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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Part 7: Reference threshold of hearing under free-field and diffuse-field listening conditions

Part 9: Preferred test conditions for the determination of reference hearing threshold levels

Part 8: Reference equivalent threshold sound pressure levels for pure tones and circumaural earphones
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Introduction

Each part of ISO 389 specifies a specific reference zero for the calibration of audiometric equipment.
[SO 389-1, ISO 389-2 and ISO 389-8 are applicable to audiometric equipment for the transmission of
pure tones by air conduction.

For clinical diagnostic and other audiometric purposes, it is often necessary to compare the measured
hearing threshold levels of a person for sound transmitted to the inner ear by the air-conduction and
bone-conduction pathways, respectively. Bone-conducted sound is provided for this purpose by an
electromechanical vibrator applied to the mastoid prominence or to the forehead of the person under test.

The reference zero for the calibration of audiometric equipment for air conduction-i$ defined in
ISO 389-1, ISO 389-2 and ISO 389-8 in terms of reference equivalent threshold sound ‘pr¢ssure levels
(RET|SPL), i.e. threshold sound pressure levels produced in an ear simulator or Qcoustic coupler of
specified characteristics by supra-aural, circumaural or insert earphones of various pafterns, when
excited electrically at a level corresponding to the threshold of hearing of yeung otologitally normal
pers¢ns. Similarly, this part of ISO 389 provides a reference zero for bone-conduction aydiometry in
term§ of reference equivalent threshold vibratory force levels (RETVFL)( ije. the vibratory force levels
prodyiced by a bone vibrator on a specified mechanical coupler when thevibrator is excited electrically
at a level corresponding to the threshold of hearing of young otoldgically normal pers¢ns. In some
countries, the preferred location is the mastoid prominence; in ¢ther countries, the forehlead location
is us¢d in addition to the mastoid prominence. Different RETY.FL values are valid for eadh of the two
positjons (see Annex C).

For hone-conduction measurements, it is necessary to, specify the static force of applidation of the
Vibrjior to the test subject and to the mechanical coupler, as well as certain geometrical feptures of the
vibrator tip. In addition, it is usually necessary to apply masking noise to the ear not under test, since
excitpation of the cranial bones by the vibrator may,;be heard by that ear instead of (or in addlition to) the
ear intended for the test. An appropriate specification of the masking noise is, therefore, required as an
adjurct to the reference equivalent threshold vibratory force levels, and such a specificafion is given
in this part of ISO 389. Due to the so-called “occlusion effect” whereby the wearing of the¢ transducer

need
threg
noise
test.

the e

Use d
thred

bd to provide the (air-conducted) masking noise causes a lowering of the bong
hold of hearing of the ear receiving the masking signal, it is necessary for the leve
to be raised to cancel out theocclusion effect and provide adequate masking of the e
[he specification of masking noise given in this part of ISO 389 is based on the proced
xperimental investigations from which the reference zero of this part of ISO 389 is de

f this reference zerco to calibrate audiometers will ensure that measured bone-condug
hold levels of petrsons with unimpaired hearing or with hearing losses of purely s
(i.e. having uhimpaired outer and middle ear function) will be compatible with the ai

ISO

fora
thro
that

ing threshold-levels of the same persons when using the reference zero of ISO 389-1,

89-8, respectively. Although exact equivalence of air-conduction and bone-conductio
y individual in these classes cannot be expected, due to biological variability of sound {
gh the external and middle ear and through the cranial bones, this part of ISO 389

-conduction

of masking
ar not under
ures used in
rived.

tion hearing
bnsorineural
-conduction
SO 389-2 or
n thresholds
ransmission
will ensure

minimum.

This part of ISO 389 is based on an assessment of technical data provided by laboratories in three
countries using methods of threshold testing which, in the respects described, were essentially uniform.
Examination of the data showed that the experimental results were consistent. It has, therefore, been
possible to standardize a reference zero by means of RETVFL values which are to be used for all bone
vibrators used in audiometry having similar characteristics to those used by the laboratories. The
systematic uncertainties introduced by this deliberate simplification will be small in comparison to the
usual step size of hearing level controls in clinical audiometers (5 dB).
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volta

NOTH
the fo

NOTH

re tones and bone vibrators
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part of [SO 389 specifies the following data applicable to the calibration gfbone vibrat
bone-conduction audiometry:

eference equivalent threshold vibratory force levels (RETVFL), cerresponding to the
earing of young otologically normal persons by bone-conductipinraudiometry;

he mechanical coupler;

ssential characteristics of the masking noise and the*baseline masking noise level aj
ar not under test.

in Annex B.

(FL is the vibratory force level transmitted to a mechanical coupler of specified charac

be level corresponding to the norimal threshold of hearing for location on the mastoid p

1  Values for the differences.ir reference equivalent threshold vibratory force levels betwe
rehead and mastoid are included for information in Annex C.

2 Recommended pfo¢edures for carrying out bone-conduction audiometry are specified i

ormative references

prs for pure-

threshold of

ssential characteristics of the bone vibrator and the method of coupling to the test subject, and to

bplied to the

hnce on the practical application of this part of ISO 389 in the calibration of audiometers is

Feristics by a
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fominence.

bn location on

h 1SO 8253-1.

The following"documents, in whole or in part, are normatively referenced in this docunjent and are
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pensablesfor its application. For dated references, only the edition cited applies.

For undated

ncésythe latest edition of the referenced document (including any amendments) appljes.

)

re tones and supra-aural earphones

threshold sound pressure levels for pu

1: Reference

ISO 389-2, Acoustics — Reference zero for the calibration of audiometric equipment — Part 2: Reference
equivalent threshold sound pressure levels for pure tones and insert earphones

ISO 389-4, Acoustics — Reference zero for the calibration of audiometric equipment — Part 4: Reference
levels for narrow-band masking noise

IEC 60318-6, Electroacoustics — Simulators of human head and ear — Part 6: Mechanical coupler for the

meas
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3 Terms

2016(E)

and definitions

For the purposes of this document, the definitions given in ISO 389-1 and ISO 389-2, and the following
terms and definitions apply.

31

bone conduction
transmission of sound to the inner ear primarily by means of mechanical vibration of the cranial bones

3.2

bone vibrator

electromech

3.3

vibratory fq

ten times th
reference fo

Note 1 to ent

3.4

mechanical
device for c4
vibrator apq
enable the v
to be detern;

Note 1 to ent]

3.5
equivalent
vibratory fo
vibrator and
up by the ba
voltage whid
to the thres}

Note 1 to entj

3.6
reference e
RETVFL
mean value
large numbg
years inclus

jrce level
e logarithm to base ten of the ratio of the mean square vibratory force by the’square
ce, 1 uN

y: The vibratory force level is expressed in decibels (dB).

coupler
librating bone vibrators, designed to present a specified mechanical impedance to a
lied with a specified static force, and equipped with an eléctromechanical transdug

ined

y: A mechanical coupler is specified in IEC 60318-6:

[hreshold vibratory force level

irce level for a given ear, at a specified frequency, for a specified configuration of
for a stated force of application of-the bone vibrator to the human mastoid prominend
ne vibrator on a specified mechanical coupler when the bone vibrator is actuated by
h, with the bone vibrator applied to the mastoid prominence concerned, would corres
lold of hearing

y: The term is relevant formonaural listening only.

quivalent threshold vibratory force level

pf the equiValent threshold vibratory force levels at a specified frequency, of a suffici
r of ears, of otologically normal persons, of both sexes, aged between 18 years af
ve, expressing the threshold of hearing in a specified mechanical coupler for a spe

nicaltransducerintendedto prndnhn the sensation nfhnnring hy vihrnfing the cranialbones

bf the

bone
er to

bratory force level at the surface contact between a bene vibrator and mechanical coupler

bone
e, set
r that
pond

ently
1id 25
rified

configuratioln of‘bone vibrator

Note 1 to entry: The term was formerly referred to by the acronym RETFL.

3.7

hearing level

vibratory force level (or sound pressure level) at a specified frequency, for a specified model of
transducer and for a specified manner of application, produced by the transducer in a specified
mechanical coupler (or ear simulator or acoustic coupler) minus the appropriate reference equivalent
threshold vibratory force level (or reference equivalent threshold sound pressure level) for bone
conduction or air conduction, as applicable

Note 1 to entry: By extension, this definition may be applied to a narrow band of noise.
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3.8

ISO 389

occlusion effect
increase in level of a bone-conducted signal reaching the inner ear when an earphone or earplug is placed
over, or at the entrance to the ear canal, thereby forming an enclosed air volume in the external ear

-3:2016(E)

Note 1 to entry: The effect depends on the type of earphone or earplug used and is greatest at low frequencies.

Note 2 to entry: This is expressed in decibels (dB).

39

masking

e of another

<process> process by which the threshold of hearing of a sound is raised by the presenc

(mas

3.10

king) sound

masking

<qua
Note

3.11
base
level,
mask
level
pers(

Note
range
adopt]

Note
prese

Note
part

Note

3.12

critig
band
band

3.13

ntity> amount by which the hearing threshold level is so raised

[ to entry: This is expressed in decibels.

line masking level

expressed as hearing level of a band of noise delivered-by air conduction for thg
ing, in the presence of which a pure tone at the centre frequency of the noise band and
of 35 dB is just audible, on the basis of 50 % detection.in repeated trials by an otologi
n, having a hearing threshold level of 0 dB by air conduction for that pure tone

| to entry: The value of 35 dB for the pure-tone test stimulus has been adopted arbitrarily as ly
used in experimental studies on which this part ofI1SO 389 is based. It does not imply a recom
this level of masking noise in clinical practice.

P to entry: The relationship between thelevels of a masking noise and a pure tone just n
nhce of this noise is specified in ISO 389-44

B to entry: The term was formerly talled “datum level of masking noise” in the earlier e
fISO 389.

L to entry: By extension, this.definition may be applied to a narrow band of noise.
fal bandwidth

width of a frequency band of sound, being a portion of a continuous noise spectr
width, whick{effectively masks a tone coinciding with the centre frequency of the ban

vibratoryforce level at which a person gives a predetermined percentage of correct detecti

vibr;Eactile threshold level

on repéeated trials due to the sensation of vibration on the skin

purpose of
ata hearing
cally normal

ng within the
mendation to

asked by the

dition of this

hm of wider
d

nresponses

Note 1 to entry: A 50 % correct detection rate is often used.

3.14

white noise
noise, having a power spectral density that is essentially independent of frequency

4 Reference equivalent threshold vibratory force levels (RETVFL)

Reference equivalent threshold vibratory force levels for location of the bone vibrator on the mastoid
prominence are given in Table 1. They are derived from determinations of the threshold of hearing by

© ISO 2016 - All rights reserved
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bone conduction of otologically normal persons as measured on the mastoid prominence, under the

conditions d

NOTE 1

escribed in Clause 5 (see Annex A).

It is emphasized that the data given in Table 1 are derived from results obtained with different types

of bone vibrators having different electromechanical properties, applied to the head in the specified manner.
The procedures used to compensate for differences in the masking levels used in the three studies may also have
contributed to differences among studies.

NOTE 2
laboratory ar

e given for information in Annex D.

Values for frequencies below 250 Hz are not specified in this part of ISO 389. Results from one

5 Testc

5.1 Gene}

The referen
specified in

5.2 Bone

The vibratoj
radiates wh
function sh4
conduction
bone vibratd

If this condition is not met directly at all frequencies, the Unwanted sound radiation is exclud

inserting an
Due to the o

5.3 Fitting of the bone vibrator

A headband

5,4 N. The vibrator shall be placed on theimastoid prominence, not touching the pinna, and adjust

as to remain|

nditions and requirentents

ral

e equivalent threshold vibratory force levels apply when the conditions,and requirer]
this Clause are met.

vibrator

hents

- shall have a plane, circular tip, of nominal area 175 mm2{Any airborne sound w
bn in contact with the head of a test subject having unimpaired external and midd
1l be low enough in level to provide a margin of 10 dB¥or more between the true |
hearing threshold level and a false air-conduction hearing threshold level evoked b
r. A method to show conformity with this requiremert is given in Annex B.

earplug into the external canal of the ear under test at the frequencies which are affq
Cclusion effect, use of the earplug is confined to frequencies above 2 000 Hz.

shall be used to hold the vibrator on the mastoid prominence with a nominal static fo

in a stable position.

ich it
e ear
bone-
y the

ed by
cted.

ce of
ed so

the

Table 1 — Reference equivalent threshold vibratory force levels (RETVFL) for location of
vibrator on the mastoid prominence
Frequency RETVFLa
Hz (reference: 1 uN)
dB
250 67,0
315b 64,0
400b 61,0
500 58,0
630b 52,5
750¢ 48,5
800D 47,0
1000 42,5
1250b 39,0
a  Values rounded to the nearest 0,5 dB.
b Values for these frequencies are derived by interpolation.
¢ Values for these frequencies are derived from the results from one laboratory only.
4
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5.4
The 1f

5.5

The 1
Tabld
1%

5.6

Table 1 (continued)
Frequency RETVFLa
Hz (reference: 1 uN)

dB
1500¢ 36,5
1 600b 35,5
2000 31,0
2500b 29,5
3000 30.0
3150b 31,0
4000 35,5
5000¢ 40,0
6 000¢ 40,0
6 300¢ 40,0
8 000¢ 40,0

a

b

C

Values rounded to the nearest 0,5 dB.

Values for these frequencies are derived by interpolationq.

Values for these frequencies are derived from the results from one laboratory only.

Mechanical coupler

Test signal

nechanical coupler shall comply with the specification in IEC 60318-6.

Vibratory force signal produced by-the bone vibrator at the excitation level corrgsponding to
| 1, as measured on the mechanical coupler, shall exhibit total harmonic distortion npt exceeding

for fundamental frequenciesyfrom 500 Hz to 1 000 Hz, and 2 % for frequencies from 250 Hz to
400 Kz inclusive and from 1 2560\Hz upwards.

Masking noise

The masking noise signal shall be generated according to the specifications given in IS¢ 389-4, and

centy

ed on a test frequency given in Table 1.

Masking transducer

5.8 Fitting of masking transducer

st by means of a supra-ayral or insert

spectively.

If a supra-aural earphone is used for delivering the masking noise, it shall be applied to the ear not
under test of the test subject by means of a headband exerting a nominal static force of 4,5 N, and
designed not to interfere with the headband holding the bone vibrator which is worn simultaneously. If
an insert earphone is used for delivering the masking noise, it shall be applied to the ear not under test
as specified in [SO 389-2.

© ISO 2016 - All rights reserved
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5.9 Baseline masking level

For the purpose of determining RETVFL values, the masking noise, applicable to otologically normal
persons having a hearing threshold level of 0 dB, shall be presented at the baseline masking level of 40 dB.

NOTE When using masking noise with a one-third-octave bandwidth, the baseline masking level is
approximately constant at different frequencies, at 40 dB, although, in principle, the value depends slightly on the
band centre frequency (due to variability in critical bandwidths). This value derives from the difference between
the masking level and the level of the pure tone to be masked (referred to as the reference level for narrow-band
masking noise in ISO 389-4), which is approximately 5 dB. However, a table showing this difference as a function
of band centre frequency and noise bandwidth can be found in ISO 389-4. The reference level for narrow-band
masking noise represents the amount by which masking noise in a critical band can exceed a pure tone at the
50 % correctdetection level of the pure tone (see ISO 389-4).

The baseling¢ masking level may be expressed as the sound pressure level, by adding 40\.dB tp the
RETSPL valyes specified in ISO 389-1 or ISO 389-2, respectively for the pattern of earphone used g4s the
masking traphsducer.

6 © IS0 2016 - All rights reserved
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Annex A
(informative)

Note on the derivation of RETVFL values

A.1 Source of data

The RETVFL values specified in this part of ISO 389 are obtained from the results of thr&e'independent
expefimental investigations communicated to ISO/TC 43, Acoustics. Brief particulars)of the tests are
giverl in Table A.1.

Table A.1 — Investigations on RETVFL values

Investigation
Test data
Reference [1] Reference [2] Referenge [3]
Type|of vibrator B-71a B-71a KH-70b
Type|of masking TDH39¢ TDH39¢ DT48d
earplone
Level] of masking noise 30 dB effectivee 25 dB,and 40 dB sensa- 40 dB effectivee at 125 Hz,
tiondevel 250 Hz; 30 dB efflectivee at
higher frequencig¢s
Numbper of ears tested 60 136 50
Number of subjects 60 68 25
Frequencies tested, Hz 250,500, 1 000, 210600, 250,500,1 000, 2 000, 125, 250, 500, 75p, 1 000,
3000,4 000 3000,4 000 1500,2 000, 3 0$O, 4000,
5000, 6 000, 6 300, 8 000
a  Manufactured by Radioear Corporation, USA.
b Manufactured by Grahnert Pracitronic, GmbH, Germany.
¢ Manufactured by Telephoxyics Corporation, USA.
d  Manufactured by BeyerAG, Germany.
e  “Effective maskingleyel” as defined in Reference [4], A4.

The values forthe bone-conduction threshold of hearing used in the development of this paft of ISO 389
were| not cerrected for deviations of the test subject’s air-conduction hearing threshold levels from
0 dB.Further details of the derivation of RETVFL values are given in Reference [2].

© IS0 2016 - All rights reserved 7
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Annex B
(informative)

Guidance on the application of the reference zero to the

calibration of bone-conduction audiometers

B.1 Gene

When a bong
conditions s
normal subj
the test roor

B.2 Choi¢
The plane, ci
of a slightly
general, the
output for a
250 Hz; the
unwanted sq

Ieadband providing a static force of 5,4 N,for a mean head width of 145 mm (for mastoid applic
r forehead application) will usually comply within the above tolerance for adult test populati

The headba

NOTE A

or 190 mm (f

B.3 Unwd

The influend

ral

-conduction audiometer is calibrated in accordance with this part of ISO 389 and-und{

ipulated in Clauses 4 and 5, where applicable, to measure the hearing of young otolog

bcts, a mean hearing threshold level of 0 dB should be obtained if the amhigent noise lev]
h and the procedures used for the threshold determination comply with*JSO 8253-1.

e and fitting of bone vibrator

rcular contact area should be 175 mm? + 25 mm?2, as specified in IEC 60318-6. The ad(
rounded edge (for example of radius 0,5 mm) to the vibtrator tip prevents discomfo
inertia-reaction types of bone vibrator derived from hearing aid designs have only limited
Cceptable distortion at low frequencies, and are not‘usually suitable for audiometry &
larger button-type vibrators tend to be superiordn this respect, but may produce

und radiation at high frequencies due to their larger size.

d used should provide a static force of 5,4 N+ 0,5 N.

inted sound from the bone vibrator

e on an audiometric test result of sound radiation from the bone vibrator is characte

using measyrements on at least 16 ears from a sample of otologically normal test subjects W

hearing thrgshold levels shall not'exceed 10 dB for the test frequencies 250 Hz to 8 kHz, as follows:

a)

first, the¢ bone conduetion threshold is determined at 2 kHz and above at each frequency pro

by the aqudiometersin accordance with ISO 8253-1, with the test ear occluded with an ea
which provides.amean sound attenuation of at least 30 dB at the test frequencies, as measuf
accordapce with'1SO 4869-1;

b)

the meap‘value of the measured hearing thresholds across the sample of test subjects is calcu

b1 the
ically
els in

lition
rt. In

elow
more

htion)
h1s.

rized
rhose

yided

rplug
ed in

lated

at each frequency.

‘)
d)

steps a)

and b) are repeated with the earplug removed;

are calculated at each frequency

the difference in the mean values for the occluded and unoccluded measurements determined in b)

The influence should be regarded as negligible if the magnitude of differences calculated in d) do

not exceed

3 dB.

B.4 Calibration of the bone vibrator

The vibrator should be attached to the mechanical coupler with a static force of 5,4 N + 0,5 N, including
the weight of the bone vibrator and of any unsupported components of the mechanism providing the

8
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coupling force, as specified in I[EC 60318-6. The bone vibrator and mechanical coupler should both be
brought to the proper operating temperature of 23 °C + 1 °C, as specified in [EC 60318-6. Because of
the high thermal capacity of the mechanical coupler, a period of several hours may be required to bring
the system to thermal equilibrium before calibration. Any deviation from this temperature can only
be allowed for if data for the temperature dependence of the performance of the specific type of bone
vibrator on the mechanical coupler are available.

It is important to mount the bone vibrator correctly on the mechanical coupler. The bone vibrator
should be placed as close as possible to the centre of and perpendicular to the visco-elastic dome of
the mechanical coupler. The angle of contact is controlled by visual examination by ensuring that the
small opening angles between the curved surface of the dome and the flat contact surface of the bone

vibratorare the samre foratt viewing angtes:
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Choice and fitting of masking transducer

convenient to use the same earphone for delivering the masking noisejas is used
ibject’s air-conduction threshold in the ear not under test. If a supra-atiral earphong
band force should be 4,5 N + 0,5 N. These procedures enable the hearing level of the m|
set correctly using the pure-tone air-conduction calibration of the/earphone in accq
89-1 or ISO 389-2.

Masking noise characteristics

aseline masking conditions of this part of ISO 389 are derived from noise with a one-
width, originating from random noise having uniferm spectral density (white noise) t
gh a band-pass filter. Tolerance on the bandwidth (defined by the 3 dB down points of]

band white noise, the filter characteristics-should conform to the specifications of IEC

o determine
is used, the
asking noise
rdance with

third-octave
hat is passed
the spectral

ty) of £ 1/6th-octave is recommended. For generating one-third-octave-band masking noise from

61260-1.
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Differences in reference equivalent threshold vibratory force
levels between forehead and mastoid location of vibrator

Differences in reference equivalent threshold vibratory force levels hetween forehead and mastoid
location of the vibrator are given in Table C.1. They are derived from determinations of the threshpld of
hearing by bone conduction on otologically normal persons under the conditions described imClayse 5.
NOTE The values given in Table C.1 were obtained from the results of four experimental”investigations
communicated to ISO/TC 43. Brief particulars of these tests are given in Table C.2.
Table C. — Differences in reference equivalent threshold vibratory force levels between
forehead and mastoid location of vibrator frequency.
Frequency RETVFL (forehead)/minus
Hz RETVFL (mastoid)a
dB
250 12,0
315b 12,5
400b 13,5
500 14,0
630b 13,5
750¢ 13,0
800b 12,0
1000 8,5
1250b 10,0
1500¢ 11,0
16000 11,0
2,000 11,5
2'500D 12,0
3000 12,0
3150b 11,5
4-000 890
5000¢ 11,0
6 000¢ 11,0
6 300¢ 10,0
8 000¢ 10,0
a  Values rounded to the nearest 0,5 dB.
b Values for these frequencies are interpolated.
¢ Values for these frequencies are derived from the results from one laboratory only.
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