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Abstract
Objectives: The aim of the study was to assess the influence of short-term impulse noise on the size and dynamics of 
temporary threshold shift, which precedes permanent threshold shift, i.e. noise-induced hearing loss. It was hoped to use 
the findings for preventive activities. Materials and Methods: The study included 80 healthy subjects (160 ears), aged 19–23 
years, divided into two groups: group I comprised 40 recruit soldiers put to the shooting training, and group II consisted 
of 40 young male controls. All subjects had to show normal hearing with pure tone audiometric thresholds between 10–15 
dB. Transient evoked otoacoustic emission (TOAE) measurements were performed by ILO 292 Echoport Otodynamics 
device 3–5 min before shooting and then 2 min, 1, 2 and 3 h, respectively after shooting. In group II the time intervals were 
similar. Results: It was found that the gunshot impulse noise from the kbk AKMS rifle caused temporary hearing threshold 
shift (TTS) at 1, 2, 3, 4 and 5 kHz frequencies of 1.07, 0.96, 1.41, 0.88 and 1.25 dB SPL, respectively. TTS turned out to 
be maximum at 4 and 5 kHz and minimum at 1 and 2 kHz. Conclusions: Short-term impulse noise generated by the rifle 
gunshots induces rather small temporary threshold shift of hearing. Anyhow, considering possibilities of different weapon 
noises in the military environment as well as various sources of industrial impulse noise, the usage of hearing protectors 
should be highly recommended.
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INTRODUCTION

It is generally agreed that impulse noise that occurs mainly 
in drop-forging, riveting or stamping industrial processes 
as well as in military forces and recreational target shoot-
ing and hunting is especially hazardous to the ear [1,2]. 
From the physical point of view the phenomenon is de-

fined as an acoustic pressure disturbance of short duration 

less than 1 sec and high intensity with the peak sound pres-

sure levels greater than 100 dB SPL [1,2].

Preventive methods intended at least to minimize the hear-

ing damage are still searched. Among others, the reversible 

temporary threshold shift (TTS), also called an auditory 
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fatigue, which precedes the development of permanent 
threshold shift (PTS), a synonym of noise-induced hearing 
loss (NIHL), is considered to be the predicting indicator 
of the NIHL size [1,3–5]; it is presumed that 40 dB TTS 
may represent some sort of critical TTS that should not be 
exceeded if the risk of permanent injury is to be avoided 
[1,3]. It is commonly accepted that otoacoustic emissions 
(OAEs), a modern objective tool of audiological testing, 
represent the functional state of outer hair cells in the 
cochlea [6–11], being first of all injured by noise impact 
[12–15]. OAEs are stable over time, do not rely on a be-
havioral response and are quick to obtain, therefore they 
have been proposed as an alternative method for monitor-
ing cochlear damage to overcome the problems associated 
with pure tone audiometry [4,12–17]. Changes introduced 
by noise exposure that give rise to TTS have been shown 
to alter the amplitude or frequency composition of tran-
sient evoked otoacoustic emissions (TEOAEs) and were 
defined as the temporary emission shift, approximate to 
TTS measured audiometrically [4,5,18]. Hence, the use 
of TEOAEs to study temporary effects of noise exposure 
seems to be soundly based.
The aim of the present investigation was to assess an effect 
of short-term impulse noise on the magnitude and dynam-
ics of auditory temporary changes in normally hearing in-
dividuals, using the TEOAEs recording technique.

MATERIALS AND METHODS

The study included 80 young healthy subjects (160 ears), 
aged 19–23 years, who had never suffered from ear diseas-
es and/or any systemic disorders, and their hearing thresh-
olds measured by pure tone audiometry were less than 
15 dB. The subjects were divided into two study groups. 
Group I comprised 40 recruit soldiers put to the shooting 
training, aged 19–23 years (mean age, 21.4 ± 1.6 years), 
and group II consisted of 40 young male controls (stu-
dents), aged 19–23 years (mean age, 21.2 ± 1.2 years).
After performing otolaryngological examination, pure 
tone audiometry and impedance audiometry (tympanom-
etry and acoustic reflex threshold) otoacoustic emmision 
measurements, namely transient evoked otoacoustic emis-

sions were carried out by ILO 292 Echoport Otodynamics 
device with the probe placed in the ear canal. The stimuli 
for TEOAEs were 80 dB SPL 80 µs click, presented at a 
rate of 50/s in nonlinear mode; the click intensity was au-
tomatically compensated according to the size of external 
auditory meatus; the responses were averaged after 260 
repetitions; time of analysis was 2, 5 to 20 ms; the TEOAE 
level was measured in 500 Hz intervals from 500 Hz to 
5000 Hz at the frequencies of 1, 2, 3, 4 and 5 kHz. Only 
emission of 3 dB above the noise background level was 
admitted to be present with 60% of repeatability. Ampli-
tudes, frequency composition, stimuli levels, stability of 
the probe position and reproducibility were taken into 
consideration during comparative assessment of records.
In the impulse noise exposed group, TEOAEs were reg-
istered 3–5 min before and then 2 min, 1, 2 and 3 h after 
shooting. Each soldier was taking 5 shots (without hear-
ing protectors) from the kbk AKMS rifle, caliber 7.62 mm, 
in recumbent position and after shooting he stayed in the 
quiet environment; the peak SPL of noise during shooting 
was 156 dB. In the control group, examinations were per-
formed similary: after first testing, then 1, 2 and 3 h later.
Statistical significance was examined using two samples 
for the t-test.
The study was approved by the Medical Ethical Commit-
tee of the Medical University of Łódź and all subjects gave 
their written consent for participation in examinations (Nr 
RNN/92/03/KB).

RESULTS

The mean binaural amplitude values of TEOAEs 3–5 min 
before shooting and then 2 min, 1, 2 and 3 h after shooting 
in the group I vs. group II are summarized in Table 1 and 
Fig. 1.
The mean amplitude values of TEOAEs (across the tested 
frequencies) as a function of time after shooting are drawn 
in Fig. 2. For the frequencies of 1 and 2 kHz after 1 h and 
for the frequency of 3 kHz after 2 h, the mean amplitude 
values were similar to pre-shooting values; for the fre-
quencies of 4 kHz and 5 kHz, the mean amplitude values 
have not recovered even after 3 h.
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It turned out that amplitude differences of TEOAE be-
fore and 2 min after shooting were significant (p < 0.05) 
for the frequencies of 1,2, 3 and 5 kHz.
Statistically significant differences were also observed in 
the mean amplitude values of TEOAE before and after 

shooting (p < 0.05) as well as in the measurements repeat-
ability (p < 0.05); to the contrary, the level of TEOAE 
and probe stability before and 1, 2 and 3 h after shooting 
appeared to be not significant (p > 0.05), which provides 
evidence for the data comparability.
As shown in Fig. 3, no significant changes in the mean 
amplitude values of TEOAE (throughout all frequencies 
tested) as a function of the measurement time were found 
in group II (p > 0.05); the first measurement results were 
similar to those performed after 1, 2 and 3 h.
Table 2 shows the comparison of basic TEOAE charac-
teristics (amplitude, reproductibility, stimuli level, probe 
stability) in both groups. There were no significant dif-
ferences in measurements between the groups after 1 h 
(p > 0.05). Significant differences were found between the 
groups in mean amplitudes of TEOAE only for the fre-
quency of 4 kHz after 2-h measurements (p < 0.05) as well 
as for the frequencies of 1, 2 and 4 kHz and stimuli level 
after 3-h measurements (p < 0.05).

Table 1. Mean binaural* amplitude values of transient evoked oto-
acoustic emissions (TEOAEs) in group I vs. group II

Group I

Frequencies
Before 

shooting
2 min after 

shooting
1 h after 
shooting

2 h after 
shooting

3 h after 
shooting

1 kHz -4.55 -5.62 -4.17 -4.15 -2.71

2 kHz -7.57 -8.53 -7.88 -7.20 -4.42

3 kHz -10.07 -11.48 -11.61 -10.48 -9.29

4 kHz -11.26 -12.14 -13.13 -12.27 -11.11

5 kHz -21.81 -23.06 -24.25 -23.22 -22.86

Group II

Frequencies
First

measurement
1 h later 2 h later 3 h later

1 kHz -5.83 -5.68 -5.54 -5.42

2 kHz -8.87 -8.84 -8.89 -8.19

3 kHz -12.91 -13.03 -12.91 -12.27

4 kHz -17.03 -16.64 -16.84 -16.58

5 kHz -25.30 -25.22 -24.93 -24.93

* Differences between left and right ear were not significant (p > 0.05)

Fig. 1. Mean transient evoked otoacoustic emission (TEOAE) ampli-
tude values in group I (A) vs. group II (B).

Fig. 2. Transient evoked otoacoustic emission (TEOAE) spectral 
distributions in group I as a function of the measurement time after 
shooting.

Fig. 3. Transient evoked otoacoustic emission (TEOAE) spectral 
distributions in group II as a function of the measurement time.

OTOACOUSTIC EMISSION SHIFT DUE TO IMPULSE NOISE    O R I G I N A L  P A P E R S

IJOMEH-4.indd   377IJOMEH-4.indd   377 2006-01-10   12:44:212006-01-10   12:44:21



IJOMEH 2005;18(4)378

DISCUSSION AND CONCLUSIONS

The study was designed to investigate the influence of 
short-term impulse noise caused by 5 shots from the kbk 
AKMS rifle on the size and dynamics of temporary thresh-
old shift.
Although TEOAEs are not per se measure of noise-in-
duced TTS, but rather of temporary otoacoustic emission 
shift [4,13,18], there is evidence that the amount of TTS 
may correspond with amplitude reduction of TEOAEs. 
Vinck et al. [19] demonstrated that volunteers exposed 
for 1 h to white noise of 90 dB showed the correlation 
between TTS measured by pure tone audiometry and 
TEOAE amplitude and spectrum reduction; they found 
prolonged TTS recovery time for 4 kHz and the lowest 
TEOAE response at 5 kHz as well as the largest intensity 
of response at 1 kHz. Similar observations were made in 
other studies [5,20,21].
In our study, mean values of TTS just after shooting were: 
at 1 kHz – 1.07 dB SPL, at 2 kHz – 0.96 dB SPL, at 3 kHz 
– 1.41 dB SPL, at 4 kHz – 0.88 dB SPL, and at 5 kHz – 1.25 
dB SPL; after a lapse of 1 h the TEOAE amplitudes at 1 
and 2 kHz were similar to those before shooting, but at 3, 
4 and 5 kHz, there was a shift of 1.54 dB SPL, 1.87 dB SPL 
and 2.44 dB SPL, respectively.
After another 2 h, TTS (otoacoustic emission shift) was 
still present at 4 kHz of 1.01 dB SPL and at 5 kHz of 1.41 
dB SPL, and after 3 h, it was observed only at 5 kHz with 
the mean value of 1.05 dB SPL.
The TEOAE parameters in the control group had an un-
changed course over time.

It may therefore be concluded that a short term exposure 
to impulse noise generated by the rifle gunshots of cali-
ber 7.62 mm induces a small temporary threshold shift of 
hearing (otoacoustic emission shift) with maximum at high 
frequencies of 4 and 5 kHz and minimum at 1 and 2 kHz; 
if the TEOAE magnitude reduction is higher, the recovery 
time is prolonged.
The effect of threshold shift due to sound impact is gener-
ally attributed to various mechanisms at the middle ear, 
cochlear and neural levels. However, there are great indi-
vidual variations in TTS, and the correlation between TTS 
and individual susceptibility to noise-induced hearing loss 
is still uncertain. Anyhow, one may assume that TEOAE 
reflects the functional state of the cochlea more exactly 
than audiometric TTS, and thus TEOAE may be regarded 
as a possible indicator for vulnerability of the ear. Hence, 
further studies on relations between TTS and TEOAE 
should continue.
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