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Introduction

Like many civilian occupations,1 in military 
occupations, noise exposure is considered one of 
the most prevalent occupational health hazards, and 
noise-induced hearing loss (NIHL) is commonly 
reported.2,3 Military personnel are highly reliant on 
hearing acuity for effective verbal communication 
and for executing mission-critical auditory tasks.4 
Despite tremendous technological efforts to reduce 
environmental noise and to optimize individual 
protection, military personnel, including those 
in the Belgian armed forces,5,6 remain exposed 
to potentially hazardous, continuous noise and 
harmful impulse noises.7,8 Both of these types 
of noise can have a harmful impact on the inner 
ear. In this context, it has been demonstrated 
that NIHL can degrade operational performance 
and readiness during military activities.9 Noise 
exposure that results in a temporary threshold shift 

has a reversible impact on outer-hair-cell function, 
as demonstrated by the recovery of otoacoustic 
emissions and cochlear microphonics.10 On the other 
hand, continuous or repeated exposure to noise can 
influence the course of a temporary threshold shift, 
by pushing it towards a permanent threshold shift. 
Also, cumulative exposure to impulse noises and 
continuous noises can result in more severe hearing 
loss.11 From a clinical point of view, Tetsuro et 
al. subdivided acute NIHL into two categories: 
an acoustic trauma (AT), caused by an extremely 
intense noise level (above 130 dB); and an NIHL 
that occurred after a specific noise exposure time, 
ranging from several minutes to several hours.12 
The primary objective of the present study was 
to describe the clinical and demographic profiles 
of all cases of AT declared in the Belgian armed 
forces over 5 years, from 2013 through 2017. Our 
secondary objectives were to define the profiles of 
military personnel that presented with objective 
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For the purpose of this study, we compared 
audiometry assessed before and after the AT, in both 
ears. For each patient, we had audiological data for 
three time points: before the trauma (baseline), at 
0-7 days after the AT (ATP I), and at 1 to 6 weeks 
after the AT (ATP II). For each patient, we measured 
the pure tone average (PTA) threshold at 3, 4, and 
6 kHz (PTA 3-4-6) and calculated the differences 
(threshold shifts) between the baseline and either 
the ATP I or ATP II measurements (Figure 2). We 
defined a PTA 3-4-6 of ≥10 dB, in one or both 
ears, as a clinically significant threshold shift in 
audiometry. Based on several standards, this shift 
was considered an indicator of significant hearing 
loss.10,13 

Subgroup 1 consisted of individuals with 
objective hearing loss (mean shift >10 dB PTA) 

hearing loss immediately after a AT, and the profile 
of those with residual objective hearing loss at 6 
weeks after AT.

Materials and methods

We conducted a retrospective analysis of clinical, 
audiometric, and therapeutic data for a cohort of 192 
Belgian Military personnel that had been exposed 
to acoustic trauma during January 2013 - December 
2017 and had been referred to the Medical Service 
of the Belgian Defense Forces. Every military 
member that had been affected by acoustic trauma 
(in training or on a military mission) was referred 
to the occupational center of the unit. Then, they 
were referred to the Center for Medical Expertise 
(ENT-department of the Queen Astrid Military 
Hospital [QAMH], in Neder-over-Heembeek) for 
a complementary clinical examination, audiometric 
testing, and treatment, when indicated. All affected 
military personnel were treated with an initial dose 
of 32 mg oral methylprednisolone. When no clinical 
improvement was observed within 24 h, hyperbaric 
oxygen (HBO) therapy was added.

Clinical data from these referrals were collected 
into a database. These data included the way 
hearing protective devices (HPDs) were used. To 
complete the profile of these soldiers, these data 
were cross-linked with an existing database which 
held the demographic data of Belgian military 
defense personnel (military function, military rank, 
age, sex, etc.). The latter database also contained 
audiometric data from routine hearing tests. All 
data entries were anonymized for the study and 
referred to by a unique number.

Figure 1 presents a flow diagram of the exclusion 
criteria. We identified 316 members of the Belgian 
Defense Forces that were diagnosed with AT and 
referred to the ENT-department of the QAMH in 
Neder-over-Heembeek. Of these, we excluded 15 
military reservists, due to a lack of audiometric 
and demographic information (they had been 
assessed and treated in a civilian setting). Another 
16 individuals were excluded, because they had 
sustained the AT in their private life, not in a 
professional defense setting. Three subjects were 
excluded because their ATs were not due to an 
impulse noise, but to continuous exposure (in these 
cases, exposure to engines and a grinding wheel).  
Finally, we also excluded 90 subjects that did not have 
the required number of audiometric assessments. 

Figure 1
Flow diagram of exclusion criteria for the study population of 
Belgian Defense personnel, from January 2013 to December 
2017. AT = acute acoustic trauma; ATP = Audiometry time 
point.

Figure 2
Flow chart of audiometric measurements at different times to 
determine function after acute acoustic trauma (AT). ATP I = 
Audiometry Time Point I. ATP II = Audiometry Time Point II.
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26, but the individuals most affected were 22, 
23, and 24 years old (14.1%, 10.4%, and 9.9% 
respectively). Most patients reported a single AT 
(96.4%); 6 patients had 2 ATs; and only 1 had three 
ATs during the study period. 

Over two thirds of our population (66.5%) were 
in training when the incident occurred. The other 
33.5% had finished their military training. The 
majority of ATs occurred in military members active 
in the land forces (70.9%), but a minority occurred 
in the air, naval, and medical forces. Furthermore, 
the majority of patients were volunteers (49%), 
rather than petty officers or officers, and these 
volunteers were mainly deployed in active combat 
services (37%). The mean seniority of our military 
members was 5.4 years; the minimum time spent in 
the military was 0 months (i.e., they had just started; 
5.4%) and the maximum was 30 years. According 
to their professional function in the military forces, 
personnel have a pre-existing probabilitie of noise 
exposure, referred to as ‘BHK noise probability’. 
This was scored as ‘high’ in 70%, ‘low’ in 25.6%, 
and ‘moderate’ in 4.4% of study participants.

Symptoms and incident description 

Symptoms occurred in the right ear in 42.1%, 
the left ear in 46.4%, and bilaterally in 11.5% of 
patients (Table 1). The most frequent symptom 
after an AT was tinnitus (82.8%), followed by 
subjective hearing loss (54.2%) and aural pressure 
(38%). Other symptoms, like otalgia, vertigo, and 
hyperacusis were much less frequently reported 
(4.2%, 2.6%, and 2.1%, respectively). Interestingly, 
only 52% of subjects that had perceived a subjective 
hearing loss displayed objective shifts of 10 dB or 
more within one week after the AT. In contrast, 24% 
of subjects that did not report subjective hearing 
loss displayed objective threshold shifts of more 
than 10 dB (Pearson Chi-Square, p>0.0001).

Up to 43% of participants admitted that they were 
not wearing HPDs during the incident. Only 17.4% 
of patients were wearing HPDs in an adequate 
manner; 29.1% reported incorrect applications, 
most frequently due to ‘incomplete closures’ or 
that they had lost the HPD. Most incidents (70%) 
occurred with rifles and submachine guns. In 
our cohort, 40% of patients received additional 
treatment with hyperbaric oxygen.

Similar results were found in patients with 
objective hearing losses measured at ATP I and ATP 

within one week after the AT. Subgroup 2 consisted 
of individuals with objective hearing loss that had 
persisted for 6 weeks after the AT.

First, we described our main cohort of individuals 
that experienced AT in the Belgian armed forces. 
Second, we performed the Mann-Whitney-U test 
or Kruskal Wallis test to determine the influences 
of several independent variables on the mean shifts 
in hearing thresholds measured at ATP I and ATP 
II. Finally, we performed a logistic regression to 
analyze potential associations between objective 
hearing loss at ATP I or ATP II and multiple 
independent variables. 

All p-values were two-tailed, and p-values ≤0.05 
were considered statistically significant. Odds ratios 
(ORs) are presented with 95% confidence intervals 
(95%CIs). All statistical analyses were performed 
with SPSS software.

This study was performed after approval from 
the Ethics Committee of the Ghent University 
Hospital (nr. B670201525633).

Results

Incidence and prevalence 

In this study, we found that the prevalence and 
incidence of AT in the Belgian Defense Forces 
remained limited. The 192 patients included in our 
study experienced an AT exposure that resulted 
from an action in Belgian defense Forces. Taking 
into account the total military staff population of 
30,130 individuals in 2017, the highest incidence 
of AT was 2.72 per 1000 persons in that year (i.e., 
2.72/1000 person-years [PY]). The lowest incidence 
was in 2015, with a rate of 0.5/1000 PY. The mean 
incidence per year was 0.124%; i.e., 1 new AT case 
for every 818.75 individuals, on a yearly basis. The 
prevalence of AT from 2013 to 2017 was 0.61%, 
assuming a mean total population of 31,440 and 
192 included patients. 

Demographics 

The 192 study participants included 19, 50, 17, 
24, and 82 AT cases in 2013, 2014, 2015, 2016, 
and 2017, respectively (Table 1). The majority of 
our population were male (94.8%); 45.8% spoke 
French, and 54.2% spoke Dutch; and the mean 
age was 26 years (range 17 to 50). The cumulative 
percentage of AT cases was 68.2% at the age of 
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Table 1
Characteristics of the main cohort and two subgroups, at the time of an acute acoustic trauma

Characteristic Main Cohort:  
Total study population (n = 192)

Subgroup 1: Objective hearing 
loss at ATP I  (n = 79)

Subgroup 2: Objective hearing 
loss at ATP II (n = 20)

Frequency Valid Percent (%) Frequency Valid Percent (%) Frequency Valid Percent (%)
Sex
   Male
   Female

182
10

94.8
5.2

77
2

97.5
2.5

20
0

100
0.0

Year
   2013
   2014
   2015
   2016
   2017

19
50
17
24
82

9.9
26.0
8.9
12.5
42.7

11
23
12
7
26

13.9
29.1
15.2
8.9
32.9

3
3
5
1
8

15.0
15.0
25.0
5.0
40.0

Language
   French
   Dutch

88
104

45.8
54.2

32
47

40.5
59.5

7
13

35.0
65.0

Side of symptoms
   Right
   Left
   Bilateral

77
85
21

42.1
46.4
11.5

30
34
11

40.0
45.3
14.7

3
11
5

15.8
57.9
26.3

Subjective hearing loss
   Yes
   No

104
78

57.1
42.9

54
19

74.0
26.0

17
2

89.5
10.5

Tinnitus
   Yes
   No

159
23

87.4
12.6

69
4

94.5
5.5

18
1

94.7
5.3

Aural pressure
   Yes
   No

73
109

40.1
59.9

32
41

43.8
56.2

6
13

31.6
68.4

Otalgia
   Yes
   No

8
174

4.4
95.6

3
70

4.1
95.9

1
18

94.7
5.3

Hyperacusis
   Yes
   No

4
178

2.2
97.8

1
72

1.4
98.6

0
19

0.0
100

Vertigo
   Yes
   No

5
177

2.7
97.3

4
69

5.5
94.5

2
17

10.5
89.5

Type of weapon
  rifles/submachine guns
   Machine guns
   Pistols
   Impact zone explosion
   Mortar/law missile 

113
21
10
8
7

71.1
13.2
6.3
5.0
4.4

40
10
5
4
1

66.7
16.7
8.3
6.7
1.7

9
4
3
0
1

52.9
23.5
17.6
0.0
5.9

Hearing protection: 
   Yes (no information)
   Yes, correctly
   Yes, incorrectly
   No 

18
30
50
74

10.5
17.4
29.1
43.0

7
8
30
24

10.1
11.6
43.5
34.8

1
2
6
9

5.6
11.1
33.3
50.0

Branch of service
   Army, land force
   Air force
   Other(Medical, naval)

129
14
39

70.9
7.7
21.4

51
7
13

64.6
8.9
16.5

14
1
4

73.7
5.3
21.1

Education
   In training
   Graduated

121
61

66.5
33.5

35
36

49.3
50.7

10
9

52.6
47.4

Unit
   Combat
   Corporate
   Combat support
   Combat support and service

71
34
38
39

37.0
17.7
19.8
20.3

33
18
8
12

46.5
25.4
11.3
16.9

8
5
2
4

42.1
26.3
10.5
21.1
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military personnel in-training and graduated varied 
significantly between the subgroups. These ratios 
were 2:1 (total cohort), 0,9:1(subgroup 1), and 
1,1:1 (subgroup 2).

The audiological results are displayed in Tables 
2 and 3. Forty-one percent of our patients were 
diagnosed with objective hearing loss at ATP I. The 
mean difference in hearing before and after the AT 
was 23 dB in the right ear and 21 dB in the left 

II (Table 1). Patients in both groups were mostly 
males, Dutch-speaking, and had subjectively 
reported hearing loss in the left ear; tinnitus was the 
most frequent complaint; they mainly used rifles 
and submachine guns; and most served in the land 
forces. In the descriptive analysis of the incidents, 
we noticed that subgroup 1 reported incorrect 
HPD applications (43.5%) more frequently than 
subgroup 2 (33.3%). Furthermore, the ratio between 

Rank
   Volunteer
   Petty officer
   Officer

94
69
19

49
35.9
9.9

45
21
5

63.4
29.6
7.0

12
7
0

63.2
36.8
0.0

BHK Noise Probability
   High
   Moderate
   Low

126
8
46

65.6
4.2
24.0

47
2
21

67.1
2.9
30.0

12
0
6

66.7
0.0
33.3

Age (years)
   Minimum
   Maximum
   Mean 
   Standard Deviation

17
50

26.56
7.901

19
50

28.2
9.333

19
48

29.2
9.897

Seniority (years)
   Minimum
   Maximum
   Mean
   Standard deviation

0
30
5.4

7.908

0
30

6.96
9.418

0
29
8.5

10.201
ATP = Audiometry Time Point; Valid Percent = the percent after exclusion of missing data.

Parameter

PTA 3-4-6 (dB) (n = 79)
Right ear (n = 51) Left ear (n = 54)

Before AT After AT Shift Before AT After AT Shift
Mean 10.82 23.30 23.30 14.07 34.98 20.90
Median 8.33 18.33 18.33  10.00 30.00 16.67
Standard deviation 9.119 11.820 11.820 11.766 16.417 12.060
Minimum 0 10 10 2 15 10
Maximum 47 52 52 65 82 62

Table 2
Audiometric characteristics of subgroup 1 with objective hearing loss at ATP I

ATP = Audiometry Time Point; PTA = Pure tone average threshold; AT = acute acoustic trauma.

Parameter PTA 3-4-6 (dB) (n = 20)
Right ear (n = 10) Left ear (n = 19)

Before AT After AT Shift Before AT After AT Shift
Mean 10.00 38.17 28.17 14.21 33.51 19.30
Median 10.00 43.33 29.17 13.33 33.33 15.00
Standard deviation 7.577 13.910 11.040 10.648 11.744 9.755
Minimum 0 18 10 3 15 10
Maximum 25 55 40 47 57 40

Table 3
Audiometric characteristics of subgroup 2 with objective hearing loss at ATP II

ATP = Audiometry Time Point; PTA = Pure tone average threshold; AT = acute acoustic trauma.
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a threshold shift of  ≥10 dB within one week after 
the AT.

The risk of an objective increase in the PTA 3-4-
6 was 3.8 times higher in patients that wore HPDs 
incorrectly, compared to those that did not wear 
HPDs (p=0.004, OR: 3.8, 95%CI: 1.546, 9.220). 
The risk of an objective increase in hearing levels 
was 4.5 times higher in subjects that wore HPDs 
incorrectly compared to those that wore it correctly 
(p=0.014, OR: 4.46, 95%CI: 1.351, 14.73). There 
was no increased risk of worsening hearing levels 
in patients that did not wear an HPD compared to 
those that wore an HPD correctly (p=0.596).

We found that subjects that had graduated had a 
3.03 higher risk of developing hearing loss imme-
diately after an AT, compared to subjects that were 
in training (p=0.014, OR: 3.029, 95%CI: 1.256, 
7.304). This result remained statistically significant, 
when the other independent variables were not 
taken into account (p<0.0001, OR: 3.538, 95%CI: 
1.858, 6.737).

Every year of seniority led to a 1.05-fold increase 
in the odds of detecting an objective hearing loss at 
ATP I (p=0.022, OR: 1.046, 95%CI: 1.007, 1.086). 
These results were consistent with our finding that 
age was a risk factor: every year of age led to a 1.05-
fold increase in the odds of detecting an objective 
hearing loss at ATP I (p=0.018, OR: 1.046, 95%CI: 
1.008,1.085).

Analysis of patients with persistent objective 
hearing loss at ATP II (subgroup 2)

A logistic regression analysis in subgroup 2 (n=20 
patients, including those with symptoms in the right, 
left, and bilateral ears) did not reveal any significant 
association between persistent hearing loss and the 
variables ‘hearing protection’, ‘education level’ or 

ear. Only 10% of our total population had persistent 
hearing loss at ATP II.

Differences and correlations between groups 

First, we checked for correlations between the 
mean thresholds at our two time points (ATP 
I and ATP II) and any of our recorded variables. 
We found that the mean threshold at ATP I was 
significantly correlated to age, at least in the left 
ear (p=0.031), and the education level, in both ears 
(p=0.005 right and p=0.002 left). Thus, at ATP I, 
a larger mean threshold shift was noted in the left 
ear in older subjects, compared to younger subjects, 
and subjects that had graduated had a larger mean 
shift than subjects in training. At ATP II, we found 
no statistically significant correlations between the 
mean threshold and any analyzed variables. 

Next, we compared patients with ATs (in the 
subgroups) to subjects with normal hearing (shifts 
<10 dB; in the main cohort) at the two time points. 
At ATP I, the group with normal hearing included 
significantly more subjects in training than the 
group with objective hearing loss (p<0.0001). 
This normal hearing group also included more 
supporting forces than combat units (p=0.046) and 
more volunteers than officers (p=0.012). At ATP II, 
the Kruskal Wallis test results showed significant 
differences in education levels (p<0.001 and grades 
(p=0.040) between patients in the main cohort with 
normal hearing and patients in our two subgroups.

Analysis of potential risk factors for objective 
hearing loss at ATP I (subgroup 1) 

The logistic regression analysis indicated that the 
use of hearing protection, the education level, and 
seniority were significant risk factors for developing 

Prone to AT Prone to initial objective hearing loss 
(at ATP I)

Prone to residual objective hearing loss 
(at ATP II)

Young male volunteers Graduated personnel No risk factors identified
In training Incorrect use of HPD
Using rifles High seniority
Active in land force
High ‘BHK noise probability’

Table 4
Profiles of military personnel that were susceptible to experiencing an AT, initial hearing loss, or permanent hearing loss

AT = acute acoustic trauma; HPD = hearing-protective device.
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an AT, compared to those in military training. We 
hypothesized that this result could be linked to 
different subjective perceptions of the risk of NIHL. 
Young soldiers in training are currently informed, 
educated, trained, and monitored; thus, they might 
have reported AT sooner than graduated individuals, 
particularly older military staff, that did not benefit 
from the sensitization programs launched in 2003 
in Belgium. Some individuals might only have 
reported AT when they had perceived more severe 
complaints. Consequently, they were at higher risk 
of experiencing objective hearing loss immediately 
after an AT. Moreover, an important factor might 
be the physiological reduction in outer hair cell 
function linked to aging.

The inadequate use of HPDs was identified as 
a potential risk factor for developing objective 
hearing loss after an AT. This problem mostly 
occurred when the HPD was not fitted correctly 
and/or when the HPD had fallen off. When military 
personnel worked in a setting with a known risk 
of exposure to loud impulse noises (in training 
or on a mission), they used HPDs, as instructed, 
more frequently than in other settings where no 
or limited noise exposure was assumed. However, 
HPDs cannot provide sufficient protection when 
they are not worn properly in noisy settings. Our 
finding that incorrect HPD applications resulted 
in objective hearing loss was consistent with other 
studies. Among US soldiers, only 13.2% inserted 
earplugs sufficiently deep in both ears to achieve 
22 dB noise attenuation.21   In a Finnish series of 
449 consecutive verified cases of AT, only 14% had 
been wearing HPDs when the accident occurred. 
In contrast, every third individual had poor-fitting 
protectors or had neglected safety regulations and 
used insufficient protection.22 In a meta-analysis by 
El Dip et al., it appeared that long-lasting, school-
based interventions could substantially increase the 
use of HPDs.23 Indeed, educating military personnel 
was a highly important factor in preventing NIHL. 
Education should both to raise awareness about 
serious AT consequences and improve knowledge 
about the appropriate use of HPDs.21

Finally, the high rate of exclusion due to missing 
audiometric information was a limitation in our 
analyses. This problem was mainly due to the 
inability to acquire data from audiometric tests 
performed externally, either abroad or in a hospital 
close to the event. Consequently, our group with 
persistent hearing loss was too small to make a 

‘seniority’. This lack of association was probably 
due to the small sample size (Table 4).

Discussion

Our results were consistent with those from other 
descriptive studies. In a cross-sectional analysis 
by Medina et al., the AT incidence rates varied 
between 4.0/1000 PY, in 2011 and 3.4/1000 PY 
in 2013.14 In our study, the AT incidence rate was 
0.5-2.72/1000 PY. Furthermore, the previous 
study demonstrated that the AT incidence rates 
were highest among individuals aged <25 years 
(14.3/1000 PY; p<0.001), and individuals in the 
land forces (8.1/1000 PY; p<0.001). The risk of 
ATs was almost twice as high in men as in women 
(p<0.001). ATs mainly occurred in training schools 
or at camps during exercises. The incidence of 
ATs during combat operations was more difficult 
to estimate. A study by Collée et al. showed that 
personnel in the land forces had a greater risk of 
experiencing ATs, due to greater noise exposure in 
occupational settings.9 

We observed an increasing prevalence of ATs 
over the study years. The systematic reporting of 
incidents by volunteers and fire instructors could 
explain this increase over the years. Alternatively, 
it could be an indirect effect of running a hearing 
protection campaign. 

Consistent with previous studies, we demon-
strated that the most common causative weapons 
were assault rifles and small arms (83%),15,16 
and that ATs most often presented as unilateral 
subjective hearing loss and tinnitus.17 A previous 
Finnish study calculated that 46.7% of conscripts 
had hearing impairments, and 94.2% had tinnitus, 
immediately after an AT.15 Sometimes, tinnitus was 
the only symptom present, and it could be quite 
disabling, both psychologically and operationally, 
because it could interfere with concentration, 
mission-critical auditory tasks, such as situational 
awareness or troop readiness, and sleep. In 361 
Finnish conscripts that experienced AT during their 
military service, hearing loss was found in the high-
frequency region (above 2 kHz) in more than 75% 
of ears.18 Asymmetry in hearing loss is related to 
the position of the head during gunfire;19 this was 
described as the “head shadow effect”, by Meinke 
et al.20

In our study, individuals that had graduated were 
at 3.03 higher risk of objective hearing loss after 
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forces during 2007-2014. Noise Health. 2016;18(85):297-
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Forces. Int J Audiol. 2004;43(3):177-181.

16.	Savolainen S, Kuokkanen JT, Lehtomaki KM. Influence of 
strict regulations on the use of hearing protectors in the 
Finnish Defence Forces. Mil Med. 1999;164(11):824-826.

17.	Muhr P, Rosenhall U. The influence of military service on 
auditory health and the efficacy of a Hearing Conservation 
Program. Noise Health. 2011;13(53):320-327.

18.	Ylikoski J. Audiometric configurations in acute acoustic 
trauma caused by firearms. Scand Audiol. 1987;16(3):115-
120.

19.	Moon IS. Noise-induced hearing loss caused by gunshot in 
South Korean military service. Mil Med. 2007;172(4):421-
425.

20.	Meinke DK, Finan DS, Flamme GA, Murphy WJ, Stewart 
M, Lankford JE, Tasko S. Prevention of Noise-Induced 
Hearing Loss from Recreational Firearms. Semin hear. 
2017;38(4):267-281.

21.	Bjorn V AC, McKinley RUS. . Navy Flight deck hearing 
protection use trends: survey results. In New Directions 
for Improving Audio Effectivness. In New Directions for 
Improving Audio Effectivness (pp. 1-1 - 1-20). Meeting 
Proceedings RTO-MP-HFM-123, Paper 1. Neuilly-sur-
Seine, France: RTO. Available at: http://www.rto.nato.int/
abstracts.aps. 

22.	Savolainen S, Lehtomaki KM. Impulse noise and acute 
acoustic trauma in Finnish conscripts. Number of shots fired 
and safe distances. Scand Audiol. 1997;26(2):122-126.

predictive profile model. Therefore, a prospective 
analysis is recommended. Some standardized 
questionnaires, such as those described by Abel 
et al.,24 are available and could provide valuable 
information for future studies. 

Conclusions

This study demonstrated that risk factors related 
to AT exposure were different from risk factors 
related to induced objective hearing loss. Young 
male volunteers that were in training, active in 
land forces, and using rifles were more prone to 
experiencing an AT than other military personnel. 
However, older military personnel that had gra-
duated from training, but used HPDs incorrectly 
were more susceptible to developing initial 
objective hearing loss immediately after an AT. 
These different demographic profiles should be 
considered in the prevention of NIHL. 

Large hearing conservation programs remain an 
important cornerstone for preventing NIHL. These 
programs should focus on the individuals that are 
just starting training and on the individuals that 
have graduated training and have more seniority. 
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