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Introduction

The effect of noise upon the audi-
tory system has become a major
problem in modern industrialised
societies and has been the subject
of extensive experimental and
clinical research.1-3 However, spe-
cific audiological research is still
needed to provide data suitable for
diagnostic, clinical and legal
issues. Baseline function, early
diagnosis and the monitoring of
hearing threshold changes is nec-
essary for the adequate description
of noise-induced hearing loss
(NIHL).

Exposure to noise can damage
the ear in two different ways
depending on the type of expo-
sure. Short duration sounds at
high intensity can cause both tem-
porary and permanent changes in
hearing. One manifestation of
temporary change is the tempo-

rary threshold shift (TTS), which
is defined as a reversible reduction
of hearing sensitivity that occurs
following exposure to high noise
levels.4,5 Studies using conventional
audiometry have shown that, for
broad-band noise stimuli, the
maximum TTS effect at moderate
intensities is seen between 3,000
and 6,000 Hz, whereas at higher
intensities the maximum TTS is
found 0.5-1 octave above the upper
cut-off frequency of the noise
band used.6 Permanent hearing
loss may occur as well, as a
result of mechanical damage to
the inner ear, including the detach-
ment of the organ of Corti from
the basilar membrane, degenera-
tion and replacement by scar tis-
sue. On the other hand, exposure
to continuous noise with intensity
lower than 140 dBA (between 90
and 140 dBA), damages the inner
ear metabolically rather than

mechanically.7,8 In this type of
injury, cochlear blood flow may
be impaired and several cochlear
sensory cells are damaged with each
exposure and do not regenerate.
Additionally, degeneration of the
cochlear nerve fibres correspon-
ding to the region of the destroyed
hair cells occurs, with accompa-
nying degeneration within the
central nervous system. NIHL
develops slowly over years and
initially occurs only in the high
frequency range 3-6 kHz, so that
speech perception is not signifi-
cantly affected, although frequen-
cies at 3 and 4 kHz are still impor-
tant for speech perception. This
may be attributed to the fact
that the base of the cochlea is
extremely vulnerable to noise, due
to earlier maturity, local cell dif-
ferences, specific cochlear mecha-
nisms for the activation of basilar
membrane for each stimulating
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frequency, proximity to the oval
and round windows, biochemical
composition and vascularisation
along the cochlear duct, resulting
in greater exposure to pressure
and toxin fluctuation.6,8 With con-
tinued exposure, NIHL becomes
clinically evident, because the
lower pitches necessary for speech
comprehension are affected as
well.9

As noise is thought to start
damaging the hair cells at the
basal end of the Corti organ, con-
siderable hearing loss in the
extended high frequency (EHF)
range is expected.10,11 EHF
audiometry defined as threshold
measurements above the frequen-
cy of 8,000 Hz may therefore
be of clinical value in assessing
hearing damage induced by noise
exposure. The aim of this study
was to evaluate hearing in a
population  of industrial workers
exposed to occupational noise, as
compared to a control group, by
using both conventional and EHF
audiometry.

Materials and methods

A total of 139 industry workers
exposed to noise were examined
over a period of 2 years (2005 and
2006). The inclusion criteria in
this study were: (i) absence of
active ear infections or serious ear
infections in the past; (ii) no previ-
ous history of head injury, amino-
glycoside medication or exposure
to other sources of noise, e.g.,
hunting, or high levels of recre-
ational music; (iii) no family
history  of hearing loss; (iv) age
not exceeding 55 years to avoid
the phenomenon of presbycusis.
Eighty-six subjects were male
and 53 female, with ages rang-
ing between 24 and 54 years. The
reference  group included

32 healthy subjects (18 males and
14 females) measured in the same
setting, using identical equipment
and recording conditions. All con-
trols were randomly selected from
the same age group as the patients,
and none of them had a history of
a risk factor for hearing impair-
ment. 

The study was performed in the
setting of a manufacturing food
plant producing pastry. All sub-
jects were recruited from two sites
with similar noise levels. The 8-
hour averaged A-weighted sound
exposure equivalent measure-
ments from these sites were 92 dB
A and 93 dB A. All dB(A) values
were measured with a Larson
Davis 820 sound level meter (PCB
Pieztronics, Buffalo NY, USA).
Serial field measurements proved
that the machinery noise could be
considered a steady state noise,
since variations did not exceed
6%. The Bruel & Kjaer 4136 1/8-
in. condenser microphone (Bruel
& Kjaer, Nærum, Denmark) was
used for sound peak pressure
measurements. Data were digital-
ly transferred to a computer as
“wav” files via an Asus Xonar
D2/PM USB 24 bit audio card
(AsusTek Computers Inc., Taipei,
Taiwan) and Adobe Audition 2.0
software (Adobe Systems Inc.,
San Jose CA, USA). Spectral
analysis was performed using
MATLAB 6.5 software routines
(The MathWorks, Natick,
Massachusetts, USA). Octave
band analysis of the noise wave-
form did not show any intense
high or low frequency component. 

Workplace exposure to noise
was determined using the compa-
ny records of workers and infor-
mation provided by the workers
themselves. Although the plant
management had implemented a
systematic hearing conservation

programme, and all industrial
workers had received instructions
about the importance of wearing
hearing protection when working,
most subjects of this study admit-
ted that they avoided using
hearing  protection most of the
time, mainly because of the dis-
comfort. Accurate data about the
exact times when hearing protec-
tion was used during working
hours was unavailable. 

Otoscopy and a general oto-
laryngological examination were
performed in every patient to rule
out any middle ear pathology.
Conventional pure-tone audiome-
try was conducted in a sound-
treated room using a clinical
audiometer (Amplaid A321 Twin-
channel; Amplifon, Milan, Italy).
Testing was performed before the
start of the working day and after
a period of at least 24 hours rest to
avoid recording TTS. So all
recorded puretone threshold ele-
vations are considered to reflect
permanent hearing loss. Standard
TDH-49 headphones were used
for the frequency range of 
250-8,000 Hz, and Sennheiser
HDA200 circumaural phones
(Sennheiser, Wedemark, Germany)
were used for the EHF range
9,000-20,000 Hz. The audiometer
was calibrated in decibels hearing
level (dB HL), according to the
standards of the International
Organization for Standardization12,13

and the American National
Standard Institute.14 The manu -
facturer provided calibration
instructions for EHF measure-
ments in dB HL.

Measurements were made with
an ascending-descending techni -
que,15 in 5-dB steps, in both
 conventional and EHF audio -
metry. All thresholds were cal -
culated in dB HL. The actual
threshold  was set after two out of
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three responses were consistent. A
maximum threshold shift of 120 dB
was recorded, and threshold shifts
exceeding this value (no response
to maximum sound signal) were
treated as a 120 dB loss, according
to standard practice.16

Standard single-frequency tym-
pano-metry was also performed
using an impedance audiometer
(TM 262 Autotymp Tympano -
meter, Welch Allyn, New York)
with an 85 dB sound pressure
level tone set to 226 Hz. 

Data were imported into a com-
puter programme (SPSS 15.0) for
further statistical evaluation and
analysis. Audiological data were
analysed using a mixed-model
analysis of variance (ANOVA). In
this model, standard frequencies
and EHF were measured in the
group of the noise-exposed sub-
jects and in the control group in
separate analyses. Group (noise-
exposed group and controls) and
sex (male/female) were the
between-group factors, and fre-
quencies by ear were the within-
group factors. Frequency was the
dependent variable measured at
250, 500, 1000, 2000, 4000 and
8000 Hz for the standard frequen-
cies and at 10,000, 12,500,
14,000, 16,000, 18,000 and
20,000 for the EHF (repeated
measures factor: frequency at
6 levels for both analyses). The
resulting design was a 4-factorial
2 � 2 � 6 � 2 mixed-model ANOVA
design, where the first factor
(group) and the second  factor
(sex) were between-group factors,
and the last two factors (frequency
and ear) were within-group fac-
tors. To compensate for the viola-
tions of sphericity and compound
symmetry for within-group fac-
tors, the Greenhouse and Geisser
approach was used. Additionally,
to account for the effect of age 

differences, the variable of age
was used as a co-variate. Finally,
Pearson’s correlation test was
used to compare the changes in
puretone thresholds and the time
of noise exposure. The level
adopted for statistical significance
was 0.05. 

Results

The mean age of the noise-
exposed subjects was 41.9 (± 9.0)
years (range 24-55). The mean
time of noise exposure was 11.8
(± 6.9) years (range 1-33). The
mean age of the controls was 38.4
(± 8.9) years (range 25-53), with
similar distributions for age and
sex (Figure 1). Normal tympano-
metric results were found for each
of our subjects: mean peak com-
pensated static acoustic admit-
tance 0.9 mmho (range 0.5-1.4),
mean ear canal volume 1.2 cc
(range 0.7-1.4) and mean middle
ear pressure -15 daPa (range -110-
30 daPa). 

Table 1 presents the descriptive
statistics for the audiometric data
of the two groups (mean pure-tone
thresholds and standard deviation

for the noise-exposed group and
the control group). Audiometric
thresholds in the standard frequen-
cies were within normal limits in
the control group, depending on
their age.17 Increased standard
deviations in the mean thresholds
from 10,000 to 20,000 Hz were
found in both groups, indicating
increased variability, whereas
standard deviations in the mean
thresholds of standard frequencies
were substantially lower. 

The ANOVA summary table
(Table 2) for the standard frequen-
cies indicates that the main effect
of Group was statistically signifi-
cant (Group: F = 23.6, p<0.001).
The effect of Sex (Sex: F = 0.3,
p = 0.981) was not statistically
significant, but the effect of Ear
approached statistical significance
(Ear: F = 3.6, p = 0.056) as a result
of better thresholds for left ears
in the frequency range 250-
2,000 Hz. The within-group factor
of hearing thresholds across the
six measured frequencies was
 significant (Frequency: F = 3.8,
p<0.005), indicating that puretone
thresholds vary across frequency
with more elevated thresholds

Figure 1
Age and sex distribution of the noise-exposed and control groups
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observed at the higher frequencies
4,000 and 8,000 Hz. Additionally,
the interaction between Frequency
and Group was significant
(Frequency � Group: F = 9.5,
p<0.001). All other interactions
remained insignificant. Post-hoc
analysis with the Bonferroni t-test
between the noise-exposed sub-
jects and controls showed statisti-
cally significant differences at all
the standard frequencies (250 to
8,000 Hz).

The ANOVA summary table
(Table 3) for the EHF indicates
that the main effect of Group was
statistically significant as well
(Group: F = 13.9, p<0.001). The
effects of Ear (Ear: F = 0.009, p =
0.926) and Sex (Sex: F = 1.0, p =
0.311) were not statistically sig-
nificant. The within-group factor
of hearing thresholds across
the six EHFs measured was
significant  (Frequency: F = 3.8,
p<0.005), indicating that puretone

thresholds vary across frequency
with more elevated thresholds
observed in the 12,500-18,000 Hz
EHF zone. Additionally, the inter-
actions between Frequency, Ear
and Sex (Frequency � Ear � Sex:
F = 2.8, p<0.05) and between
Frequency, Ear, Group and Sex
(Frequency � Ear � Group � Sex:
F = 2.8, p<0.05) were significant.
All other interactions were
insignificant. Post-hoc analysis
with the Bonferroni t-test between

Table 1

Mean puretone thresholds (M) and standard deviations (SD) for the subjects exposed to noise and controls, presented separately for
the right and the left ears

Table 2

Mixed-model ANOVA (by group, sex, frequency and ear) for changes in hearing thresholds in standard frequencies
(from 250 to 8,000 Hz)

Subjects exposed to noise Controls

Right ears Left ears Right ears Left ears

Frequencies (Hz) M (dB HL) SD M (dBHL) SD M (dB HL) SD M (dB HL) SD

250 18.3 8.8 15.6 8.4 11.5 4.8 11. 4.7
500 18.1 9.7 16.0 8.9 11.8 4.1 12.0 4.7

1 000 15.9 10.4 12.2 9.0 10.9 4.2 9.5 4.7
2 000 13.7 11.9 11.6 10.6 8.2 4.5 5.7 5.6
4 000 25.6 17.1 26.1 17.9 8.1 7.0 9.8 7.3
8 000 26.7 18.6 25.1 19.3 13.1 9.8 12.8 8.1
10 000 29.6 25.4 26.2 23.8 17.0 23.0 13.1 12.9
12 500 40.6 35.3 39.1 31.6 21.5 25.3 18.2 19.2
14 000 46.8 36.9 49.5 38.0 23.7 28.3 19.0 25.7
16 000 63.8 43.9 64.6 44.7 41.0 41.9 29.5 30.0
18 000 75.4 42.9 73.2 43.8 49.6 38.9 50.9 38.0
20 000 109.8 29.2 109.4 29.2 103.1 35.6 99.0 40.4

Sum of squares df Mean square F p

Frequency 2299.1 5 459.8 3.8 0.002
Ear 502.4 1 502.4 3.6 0.056
Group 14785.3 1 14785 23.6 <0.001
Sex 0.3 1 0.3 0.0 0.981
Frequency � Group 5162.3 2.6 1973.6 9.5 <0.001
Frequency � Sex 827.9 2.6 316.5 1.3 0.252
Ear � Group 41.1 1 41.1 0.3 0.583
Ear � Sex 0.07 1 0.07 0.0 0.981
Frequency � Ear 469.8 3.0 154.3 2.0 0.067
Frequency � Group � Sex 568.5 5 113.7 0.94 0.451
Frequency � Ear � Group 114.9 5 22.9 0.5 0.771
Frequency � Ear � Sex 132.8 5 26.5 0.5 0.711
Ear � Group � Sex 190.9 1 190.9 1.4 0.238
Frequency � Ear � Group � Sex 146.7 3.0 48.2 0.6 0.587
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the noise-exposed subjects and
controls showed statistically sig-
nificant differences at all EHFs
(10,000 to 20,000 Hz).

Finally, Pearson’s correlation
test was used to compare puretone
thresholds across standard and
EHF and time of exposure
(expressed in years), and indicated
a significant correlation (all
p<0.05) across all frequencies
(from 250 to 20,000 Hz), with the
exception of 10,000 Hz.

Discussion

Our present study evaluated the
hearing of 139 industry workers
exposed to noise and compared
the findings with those for 32
healthy subjects used as controls.
Our main findings were:
(1) thresholds were poorer in the
noise-exposed group compared
with the control group across all
examined frequencies; (2) pure-
tone thresholds varied signifi -
cantly across frequency for
both standard frequencies and
EHF; (3) statistically significant
dif ferences were found at all
the standard  frequencies (250 to

8,000 Hz), with more elevated
thresholds observed at the higher
frequencies 4,000 and 8,000 Hz;
(4) statistically significant dif -
ferences were also found at all
EHFs (10,000 to 20,000 Hz),
with more elevated thresholds
observed in the 12,500-18,000 Hz
fre quency zone. 

It has been reported for several
decades now that exposure to
occupational noise may be associ-
ated with a measurable elevation
in hearing thresholds and there is
evidence of a dose-effect rela-
tion.18 However, the effect of noise
upon the auditory system is a
highly complicated phenomenon
because of the complex nature of
cochlear structure and function.
Histological research, mostly
conducted  with animals and a
limited  number of humans, has
demonstrated the vulnerability
of the base of the cochlea to
noise.10,19,20.Variable patterns of
basal degeneration have been
found, probably depending on the
different types of noise,9 although
the exact pathogenetic mechanism
has not yet been fully elucidated.20

Another problem in estimating

noise-induced hearing loss is
that the susceptibility to acquired
acoustic injury may differ greatly
among individuals, and this influ-
ences all aspects of hearing loss
following exposure to noise.21,22

The source of this large intersub-
ject variability is not clear and
cannot be controlled for the pur-
poses of reliable studies of the
temporal sequence of pathology
and recovery of the cochlea after
noise exposure.23

Noise-induced hearing loss is
usually measured as TTS or per-
manent threshold shift by conven-
tional audiometry from 250 to
8,000 Hz. This method, however,
is subjective and not very sensitive
for detecting small changes in
puretone thresholds.24 Evoked
potential techniques25 have been
also used as an objective test for
assessing the effect of noise on the
cochlea, most recently including
steady-state responses.26 Although
these methods may provide objec-
tive evidence of NIHL, they are
fairly time-consuming and are
more technically demanding in
terms of the various recording
parameters.

Table 3

Mixed-model ANOVA (by group, sex, frequency and ear) for changes in hearing thresholds in extended high frequencies
(from 10,000 to 20,000 Hz)

Sum of squares df Mean square F p

Frequency 182111.1 3.3 54366.7 52.1 <0.001
Ear 9.4 1 9.4 0.0 0.926
Group 69040.3 1 69040.3 13.9 <0.001
Sex 5100.6 1 5100.6 1.0 0.311
Frequency � Group 7515.1 3.3 2243.5 2.1 0.085
Frequency � Sex 971.3 3.3 289.9 0.2 0.862
Ear � Group 1323.0 1 1323.0 1.2 0.272
Ear � Sex 3.4 1 3.4 0.0 0.955
Frequency � Ear 2861.8 3.1 894.5 1.7 0.144
Frequency � Group � Sex 708.5 3.3 211.5 0.2 0.912
Frequency � Ear � Group 1274.3 3.1 398.3 0.7 0.503
Frequency � Ear � Sex 4507.3 3.1 1408.9 2.8 0.035
Ear � Group � Sex 178.0 1 178.0 0.1 0.687
Frequency � Ear � Group � Sex 4584.4 3.1 1432.9 2.8 0.033
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Otoacoustic emissions have
been proposed as an alternative
method for monitoring cochlear
function in cases of noise expo-
sure,27,28 providing information
about the functional status of the
damaged cochlea in a fast, non-
invasive and objective way. We
performed otoacoustic emissions
in a number of our subjects, and
our findings have been reported
elsewhere. It appears that,
although the older literature is
confusing,29 current knowledge
indicates that otoacoustic emis-
sions are a more sensitive measure
than conventional puretone
audiometry for the detection
of early cochlear damage.28,30

However, it should be noted
that otoacoustic emissions are
 produced only when hearing
thresholds equal to or better than
20 dB HL are present and are
always absent when thresholds
exceed 60 dB HL. Hearing loss
with thresholds ranging from 25 to
50-60 dB HL is considered to be
the zone of uncertainty where the
interpretation of otoacoustic emis-
sions (and specifically DPOAEs)
is not clear31 and emissions in this
instance may be normal, present
but reduced in amplitude, or even
completely absent. For this rea-
son, otoacoustic emissions can be
useful in screening early cochlear
changes, but cannot be used to
quantify hearing loss in noise-
exposed subjects. 

EHF audiometry examines
hearing for pure tones in the 8,000
to 20,000 Hz range.32,33 The EHFs
are probably seriously affected by
noise because of the vulnerability
of the basal turn of the cochlea.
However, although EHF audiome-
try is often successful in detecting
ototoxicity from aminoglycosides
and cisplatin before there is an
effect on the conventional fre-

quency range,34,35 this test has
rarely been used in the assessment
of NIHL. This may be attributed
to the limitations of this method,
including problems with calibra-
tion, the absence of international
standards, major intersubject vari-
ability and different audiometric
procedures employed by various
laboratories.32 In addition, extended
high frequencies are probably
affected from the first decade of
life.33 However, most of these
problems have been dealt with
successfully recently,12-14 and this
method seems to be sensitive to
deviation from baseline thresholds
in serial audiometric monitoring
due to its high intra-individual
test-retest reliability.32 One major
problem that still persists is
the absence of an international
standard that provides statistics
for hearing thresholds in the
EHF range in otologically normal
populations  according to age.36 In
an older report, Frank37 concluded
- and this remark is probably still
valid - that normative thresholds
in the EHF range could not be
recommended  for clinical use
in individual subjects due to
the large intersubject threshold
variability. However, this does not
seem to be a serious issue when
dealing with groups38,39 and we
therefore recruited a control group
from the same setting that was not
exposed to noise (office workers).

Several previous studies have
found that EHF thresholds might
be more sensitive to noise than
conventional puretone thresholds.
Faustie et al.10 examined the effect
of different noise stimuli upon
hearing sensitivity from 8 to
20 kHz. In the case of impulse
noise, they found a substantial
shift from 2 to 20 kHz, with
jagged and/or asymmetrical
audiometric configurations and

major variability between sub-
jects. They also found threshold
elevation in a range of 13 to
20 kHz in ears from patients with
a history of steady-state noise
exposure, by comparison with the
median thresholds obtained from
otologically healthy individuals.
Morton and Reynolds40 reported
that the effects of noise and age
are additive in the high frequen-
cies, and EHF audiometry might
well detect NIHL earlier than
conventional  audiometry. In a
more recent report, Borchgrevink
et al.32 found EHF hearing loss at
around 9 kHz, possibly harmoni-
cally or in an octave relation to the
characteristic 3-6 kHz dip, and
simultaneously involved regions
above 13-15 kHz. In severe
conventional  frequency noise-
induced hearing loss, EHF hearing
loss progressed toward a greater
spread in dips, leading to exten-
sive EHF deterioration. The
authors also found considerable
variability between individuals,
and susceptibility that tended to
increase with age, but they sug-
gested that EHF thresholds might
be more sensitive to noise than
conventional puretone thresholds. 

In contrast, Osterhammel41

found no differences for high-fre-
quency thresholds between indus-
trial noise-exposed and subjects
with 4-6 kHz dips and non-
exposed subjects, and therefore
concluded that EHF audiometry
could not be used as an early indi-
cator for NIHL. Laukli and Mair42

also reported well-preserved high-
frequency hearing in younger sub-
jects exposed to industrial steady-
state noise. In another report,
Schmidt et al.43 found similar
puretone threshold levels in the
EHF range for conservatory stu-
dents compared with a reference
group. Recently, Schmuziger et
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al.36 studied the effect of exposure
to intense, continuous, 90-minute
duration, recreational noise in a
group of non-professional musi-
cians and, although a significant
TTS in the conventional frequency
range from 500 to 8,000 Hz was
observed, they did not find TTS in
the EHF range from 9,000 to
14,000 Hz. Additionally, cross-
sectional analysis of audiometric
data before the exposure revealed
a significant permanent threshold
shift at 3 to 8 kHz, but no evidence
for a relevant finding at the EHF
range. It therefore appears that
conclusions are not yet definite
concerning the extent and time-
course of the effects of noise-
induced hearing loss on EHF
thresholds. This may be due to
differences  in intra-subject sus-
ceptibiliy, technical shortcomings,
the fact that EHFs are affected
from the first decade of life, and
dif ferences in the levels and dura-
tions of the noise exposure.

In the present study we found,
in both conventional and EHF
pure-tone audiometry, statistically
significant differences in the
noise-exposed subjects at all 
frequencies, and especially in
the frequency range of 12,500 to
18,000 Hz, compared with the
values  of the subjects of the con-
trol group. At lower and middle
conventional frequencies, the
differences  were smaller and this
concurs with the fact that noise
exposure damages mainly the
higher frequencies. It can there-
fore be concluded that EHF
audiometry is a sensitive method
for evaluating hearing loss in sub-
jects exposed to occupational
noise. However, the variability of
EHF thresholds was higher than
with standard frequencies. Our
findings confirm the report of
Ahmed et al.44 who studied high-

frequency (10-18 kHz) hearing
thresholds in two groups of indus-
trial noise-exposed and non-
exposed subjects. These authors
found that the noise-exposed
workers had significantly higher
hearing thresholds than the non-
exposed subjects at all the
high frequencies, the difference
between the two groups being
greatest at 14 kHz. We found the
largest difference at 14 and
16 kHz for the right ears and at 14
and 18 kHz for the left ears.

After comparing the time of
exposure with the elevation of
puretone thresholds, we found sig-
nificant correlation across all the
standard frequencies measured
and EHF, with the exception of
10,000 Hz. This may be attributed
either to sample variation or to the
fact that EHFs are affected early in
life.33 The frequency of 10,000 Hz
could be affected earlier in life, so
that further deterioration with con-
tinuous noise exposure would
result in less significant impair-
ment compared with the other
EHF, but this remains highly
speculative  and further research
is needed. Additionally, we found
elevated puretone thresholds at
20,000 Hz for both exposed sub-
jects and controls, although there
was a statistically significant dif-
ference between the two groups.
This may also be due to early
deterioration of this frequency or
even to calibration and technical
issues, as evidenced by the fact
that there are as yet only standards
for EHF up to 16,000 Hz13.

Case studies showed con -
siderable variability between indi-
viduals. This may be because of
differences in noise exposure,
individual noise susceptibility or
both. EHF loss might be com-
pletely absent, comparable to or,
most commonly, exceed loss in

conventional frequencies. However,
in most cases, the harmful effect
of noise on the cochlea was evi-
dent in both conventional audiom-
etry and EHF.

We found that the hearing
thresholds were more elevated in
the right ear than in the left at
several  frequencies, especially in
the noise-exposed group. This
finding contradicts the current
thinking that hearing sensitivity is
higher in the right ear because
of fundamental differences in
the bilateral organisation of the
human auditory system.45 How -
ever, these differences were small
and statistically non-significant,
with the exception of a combined
effect with frequency, sex and
group, or frequency and sex. This
finding is probably of minor clini-
cal importance and may be due to
sample variation or even reflect
the differential effect of the noise
sources upon the left or the right
ear according to location.

Conclusion

It can be concluded that EHF
audiometry as an adjunct to con-
ventional audiometry in the audio-
logical assessment of subjects
exposed to occupational noise
may provide significant additional
information in most cases. This
test performs well in the frequen-
cy range 12,500-18,000 Hz, but
there is increased variability in
the results compared with conven-
tional audiometry.
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