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Introduction

Firearms are widely used by professionals in the military, 
private security, and law and enforcement, as well as individ-
uals engaging in hobby sports such as hunting and shooting. 
Hunting is a very popular hobby in Cyprus, and participants 
are exposed to intense loud sounds during the hunting season 
and training. These intermittent loud sounds from firearms can 
cause irreversible damage to the hunter’s auditory system.

Exposure to loud sounds is a major cause of irreversible sen-
sorineural hearing loss. Therefore, hunters should have their 
hearing checked prior to the appearance of clinical complaints. 

At this stage, it is extremely important to assess the severity of 
damage. Once damage has occurred and progressed margin-
ally, the expected findings of standard conventional audio-
grams for these individuals are normal or an exhibition of mild 
hearing loss at low frequencies and moderate to severe loss at 
high frequencies. In addition, an audiometric notch that inten-
sifies at a frequency of 4 kHz is accepted to indicate an early 
loss of hearing [1].

Recently, some publications have reported that hearing at 
extended high frequencies (EHFs; 10-20 kHz) may be affect-
ed before any changes are observed in conventional frequen-
cies and audiometric notches in people who have been ex-
posed to intermittent loud sounds [2].

In our study, we studied a group of recreational hunters who 
used firearms. We found that their speaking frequencies and 
wideband tympanogram values were normal and that they had 
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no complaints of hearing loss or tinnitus. Our research aimed 
to identify hearing loss at an early stage and assess the dam-
age at this preclinical period by comparing hearing thresholds 
at conventional high frequencies (CHFs) with EHFs.

Subjects and Methods

Audiological tests (conventional and extended high-frequen-
cy audiograms and broadband tympanograms) of hunters who 
visited the hospital with complaints other than ear problems 
were reviewed retrospectively. There were no complaints of 
tinnitus or hearing loss during anamnesis. The ENT examina-
tions were normal and did not reveal any known systemic dis-
eases such as diabetes mellitus, hypertension, or coronary ar-
tery disease. A total of 112 men between the ages of 22 and 45 
years, who had been hunting regularly (20 times a year, with 
an average of 10 shots per day) since the age of 18, were in-
cluded in the study. While the study was in progress, 7 patients 
were excluded because 5 of these patients had previously un-
detected type 2 diabetes mellitus and 2 had hypertension. In 
the control group, 45 occupational professionals who satisfied 
the same criteria but who were not exposed to loud noise were 
included. The worse ear of each participant was included in 
the study. All tests were performed in the audiometry labora-
tory of Near East University using Interacoustics AC 40 (As-
sens, Denmark) and Interacoustics Titan devices.

We classified the results of conventional high-frequency au-
diometry (CHFA) and extended high-frequency audiometry 
(EHFA) in these individuals and investigated the relationships 
between them. Concurrently, we examined the relationship be-
tween audiometric values at the acoustic notch formed at 4 kHz 
and at EHFs.

In conventional audiometry (CA), frequencies in the range 
of 0.25-8 kHz from the airway and 0.5-6 kHz from the bone 
canal were measured. Pulsed tones were delivered on a deci-
bel hearing loss (dB HL) scale, and discrimination scores were 
determined. The average loss values were calculated by tak-
ing the arithmetic average of the threshold values at 0.5, 1, 
and 2 kHz. In EHFA, pulsed tones were measured separately 
at 10-18-kHz intervals. In the broadband tympanogram, the 
V, P, C, G, and resonance frequencies were measured. A 
threshold increase of more than 25 dB at any CHF (4, 6, or 8 
kHz) was considered a problem-acceptance criterion for 
CHFA. Likewise, a threshold increase of more than 25 dB at 
any EHF (10, 12, 14, 16, or 18 kHz) was considered a prob-
lem criterion for EHFA.

Demographic characteristics of individuals such as age, 
gender, occupation, and audiometry results were recorded in 
an Excel format, and data were analyzed using SPSS V23 

(IBM Corp., Armonk, NY, USA). Conformity to a normal dis-
tribution was evaluated using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. The chi-square test was used to compare 
categorical variables across groups. Independent two-sample 
t-tests were used to compare normally distributed data accord-
ing to paired groups, and the Mann-Whitney U test was used 
to compare non-normally distributed data. One-way analysis 
of variance was used to compare normally distributed quanti-
tative data according to groups of three or more, and the Krus-
kal-Wallis test was used to compare non-normally distributed 
data. Spearman’s rho correlation coefficient was used to ex-
amine the relationship between the non-normally distributed 
data. Results of the analyses are presented as mean±standard 
deviation and median (minimum-maximum) for quantitative 
data, and as frequency (percentage) for categorical data. The 
significance level was set at p<0.050.

Ethics statement
This study was approved by the Scientific Research Ethics 

Committee of Near East University (Research Project Evalu-
ation Report No: 2020/85-1188). Written informed consent 
was obtained from the participants.

Results

There was no difference between the hunter and control groups 
in terms of age or broadband tympanogram results. The mean 
ages were 32.66 years and 32.59 years, respectively, and the 
respective average CA values were 11.21 dB and 7.69 dB. The 
tympanometric results were normal in all individuals.

In 62 of 105 hunters (59.1%), an increase of hearing thresh-
old was detected in the CHFs (4, 6, and 8 kHz), while the 
number of hunters with an increase of threshold in any of the 
EHFs (10, 12, 14, 16, and 18 kHz) was 82 (78.1%). The num-
ber of hunters with an increase in either test was 87 (82.9%). 
Only 4 of the 42 patients (9.5%) in the control group with a 
similar mean age showed an increase in CHF threshold val-
ues. The number of patients with an increase in any of the EHF 
threshold values was 9 (21.4%) (Table 1).

There was a significant difference between the distribution 
of patients who had problems in the EHFA and those who had 
problems in the CHFA (p<0.001). Furthermore, 91.9% (n=57) 
of patients (n=62) who had problems with regard to CHFA 
were also found to have problems with regard to EHFA. More-
over, 58.1% (n=25) of those who had normal findings based 
on CHFA (n=43) were found to have problems with regard to 
EHFA. Of the 23 patients who had normal findings with re-
gard to EHFA, only five had problems with regard to CHFA. 
In the control group, three of the four patients with problems 
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with regard to the CHFA values also had problems with re-
gard to their EHFA values, while only one out of the 33 pa-
tients with normal EHFA values had problems with regard to 
their CHFA values (Table 2).

Analysis of CHF groups 
A total of 105 patients with normal findings for convention-

al low frequencies (125 Hz and 250 Hz) and normal speech 
frequencies (0.5, 1, and 2 kHz) were divided into five groups, 
taking into account the changes in hearing thresholds at CHFs 
(4, 6, and 8 kHz): 1) Group 1, the mean threshold was nor-
mal; 2) Group 2, there was an increase at 4 kHz, but findings 
were normal at 8 kHz (a notch was present); 3) Group 3, thresh-
olds at 4 kHz and 8 kHz were increased, but there was an 
improvement at 8 kHz (a notch was present); 4) Group 4, the 
threshholds at 4 kHz were normal but increased at the 8-kHz 
threshold; 5) Group 5, the thresholds at the 4-kHz and 8-kHz 
were increased, but the increase at 8 kHz was greater (no acous-
tic notch was observed, and a progressively worsening audio-
gram was observed). The statistical analysis determined that 
the median thresholds of all EHFs (kHz) differed between the 

groups (p<0.001) (Table 3).
As shown in Table 3, the thresholds at EHFs were found to 

be similar in CHF Groups 1 and 2. A slight threshold increase 
was detected at 16 kHz (31.9-44.1 dB), 14 kHz (27.9-36.9 
dB), and 12 kHz (27.9-32.2 dB) in the groups, although it 
was worse in Group 2 with notches. In Groups 3 and 4, the 
detected values at 10, 12, 14, and 16 kHz were 53, 55, 53, 
and 52 dB and 60, 64, 60, and 62 dB, respectively. In Group 
5, the respective values were 77, 76, 69, and 62 dB (Table 3). 

In the study group, 47 patients were recorded to have a notch 
(increased at the 4-kHz threshold but better at the 8-kHz 
threshold). In 34 of 47 (72.3%) patients with a notch, one or 
more EHF values were increased, while normal EHF values 
were recorded in 13 (27.7%) patients. However, there was no 
significant difference between values at the acoustic notch at 
4 kHz and the threshold increase at EHFs (10-18 kHz) (p= 

0.199) (Table 4).

Analysis of threshold increases at EHFs
A total of 105 patients were divided into six groups based 

on the mean values of the EHF hearing thresholds, and these 

Table 1. Comparative results of CHFA and EHFA data in the hunter and control groups

CHFA and EHFA together
Test 

statistic (χ2)
pControl group (n=42) Hunter group (n=105)

Normal Problem Total Normal Problem Total

Only EHFA 77.451 ＜0.001
Normal 32 (100) 1 (10) 33 (78.6) 18 (100) 5 (5.7) 23 (21.9)

Problem 0 (0) 9 (90) 9 (21.4) 0 (0) 82 (94.3) 82 (78.1)

Only CHFA 31.323 ＜0.001
Normal 32 (100) 6 (60) 38 (90,5) 18 (100) 25 (28.7) 43 (41)

Problem 0 (0) 4 (40) 4 (9.5) 0 (0) 62 (71.3) 62 (59.1)

Total 32 (76.2) 10 (23.8) 42 (100) 18 (17.1) 87 (82.9) 105 (100)

The results showed the distribution of patients in the control and hunter groups when CHFA and EHFA were performed together, 
and when only EHFA alone or only CHFA alone was performed. Data are presented as n (%). Problem (threshold increase): For 
EHFA, detecting a threshold increase of more than 25 dB at any EHF (10, 12, 14, 16, or 18 kHz). For CHFA, detecting a threshold in-
crease of more than 25 dB at any of the CHFs (4, 6, or 8 kHz). Normal: For EHFA; all EHFs (10, 12, 14, 16, and 18 kHz) had a threshold 
of 25 dB or better. For CHFA, all CHFs (4, 6, and 8 kHz) had a threshold of 25 dB or better. χ2: chi-square test statistic. CHFA, conven-
tional high-frequency audiometry; EHFA, extended high-frequency audiometry; CHF, conventional high-frequency; EHF, extended 
high-frequency

Table 2. Distribution of EHFA according to CHFA in the control and hunter groups

EHFA
CHFA

Test 
statistic (χ2)

pControl group (n=42) Hunter group (n=105)

Normal Problem Total Normal Problem Total

Normal 32 (84.2) 1 (25.0) 33 (78.6) 18 (41.9) 5 (8.1) 23 (21.9)

16.953 ＜0.001Problem   6 (15.8) 3 (75.0) 9 (21.4) 25 (58.1) 57 (91.9) 82 (78.1)

Total 38 (90.5) 4 (9.5) 42 (100) 43 (40.9) 62 (59.1) 105 (100)

Data are presented as n (%). Problem (threshold increase): For EHFA, detecting a threshold increase of more than 25 dB at any 
EHF (10, 12, 14, 16, or 18 kHz); for CHFA, detecting a threshold increase of more than 25 dB at any of the CHFs (4, 6, or 8 kHz). Normal: 
For EHFA, all EHFs (10, 12, 14, 16, and 18 kHz) had a threshold of 25 dB or better. For CHFA; all CHFs (4, 6, and 8 kHz) had a thresh-
old of 25 dB or better. χ2: chi-square test statistic. CHFA, conventional high-frequency audiometry; EHFA, extended high-frequen-
cy audiometry; CHF, conventional high-frequency; EHF, extended high-frequency
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groups were compared with their mean thresholds at CHFs: 
1) Group 1, the average threshold <25 dB; 2) Group 2, 25-34 
dB; 3) Group 3, 35-44 dB; 4) Group 4, 45-54 dB, 5) Group 
5, 55-64 dB, and 6) Group 6 ≥65 dB.

The average thresholds of the graded and grouped EHF are 
compared with the average CHF values in Table 5. A signifi-
cant difference was found between the median values at 4 kHz 
and 8 kHz between the groups (p<0.001). The median thresh-
olds of Groups 1 to 6 at 4 kHz were 15, 20, 25, 30, 35, and 70 
dB, respectively, and were 10, 15, 27.5, 25, 60, and 80 dB for 
8 kHz. The highest median thresholds were obtained from 
Group 6, while the lowest median thresholds were obtained 
from Group 1. The mean ages of the groups were 28.11, 30.78, 
33.42, 36.71, 33.83, and 37.87 years, respectively (Table 5).

The analysis showed that although the mean CHF thresh-
olds were normal in the Groups 1 and 2, the values at 8 kHz 
were better than those at 4 kHz (notches were present). In 
Groups 3 and 4, the thresholds at 4, 6, and 8 kHz were slight-
ly increased at the same level. The threshold values at 4, 6, 
and 8 kHz increased gradually in Groups 5 and 6, respective-
ly. In Groups 1, 2 and 3, the most affected frequencies among 
the EHFs were 16, 14, and 12 kHz. In Group 6, which exhib-
ited the worst findings, thresholds at 8 kHz in the CHF were 
affected as much as the EHF values (Fig. 1).

DISCUSSION

Hunting with firearms is a popular recreational sport in 
northern Cyprus. Hunters in Cyprus use 12 caliber rifles with 
70-mm cartridges with a recorded loudness of 140 dB peSPL 
[2]. The World Health Organization has determined 120 dB 
peSPL for short, sudden, and high sounds to be safe. Without 
ear protection, sounds higher than 120 dB peSPL can poten-
tially damage the hearing system. 

However, despite this harmful effect, hunters in northern 
Cyprus do not use ear protectors on the pretext that it limits 
their hunting ability. Avoiding ear protectors is also common 

Table 4. Affected status of EHFs according to the presence of a 
notch

EHF
Notch

Total
Test 

statistic (χ2)
p

No Yes

Normal 10 (17.2) 13 (27.7) 23 (21.9)

1.647 0.199Problem 48 (82.8) 34 (72.3) 82 (78.1)

Total 58 47 105
Data are presented as n (%). Problem (threshold increase): For 
EHFA, detecting a threshold increase of more than 25 dB at any 
EHF (10, 12, 14, 16, or 18 kHz). Normal: For EHFA, all EHFs (10, 12, 
14, 16, and 18 kHz) had a threshold of 25 dB or better. EHF, ex-
tended high-frequency; EHFA, extended high frequency audi-
ometry
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in other parts of the world [3]. 
It is crucial to detect and grade the damage that occurs be-

fore hearing problems manifest, because it may lead to a more 
rigorous implementation of necessary protective measures. 
Conventional audiograms used in standard diagnosis are in-
sufficient to show damage during this preclinical period. Al-
though some publications have reported the contrary [4,5], 
many studies have shown that the most sensitive method for 
detecting damage to the hearing system in people exposed to 

loud noise is EHFA [6-10]. However, very few studies have in-
vestigated the relationship between acoustic notches and EHFA, 
and our literature search did not find any studies regarding the 
classification of audiological findings in the pre-clinical period.

Previous studies [2,9,10,11] found that EHFA (10-16 kHz) 
is more sensitive than CA (0.5-8 kHz) in detecting the early 
effects of damage due to exposure to dangerously loud noises. 
Mehrparvar compared EHFA with CA and DPOAEs (0.5-6 
kHz) and found that EHFA was more sensitive. In addition, 
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Fig. 1. Analysis of EHF groups. CA, conventional audiogram; EHF, extended high-frequency.

EHF group

Table 5. Comparison of hearing thresholds in CHFs (4 kHz and 8 kHz) according to the EHF group

EHF groups* Avg. age (yr)
Hearing threshold in CHFs (dB)

4 kHz 8 kHz
Mean±SD Median (range) Mean±SD Median (range)

Group 1 (n=35) 28.11 19.5±16.9 15.0 (0.0-65.0)c 14.4±15.2 10.0 (0.0-80.0)d

Group 2 (n=9) 30.78 24.6±17.2 20.0 (5.0-65.0)bc 15.8±8.2 15.0 (5.0-30.0)cd

Group 3 (n=12) 33.42 28.8±17.9 25.0 (5.0-65.0)abc 27.9±17.8 27.5 (5.0-60.0)bcd

Group 4 (n=17) 36.71 33.8±22.9 30.0 (10.0-85.0)abc 35.6±22.0 25.0 (15.0-75.0)bc

Group 5 (n=17) 33.83 43.8±25.1 35.0 (15.0-85.0)ab 53.8±23.4 60.0 (20.0-85.0)ab

Group 6 (n=15) 37.87 62.0±25.6 70.0 (20.0-95.0)a 75.7±20.3 80.0 (30.0-110.0)a

Test statistics (χ2) 32.56 61.305
p ＜0.001 ＜0.001
χ2: Kruskal-Wallis test statistic, a-d: No difference between groups with the same letter. *EHFs grouped based on the mean hear-
ing thresholds in EHFs (at 12, 14, 16, and 18 kHz). Group 1, average thresholds ＜25 dB; Group 2, 25-34 dB; Group 3, 35-44 dB; 
Group 4, 45-54 dB; Group 5, 55-64 dB; and Group 6, ≥65 dB. CHF, conventional high-frequency; EHF, extended high-frequency; 
CHF, conventional high-frequency; EHF, extended high-frequency
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Türkkahraman et al. [12] and Mehrparvar et al. [2] found in 
their studies that audiometric values at 14 kHz and 16 kHz 
were more sensitive to hazardous noise than those at other 
frequencies. In a study conducted on civilian pilots, signifi-
cant elevations were found in the hearing threshold in both CA 
and EHFA; however, these threshold increases were more 
pronounced in EHFA. In the same study, significant differ-
ences were observed in EHFA in pilots with normal hearing 
thresholds in CA [13]. In Gordon et al.’s study [14] of people 
who had just left the army, 29% exhibited a threshold above 
20 dBL in CA, whereas this rate was 42% in EHFA. Rodrí-
guez Valiente et al. [15] showed that one of the 11 examples 
in which EHFA is useful for the early detection of hearing loss 
in people with normal CA is hearing loss due to loud sounds 
(in musicians). 

However, some studies have found conflicting results re-
garding the relationship between noise exposure and EHF 
hearing threshold shifts. Silvestre et al. [16] reported no cor-
relation between hearing threshold shifts at all high frequen-
cies in individuals exposed to personal stereo devices. The 
fact that these studies considered only one leisure time activ-
ity without considering many other activities may explain these 
inconsistent results [16]. In the study by Balatsouras et al. [5], 
individuals exposed to impulse noises were evaluated using 
EHFA, and no statistically significant threshold difference was 
found between CA and EHFA in these studies. 

In our study, the detection rate of EHF threshold increase 
was 78.1% and the rate of CHF threshold increase was only 
59.1%. The rate increased to 82.9% when the two tests were 
performed together (Table 1). In addition, 25 (58.1%) patients 
(n=43) with normal CHF thresholds showed an increase in 
EHF thresholds, whereas an increase in CHF thresholds was 
observed in only 5 (8.1%) of 23 patients with normal EHF 
values. CHF findings were found to be normal in 25 of 82 
patients with an increased EHF threshold, while EHF find-
ings were found to be normal in only 5 of 62 patients with an 
increased CHF threshold (Table 2). These results show that 
EHFA is more sensitive than CA in detecting damage to the 
auditory system in people exposed to intermittent loud sounds.

Wei et al. [17], who performed one of the first few studies 
on the acoustic notch and EHFA, found a strong and stable 
relationship between the hearing threshold shift at 10, 11.2, 
12.5, and 14 kHz and the audiometric notch. Based on this 
study, they hypothesized that the threshold shift at EHFs 
might be indicative of an audiometric notch appearance at a 
later time point. 

In our study, there was no statistically significant difference 
in the distribution of patients with EHF values according to 
notch status (p=0.199). We found that 47 of the patients had 

a notch, and while 72.3% (34 patients) of this group showed 
an increase in the EHF values, only 27.7% had normal EHF 
findings. At the same time, 48 (82.8%) of the 58 patients who 
did not exhibit a notch had problems according to EHF val-
ues (Table 4). These findings demonstrate the importance of 
EHFA in detecting cochlear damage with or without a notch. 

In the groups based on changes in CHF values, we detected 
an average threshold increase in intensities at the EHFs in par-
allel with the threshold increase intensities recorded at CHFs. 
Although hearing at 4 kHz and 8 kHz was normal in Group 1, 
significant increases in threshold values were observed in the 
16, 14, and 12 kHz. However, although the EHF values in Group 
2 were similar to those in Group 1, an increase was recorded 
in the 4 kHz. These findings suggest that once cochlear dam-
age begins to occur, it first affects the EHFs and then affects 
both EHFs and CHFs. The most sensitive EHFs at this initial 
stage were 16, 14, and 12 kHz. In the next stage, it seems that 
4 kHz is affected. In later stages, as more serious hearing loss-
es begin to occur in the EHFs, the 8 kHz and 4 kHz are affect-
ed (Table 3). 

In the analysis of threshold increases with regard to EHFs, 
in Group 1, whose mean threshold values for EHF and CHF 
were within normal limits, there was a slight increase in thresh-
olds at 16 kHz and 4 kHz (Fig. 1), which did not exceed the 
normal limits detected. In Group 2, which showed a slight in-
crease in the mean EHF threshold values, a very slight increase 
at 4 kHz (mean 26.26 dB) and a mild increase at 16 kHz (mean 
47.08 dB) were observed. This suggests that 16 kHz plays an 
important role in detecting damage during the early period. 
At 4 kHz, it is notable that it increased within normal limits in 
Group 1 and showed a slight increase, such as at 12 kHz and 
14 kHz, in Group 2. Although we could not find a significant 
relationship between the acoustic notch and extended high 
frequencies, it should be kept in mind that these findings may 
indicate the next stage of damage, and further research should 
be conducted. 

In Groups 3 and 4 with mean EHF threshold values in the 
35-54 dB range, the notch at 4 kHz disappeared. In Groups 
5 and 6, whose average threshold value was above 55 dB, av-
erage values at 8 kHz were seen to increase more than the av-
erage threshold values at 4 kHz; that is, they gained a down-
load feature. In other words, as the average threshold values of 
the EHFs increased, the threshold values increased at 4 kHz 
and were equalized at 4-8 kHz. Finally, in advanced cases, the 
CHF audiogram gained a download feature (Table 5, Fig. 1). 

In addition, the threshold increased at 8 kHz, and the EHFs 
showed parallelism. This indicates that the threshold increase 
in the 8-kHz range may be an indicator of a poor prognosis for 
individuals exposed to intermittent loud sounds. 
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As can be seen in Table 5, there is a parallelism between in-
creases in mean EHF thresholds and age (time to noise expo-
sure). Although the study group was similar in age to the con-
trol group, differences in the duration of exposure to noise 
between subjects is a limitation of the study.

By considering the total number of patients, the detection 
rates of increase in hearing threshold values for CA, EHFA, 
and for both tests performed together were 59.1%, 78.1%, and 
82.9%, respectively. This shows that we can detect a much 
higher rate of early-stage hearing problems in hunters who do 
not have clinical hearing problems by performing EHFA and 
CA together, instead of CA alone.

In our study, an increase of threshold in EHFs was first de-
tected in those exposed to intermittent loud sounds, even if 
CHFs were not affected. The first affected EHFs were 16 kHz, 
14 kHz, and 12 kHz. Although there was no statistically sig-
nificant relationship between values at the notch and at the 
EHFs, the presence of a notch at 4 kHz, provided that 8 kHz 
is normal, may indicate a later stage of damage. However, this 
hypothesis must be supported by further studies. In a later 
stage of the damage, it was observed that the threshold at 8 
kHz was first equalized to that at 4 kHz, and that the EHF 
thresholds increased even further. In the final stage, the thresh-
old at 8 kHz was more affected than that at 4 kHz, and the in-
crease in the EHFs progressed further.

By using EHFA, damage to the hearing system can be de-
tected early, and preventive measures can be taken more care-
fully, leading to better quality of life and hearing health. 
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