pressure level of a sound which has been passed through an octave band pass
filter is termed the octave band sound pressure level. Similarly for one-third octave
bands, there being three such bands in each octave band, the frequency ratio of the
band limits in each one-third octave band being 1.259 (cube root of 2).

optimum discrimination score (ODS)
See optimum speech recognition score (synonymous).

optimum speech level
For a given listener, a specified speech signal and a specified manner of signal pres-
entation, the speech level at which maximum speech recognition score occurs.

optimum speech recognition score
For a given listener, a specified speech signal and a specified manner of signal pres-
entation, the speech recognition score obtained at the optimum speech level.

permanent threshold shift

The component of threshold shift which shows no recovery with the passage of dme
when the apparent cause has been removed. Noise-induced permanent threshold
shift (NIPTS) is the component of PTS specifically attributable to noise exposure. The
PT'S may also include an age-associated bearing loss (AAHL), a pathological compo-
nent, or both.

presbhyacusis

Hearing disorder which accompanies ageing in the absence of other identifiable caus-
es, and which Is causing hearing difficulties in an older person. This term should not
be confused with age-associated bearing loss.

pure tone
A sound having a single frequency and whose sound pressure varies sinusoidally with
time.
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recruitment (of loudness)

A manifestation of auditory dysfunction which is characterized by a raised threshold
and by a more rapid rate of increase of loudness with sensation level than for a nor-
mal ear.

reference equivalent threshold force Ievel (RETFL)
See reference zero.

reference equivalent threshold sound pressure level (RETSPL)
See reference zero.

reference speech recognition curve

For a specified speech signal and a specified manner of presentation, a curve that
describes the median speech recognition score as a function of speech level for a suffi-
ciendy large number of otologically normal test persons of both sexes, aged between
18 and 30 years inclusive and for whom the test material is appropriate.

reference speech recognition threshold level (RSRTL)

For a specified speech signal and a specified manner of presentation, the mean value
of the speech recognition threshold levels of a sufficiently large number of otological-
ly normal test persons of both sexes, aged between 18 and 30 years inclusive and for
whom the test material is appropriate.

reference zero

For pure-tone air-conduction audiometry a set of sound pressure levels of pure
tones at audiometric frequencies, which corresponds to the normal threshold of
hearing of young persons. For each frequency the value is expressed by the sound
pressure level measured in an acoustic coupler or artificial ear when the earphone,
driven by a specific electrical signal, is placed on the coupler. This value is known as
the reference equivalent threshold sound pressure level (RETSPL) for the frequency
in question. The specific electrical signal is such that the sound pressure level it gen-
erates under the earphone when placed on the average human ear corresponds to
the modal value of the thresholds of hearing of a group of otologically normal per-
sons aged between 18 and 30 years. The values of RETSPL for a range of commonly
used earphones are given in BS 2497 Parts 5 and 6 and in ISO 389:1991.

For pure-tone bone-conduction audiometry, the reference zero is defined analogous-
ly by reference equivalent threshold (vibratory) force level (RETFL) when the bone
vibrator is loaded by a specified mechanical coupler. The RETFL values arc specified
in BS 6950 (ideatical to ISO 7566). Use of acceleration level for the reference zero is
obsolete.

sensation level (SL)
For a given ear, the level of a sound above the threshold of hearing for the same

sound, expressed in decibels.
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sensorincural hearing loss (SNHL)
A hearing loss due to a lesion or disorder of the internal ear or of the auditory ner-
vous system.

sound level meter (SLM)

An instrument designed to measure a frequency- and time-weighted value of the sound
pressure level. It consists of a microphone, amplifier, square-law rectifier, averaging
circuits, and indicating instrument, having a specified performance in respect of
directivity, frequency response, rectification characteristic, and time-weighted
averaging. The instrument is normally equipped with the ‘F’ and ‘S’ time-weightings,
and possibly also with the ‘T’ time-weighting as an aid to measuring fluctuating
sounds. With suitable circuitry it can also perform frequency analyses, usually in one-
octave or one-third-octave bands.

sound pressure level (SPL)

The sound pressure level of a sound in decibels, is equal to 20 times the logarithm to
the base 10 of the ratio of the root mean square sound pressure to the reference
sound pressure 20 uPa (2 x 10 Pa).

speech audiogram
For an individual, a chart or graph depicting the speech recognition curve for that
person. It may also indicate the person’s speech detection thresbold.

speech audiometry

The presentation of speech material (usually word lists) to determine the percentage
of material correctly detected or correctly identified. In the simplest form, listening is
monaural by earphone in quiet to recorded material. Variations include live-voice
presentation, free-field binaural listening, added noise etc. Results are displayed on a
speech audiogram.

speech detection threshold level

For a given listener, a specified speech signal and a specified manner of presentation,
the speech level of the test material at which it is detected (but not necessarily under-
stood) in a specified percentage of the trials, usually 50%.

speech hearing level (SHL)
For a specified speech signal and a specified manner of signal presentation, the
speech level minus the appropriate reference speech recognition thresbold level.

speech level

The sound pressure level (or vibratory force level) of a speech signal as measured in
an appropriate acoustic coupler, artificial ear or sound field (or on a mechanical
coupler) with specified frequency weighting and time weighting. For single test
items, the maximum measured sound pressure level or vibratory force level is used;
for sentences and running speech, the average of the maximum values for each
scored word is used. An ISO committee draft (ISO/CD 8253-3) recommends use of
the ‘'C’ frequency weighting and the 'I' time weighting.
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" speech reception threshold (SRT)

See speech recognition thresbold level (synonymous)

speech recognition curve

For a given listener, a specified speech signal and a specified manner of signal pres-
entation, a curve which describes that person’s speech recognition score as a function
of speech level.

speech recognition score

For a given listener, a specified speech signal and specified manner of presentation,
and at a specified speech level, the percentage of test items correctly identified. The
method of scoring will influence the result and should therefore also be specified.

speech recognition threshold level (SRTL)

For a given listener, a specified speech signal and a specified manner of signal pres-
entation, the speech level at which a specified percentage (usually 50%) of the test
items can be correctly identified by that person.

temporary threshold shift (TTS)
The component of threshold shift which shows recovery with the passage of time
after the apparent cause has been removed.

threshold of hearing

The minimum level of a sound which is just audible in given conditions on a speci-
fied fraction of trials (conventionally 50%). In quiet conditions this is referred to as
the absolute threshold. In the presence of a masking sound or noise it is called the
masked threshold. -

threshold shift

The difference, in decibels, between the hearing threshold levels of a person meas-
ured on two separate occasions. If the threshold shift progressively diminishes with
passage of time when the cause (usually noise) has ceased, it is referred to as tempor-
ary thresbold shift (ITS), otherwise as permanent thresbold shift (PTS).

time weighting

The characteristic of the averaging process which is applied to the square-law recti-
fied electrical signal in a sound level meter. The ‘S’ and 'F’ time weightings provide
smoothing over periods of the order 2 s and 250 ms respectively and yield the same
result for steady sounds, but not for time-varying sounds, e.g. vehicle noise or
speech. The ‘I’ weighting has a fast rise time, slow decay time, characteristic, some-
times used to measure impulsive sound. ‘Peak’ weighting gives a measure of the max-
imum instantaneous sound pressure in a sound waveform.

tinnitus

A sensation of sound which does not have an external acoustic or mechanical stimu-
lus and has no manifest physiological origin. Occasionally tinnitus is associated with
an externally detectable component, sometimes called objective tinnitus.
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Tullio phenomenon
Vestibular disturbance induced by a concurrent acoustic stimulus.

tympanometry
Determination of the acoustic immittance of an ear as a function of the difference

between the air pressure applied to the external ear canal and the ambient atmo-
spheric pressure. The result is displayed graphically as a ympariogranm.
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Appendix A
wWorked examples

The following are examples of assessment of compensable disability, for various com-
binations of age, sex, noise-induced hearing loss and conductive or other defect.
Pure-tone hearing threshold levels (HTL) are expressed as sets of three numbers rep-
resenting the thresholds at the frequencies 1, 2 and 3 kHz rounded to the nearest
5 dB unless stated otherwise. However, for simplicity, air-bone gaps are expressed as
the average across those three frequencies. Most examples require the HTLs at the
three frequencies to be added together, and for convenience this sum is also given in
the preamble (using the X notation to indicate summation). An exception to the
above is Example 2 where the HTLs have been measured to the nearest 1 dB.

Examples 1 and 2 are concerned with summing HTLs across the three frequencies
and with obtaining the definitive HTL from the two replicate measures. Examples 3-9
each follow a similar pattern and are laid out to emphasize this pattern. Two percent-
age disability values are calculated: one for the claimant as seen at assessment and
one for the notional control. The notional control has hearing thresholds expected
for a person of the same age and sex, and any other constitutional impairments
found in the claimant, but without the attributable impairment. The difference
between these two disability values is then calculated, giving the attributable
disability. Example 10 demonstrates the calculation of apportionment between sever-
al periods of noise exposure.
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Example 1
Determine for each ear the definitive genuine bearing thresbold level
(GHTL) summed over the frequencies 1, 2 and 3 kHz (IH), where the
individual GHTLs measured were slightly different between test and
re-test, as follows. In the left ear: first test 35, 45and 75dBat 1, 2 and
3 kHz respectively; second test 40, 50, 65 dB. In the right ear: first test
35, 45, and 65 dB at 1, 2 and 3 kHz respectively; second test 45, 45 and

70 dB.

Method. Apply the procedures in 5.2.3.1 and 9.2.1, Step 1 and Note 1. Where the dif-
ference between the two threshold determinations is 5 dB take the lower (more
acute) threshold; where it is 10 dB take the average.

1 2 3 kHz

Lefkt ear:

Test 1: as 45 75

Test 2: 40 50 65

Value to be taken: 35 45 70

Sum (LH): 150 dB
Right ear:

Test 1: 35 45 65

Test 2: 45 45 70

Value to be taken: 40 45 65

Sum (TH): 150 dB

The result is 150 dB for each ear. Hence the better-ear value is 150 dB and the differ-
ence between ears is 0 dB. These values are required to enter Table A2 to obtain the
deemed hearing disability.
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Example 2

Determine the definitive genuine bearing threshold level (GHIL)
summed over the frequencies 1, 2 and 3 kHz (TH), where the individ-
wal GHTLs were measured to the nearest 1 dB by fixed-frequency self
recording audiometry and were slightly different between test and
re-test. Do this for the left ear only. The thresholds obtained from the
self-recorded audiogram for that ear were as follows: first test 24, 26,
43dBat 1,2 and 3 kHz respectively; second test 22, 24 and 51 dB.

( Method. Applying the procedure in 5.2.2, adjust the values obtained by self-recording
audiometry to be equivalent to those for manual audiometry, and round to the near-
est 5 dB. Then follow the procedure in Example 1 to obtain IH.

1 2 3 kHz

Test 1:

Raw measurement: 24 26 43

Adjust for self-recording: 27 29 46

Round to nearest 5 dB: 25 30 45
Test 2:

Raw measurement: 22 24 51

Adjust for self-recording: 25 27 54

Round to nearest 5 dB: 25 25 55
Value to be taken: 25 25 50

Sum (ZH): 100 dB

N s
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In Example 3 and subsequent examples, the principle embodied in Equation 9.1 has
been used. But in these particular cases, the attributable disability (Du) is identified
by a particular cause and is termed noise-induced hearing disability (NIHD). Like-
wise, the constitutional disability (D n) is nOn-noise-induced disability (NNIHD).

Example 3
Find the noise-induced bearing disability (NIHD) of a man aged G0,
with NIHL and presumed age-associated bearing loss (AAHL) only.
Genuine bearing threshold levels (GHTL) are 30,45,75 dB (£=150) in
botb ears.

Metbod. NIHD is the difference between overall hearing disability (OHD) and non-
noise-induced hearing disability (NNIHD), in this case due solely to presumed AAHL:

Claimant: Sum the GHTL to give ZH values (Better ear 150, difference 0)
OHD = 38% (Table A2)
Control: NNIHD = 7% - (Table A3)
Difference: NIHD = 38% ~ 7%
: Result = 31%
Example 4

Find the noise-induced bearing disability (NIHD) of a man aged 23
with NIHL and presumed AAHL only. Genuine bearing threshold levels
(GHTL) are 0,10,20 dB (L=30) in botb ears.

Metbod. NIHD is the difference between overall hearing disability (OHD) and non-
noise-induced hearing disability (NNIHD), in this case due solely to presumed AAHL:

Claimant: Sum the GHTL to give ZH values (Berter ear 30, difference 0)
OHD = 6% (Table A2)

Control: NNIHD = 2% (Table A3)

Difference: NIHD = 6% - 2%
Result = 4%

Note: although the notional AAHL is zero (see Table Al), there is still a 2% cor-
rection to be made (see Table A2).
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Example 5
Find the noise-induced bearing disability (NIHD) of a woman aged 60
with NIHL and presumed AAHL only. Genuine bearing thresbold levels
(GHTL) are 0,5,15 dB ( £=20) in both ears.

Metbod. NIHD is the difference berween overall hearing disability (OHD) and non-
noise-induced hearing disability (NNIHD), in this case due solely to presumed AAHL.

Claimant: Sum the GHTL to give ZH values (Better ear 20, difference 0)
OHD = 4% (Table A2)

Control: NNIHD = 6% (Table A3)

Difference: NIHD = 4% - 6%
Result = -2% (to be regarded as 0%)

Note: there is no greater overall hearing disability than is to be expected from
AAHL alone in thé median woman of her age.

Example 6
Find the noise-induced bearing disability (NIHD) of a man aged 70,
with NIHL, presumed AAHL and a middle-ear disorder. Genuine bear-
ing threshold levels (GHTL) are 50,70,90 dB (L=210) in both ears,
average air-bone gap is 20 dB in both ears (and there is no reason to
suspect a secondary sensorineural bearing loss).

Method. The NIHD is the difference between the overall hearing disability (OHD)
and the non-noise-induced hearing disability (NNIHD), in this case due to the com-
bined hearing threshold level components of presumed AAHL and the conductive
hearing loss (CHL) due to middle-ear disorder:

Claimant: Sum the GHTL to give LH values (Better ear 210, difference 0)
OHD = 62% (Table A2)

Control: TAAHL = 60dB (Table Al)
ICHL = 30dB (6 X (ABG - 15 dB); see 7.5.2)
I(AAHL+CHL) = 90dB
NNIHD = 18% (Table A2; better ear 90,

difference 0)

Difference: NIHD = 62% - 18%

Result = 44%
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Example 7
Find the noise-induced bearing disability (NIHD) of a man aged 58,
with NIHL, presumed AAHL and a known pre-exposure sensorineural
bearing loss (otber SNHL) of non-progressive type. Genuine bearing
threshold levels (GHIL) are 30,45,45 dB (1=120) in botb ears; other
SNHL is 15,20,25 dB (31=60) in both ears.

Method. The NIHD is the difference between the overall hearing disability (OHD)
and the non-noise-induced hearing disability (NNIHD), in this case due to the com-
bined hearing threshold level components of presumed AAHL and the other SNHL.

Claimant: Sum the GHTL to give ZH values (Better ear 120, difference 0)
OHD = 27% (Table A2)

Control: TAAHL = 35dB (Table A1)
Z(other SNHL) = 60 dB (measured pre-exposure)

¥ (combined AAHL and other SNHL)  (Equation 9.4)
35460 — (35 X 60/360) dB

= 95-6dB
= 90dB (to nearest 5 dB)
NNIHD = 18% . (Table A2; better-ear 90,
difference 0)
Difference: NIHD = OHD - (NNIHD for notional AAHL + other SNHL) |
= 27%-18%
Result = 9%

Example 8
Find the noise-induced bearing disability (NIHD) of a man aged 48
with NIHL and presumed AAHL only. Genuine bearing threshold levels
(GHTL) are 35,45,55 dB (1=135) on the left side and 25,30,45 dB
(Z=100) on the right side.

Method. NIHD is the difference between overall hearing disability and non-noise-
induced hearing disability (NNIHD), in this case solely due to presumed AAHL.

Claimant: Sum the GHTL to give LH values (Better ear 100, difference 35)
OHD = 26% (Table A2)

Control: NNIHD = 4% (Table A3)

Difference: NIHD = 26% — 4%
Result = 22%
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Example 9

Find the noise-induced bearing disability (NIHD) of a woman aged 68
with NIHL in both ears, presumed AAHL, and in the left ear only a mid-
dle-ear disorder probably due to otosclerosis and present for about 20
years. Genuine hearing thresbold levels (GHTL) are 50, G5, 75 dB
(2=190) on the left side and 30, 45, 60 dB (£=135) on the right; the
average air-bone gap (ABG) is 21.7 dB on the left (and there is no
reason to suspect a secondary sensorineural bearing loss).

Metbhod. The NIHD is the difference between the overall hearing disability (OHD)
and the non-noise-induced hearing disability (NNIHD), in this case due to the non-
noise-induced hearing loss (NNIHL), comprising presumed AAHL only in the right
ear and presumed AAHL plus conductive hearing loss (CHL) in the left ear.

Claimant: Sum the GHTL to give ZH values (Better ear 135, difference 55)
OHD = 41%  (Table A2)
Control: IAAHL = 45dB (Table A1)
INNIHL (right)y= 45dB (AAHL only)
ICHL (lefr) = 40dB (6 X (ABG - 15 dB); see 7.5.2)
INNITHL (lef) = IAAHL + ICHL
= §85dB
NNIHD = 13% (Table A2: better ear 45,
difference 40)
Difference: NIHD 41% - 13%

Result 28%
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Example 10

Apportion the noise-induced bearing disability (NIHD) of 27% between
the following five relevant episodes of noise exposure: episode 1 with
employer A from 1952 to 1956 inclusive (5 years) at a daily noise expo-
sure level (L o) of 98 dB(A) without hearing protection; episode 2 with
employer B from 1957 to 1961 inclusive (5 years) at an Lg 4 of 103
dB(A) without bearing protection; after a break of two years without
noise exposure, episode 3 with employer C from 1964 to 1971 inclusive
(8 years) at an Lgp 4 of 103 dB(A) without bearing protection; episode 4
with employer C from 1972 to 1979 inclusive (8 years) at an Lgpy of
103 dB(A) and understood to bave worn the (unidentified) soft plastic
earplugs then provided almost all the time exposed to noise; episode 5
with employer C from 1980 to 1987 inclusive (8 years) at an Lgpg Of
103 dB(A) and understood to bave consistently :vorn the (unidenti-
fied) earmuffs provided in 1980.

Method. Apply the procedure described in 10.1.2. For each episode of noise expo-
sure calculate the product of the noise exposure duration in years (T) and Lgpg, cOr-
rected for any use of hearing protection (see Appendix B), minus 84 dB(A). The
NIHD is then apportioned in the ratio of these products.

Products:
Episode 1: = 5X (98- 84) = 70
Episode 2: = 5 x (103 — 84) = 95
Episode 3: = 8x(103 -84) = 152
Episode 4: =  8X[(103 -10) - 84) = 72
Episode 5: =  8X[(103 - 20} - 84) = 0f
Total of 5 products = 389

Relative proportions of the NIHD:

Episode 1: =  70/389 = 018
Episode 2: = 95/389 = 0.24
Episode 3: = 152/389 = 0.39
Episode &: =  72/389 = 019
Episode 5: = 0/389 = 0.00
Absolute NIHD values:
Episode 1: = 018x%x27% = 4.9%
Episode 2: = 024%x27% =  6.6%
Episode 3: = 039x27% = 10.6%
Episode 4: = 019x27% = 5.0%
Episode 5: = 0.00 X 27% = 0.0%

Note: comparison between episodes 1 and 2 illustrates the effect of different
noise levels. Comparison between cpisodes 2 and 3 illustrates the effect of dif-
ferent durations. Comparison between episodes 3, 4 and 5 illustrates the effect
of no, insufficient and sufficient hearing protection.

*-8 counts as Q.
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Appendix B

Guidelines on allowances to be made for
the expected attenuation of noise by
various types of hearing protector

In apportionment calculations (see 10.1.2), allowances have to be subtracted from
the levels of noise at work during the years in which hearing protection was under-
stood to have been properly used. Such allowances should only be made where it is
believed that the hearing protection had been used for almost all the time that the
individual was exposed to hazardous levels of noise.

If the particular protector used can be identified, its attenuation characteristics
may be obtainable either from published data (e.g. Martin, 1977) or from informa-
tion provided by its manufacturer. Account has then to be taken of the evidence that
hearing protectors are less effective as worn in industry than as measured in the
jaboratory (Berger, 1983), their real-world atenuation being about 16 dB less for
earplugs and 8 dB less for earmulffs.

Where the actual protector used cannot be identified with certainty, or its attenua-
tion characteristics are not known, recourse may be necessary to the guidelines in
Table B1. The table gives values for the mean real-world attenuation of A-weighted
noise levels likely to be achieved for various classes of hearing protector.

Table Bl Expected real-world attenuation values for various classes of hearing protector.

Class of hearing protector Attenuation (dB)
Dry cotton woo! and music headphones 0
Waxed cotton weol - 5
Soft plastic earplugs 10
Canal caps (suprameatal plugs on headband) 10
Personalized earmoulds 10
Glass down earplugs (e.g. Bilsom range) 15
Plastic foam earplups (e.g. EAR range) 15

Earmufls 20
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These values may be used in apportionment calculations (see 10.1.2). They can
also be used for diagnostic purposes (see 9.1.1), where the amount of hearing loss
measured should quantitatively relate to the estimated noise exposures, the latter of
course being adjusted for any use of hearing protection. However, they must not be
used for general hearing conservation purposes where the aim is to select hearing
protectors which give sufficient protection in 2 particular noise environment: for that
purpose, the current Government regulations and associated noise guides (Health
and Safety Executive, 1990) must be used.

T —




Appendix C
Other considerations related to assess-
ment

(W) Tinnitus

Previous British attempts (DHSS, 1973; Anon, 1983) to quantify hearing disability,
particularly that associated with NIHL, have not included any description or mode of
assessment of the tinnitus itself, nor any attempt to quantify any disability which may
result from it. Certain setdement schemes consider that tinnitus may be assessed as
mild, moderate or severe, but the assessment of the severity of the symptom itself,
and its effects on the person and the prognosis is left to the medical examiner. In
these circumstances, each individual examiner would devise his own method based
on his clinical practice and experience, but a descriptive scale such as “Trivial — Slight
_ Moderate — Severe — Very Severe' is helpful. ‘Severity' of tinnitus depends not only
on the characteristics of the tinnitus per se, but also on the effects of the tinnitus on
the individual.

Attempts have been made by several workers in different centres to assess the
pitch, bandwidth, loudness, and maskability of the tinnitus. Matching and masking
techniques frequently lead to spurious results and this is particularly the case where
sounds are multiple or bizarre. Synthesizers have been employed also but specialized
equipment for tinnitus matching is not widely available nor likely to be very satisfac-
tory. In any event, the results are difficult to interpret in terms of severity, which
depends in the individual case on many other Factors, most of them unmeasurable
(Hinchcliffe and King, 1992).

Leading questions should be avoided wherever possible. Case notes and medi-
colegal reports should indicate what questions were asked, their order, the answers
and any information volunteered. Although tinnitus can be regarded as a likely con-
comitant in about 50% of cases of NIHL, as with all types of hearing loss, it is consid-
ered inappropriate to attempt guantification of these symptoms in terms of addition-
al disability. It should be left to the judgement of the medical examiner t0 comment
on the claimant’s reaction to tinnitus, should he suffer from it or whether it be part
of his claim. The assessment has to be related to the claimant’s description, but
paying due regard to any descriptive or audiometric inconsistencies, and to the
claimant’s motivation.

Apportionment of tinnitus between episodes of noise exposure is not a simple
matter. If there is no evidence to the contrary, any apportionment should be propor-
tional to the noise-induced hearing disability. In other cases, it should be left to the
judgement of the medical examiner. ‘This matter has been discussed by Hinchcliffe
and King (1992).
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c2 Noise-induced vestibular malfunction

Although noise levels over about 90 dB(A) can cause vertigo or imbalance in some
cases of inner-ear disorder, and noise levels over about 130 dB (dB(A) or dB peak)
can sometimes do so in persons with normal ears, these so-called “Tullio effects' are
" not sustained after the noise exposure has ceased. While there have been reports
claiming that noise exposure can cause permanent damage to the vestibular system, a
recent review of the literature (Hinchcliffe, Coles and King, 1992) failed to provide
convincing evidence for this.

a3 Use of bearing aids

When assessing hearing disability for compensation settlement schemes that are
applied to large numbers of claimants, this should be calculated according to the
unaided state. This is partly due to the relatively small reduction of disability
achieved by hearing aids in most compensable forms of hearing disorder, and also
because of the multitude of audiological, economic, social and administrative vari-
ables involved in predicting, obtaining and assessing benefit from hearing aid(s).

In common-law cases where each case is considered on its own merits, however,
these variables will have to be considered individually for each claimant. Relief in this
context is a combination of reduction of disability, offset by such factors as the cost,
inconvenience and perhaps discomfort involved. With respect to use of hearing aids
in cases of sensorineural hearing loss, it should be recognized that they are usually
less effective, less easy to use and more uncomfortable than, for example, spectacles
when the latter are used for correction of the most common (refraction) errors of
vision.

In all cases, an assessment should be accompanied by statements concerning any
special provision that needs to be made for the individual. Often this will entail pre-
scription of suitable hearing aids and other devices intended to mitigate the effects of
the disability (e.g. TV amplifier, Teletext adaptor, extra-loud telephone ringer). Not all
such apparatus will be available from public funds. Furthermore, public provision
may not match the performance obtainable with commercially available instruments.
For example, binaural hearing aids are known to give greater benefit than the
monaural systems generally provided by National Health Service (NHS) departments,
whilst some hearing-impaired people report greater benefit from in-the-ear hearing
aids than from the behind-the-ear instruments routinely provided by the NHS. The
medical examiner should give details of all such apparatus that might be expected to
help the claimant, and its costs if not generally available from public funds. Such
costs should include the purchase price, running costs and estimates of the cost of
repairs and replacements.
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Annex A
Tables for use in calculating disability
and apportionment
]
|
Table Al Median age-associated hearing threshold levels for males and females
Table A2 Percentage disability as a function of better-ear HTL and asymmetry
Table A3 Percentage disability as a function of age for males and females, calcu-
lated using Tables Al and A2
Table A4 Products of excess noise level above 84 dB(A) times exposure dura-

tion (used for apporrionment calculation)
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Table Al Median age associated hearing threshold levels for males and females,
Values are based on ISO 7029 and are summed over the frequencies 1, 2
and 3 kHz (ZAAHL), and extrapolated to include ages up to 80 years
(italics). Values are given to the nearest 5 dB.

ﬂ TAAHL (dB) IAAHL (dB) ZAAHL (dB) "
F Age M F Age M F
18 0 0 39 10 10 60 40 30
19 0 0 40 10 10 61 40 30
20 0 0 41 10 10 62 45 35
21 0 0 42 15 10 63 45 35
22 0 0 43 15 10 64 50 35
23 0 0 44 15 10 65 50 40
24 0 0 45 15 15 66 50 40
25 0 0 46 20 15 67 55 40
26 0 0 47 20 15 68 55 45
27 0 0 48 20 15 69 60 45
28 0 0 49 20 15 70 60 45
29 5 0 50 25 20 71 65 50
30 5 0 51 25 20 7 65 50
31 5 5 52 25 20 73 70 55
32 5 5 53 30 20 r2d 70 55
33 5 5 54 30 25 75 75 55
34 5 5 55 30 25 | 7 75
35 5 5 56 30 25 7 80
36 5 5 57 35 25
37 10 5 58 35 30
' 10 5 59 35




