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Abstract
Soldiers are at risk of incurable noise-induced hearing loss (NIHL) in military activities. Therefore
the prevention of hearing loss is important. The large variation in individual susceptibility to NIHL
is well known but the reason for this is not completely understood.
The data of this current comprehensive register-based follow-up study consist of the health
records, hearing measuring results and occupational history of 1 941 soldiers. The occurrence and
degree of hearing losses among soldiers who served between 1965 and 2007 was investigated by
comparing groups formed according to year-class and service branch. An association between
cardiovascular risk factors and NIHL was also assessed. Furthermore the efficacy of the hearing
conservation measures carried out by the Finnish Defence Forces (FDF) and the Finnish Border
Guard (FBG) was evaluated.
Noise turned out to be the major risk factor of hearing impairment among the investigated
soldiers. The occurrence of NIHL (hearing threshold at 3,4 or 6 kHz > 40 dB) was at least around
10 percentages lower among soldiers who started their career in 1990s than in the older yearclasses 15 years after the beginning of military career. Concurrently, the decline of the average
degree of hearing loss at high tones improved around 20 dB. The occurrence of NIHL was the
lowest among pilots, musicians and naval soldiers, and the highest among soldiers in engineering
and air defense corps. No clear difference was found between cardiovascular risk factors and
NIHL with the exception of hyperglycemia. A clear temporal connection was found between the
decline of the occurrence of NIHL among the soldiers and the hearing conservation measures
carried out in the late 80s. A review of the four-stage hearing classification used in Finnish
occupational health service since the 1970s, as well as the guidelines that rely on them, is needed.

Keywords: hearing loss, hearing screening, military service, noise, risk factors

Holma, Tuomas, Suomalaisten ammattisotilaiden kuulo – epidemiologinen
tutkimus.
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Tiivistelmä
Melu aiheuttaa sotilaille palautumattoman kuulovaurion riskin, minkä vuoksi meluvammojen
ehkäisy on tärkeää. Yksilöiden meluvamma-alttiudessa tiedetään olevan suuria eroja. Syytä
tähän ei vielä kovin hyvin tunneta.
Tämän laajan rekisteritutkimuksen aineisto koostui 1941 sotilaan terveystarkastustiedoista,
kuulontutkimustuloksista ja työhistoriatiedoista. Tutkimuksessa selvitettiin meluvammojen
esiintyvyyttä ja vaikeusastetta vuosina 1965−2007 palvelleilla suomalaisilla ammattisotilailla
vertailemalla vuosikurssin ja aselajin mukaan valittuja ryhmiä sekä tutkittiin sotilaiden sydän- ja
verisuonisairauksien riskitekijöiden ja meluvammojen yhteyttä. Lisäksi tarkasteltiin Suomen
puolustusvoimissa ja Rajavartiolaitoksessa toteutettujen kuulonsuojelutoimenpiteiden vaikuttavuutta.
Melu osoittautui olevan merkittävin kuulovian riskitekijä tutkitussa aineistossa. Viidentoista
palvelusvuoden jälkeen ilmenneiden meluvammojen (kuulokynnys taajuudella 3,4 tai 6 kHz >
40 dB) määrä oli vähintään kymmenen prosenttiyksikköä pienempi sotilailla, jotka aloittivat
uransa 1990-luvulla verrattuna vanhempien vuosikurssien sotilaisiin. Samanaikaisesti korkeiden
äänien kuuloviat lievenivät noin 20 dB:n verran. Meluvammariski oli pienin lentäjillä, soittajilla
ja laivastosotilailla ja suurin pioneereilla ja ilmatorjuntasotilailla. Sydän- ja verisuonisairauksien
riskitekijöistä ainoastaan korkea verensokeri näytti selkeästi liittyvän kohonneeseen meluvammariskiin.
1980-luvun lopulla toimeenpantujen kuulonsuojelutoimenpiteiden ja sotilaiden kuulon parantumisen välillä on nähtävissä selkeä ajallinen yhteys. Suomessa 1970-luvulta lähtien käytetyssä
neliportaisessa kuuloluokituksessa ja siihen tukeutuvissa käytännöissä ilmeni puutteita, joiden
vuoksi suomalaisen työterveyshuollon kuulonhuoltoa koskeva ohjeistus on aiheellista tarkistaa.

Asiasanat: kuulonseulonta, kuulovika, melu, riskitekijät, sotilaspalvelus

He that hath ears to hear, let him hear. Matthew 11:15
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TTS
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air conduction
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mean over the frequencies of 0.5, 1, 2 and 4 kHz in the better ear
exceeding 20 dB
educational class of soldiers who started their professional military
career at the same year (1965–1995)
cardiovascular disease
cholesterol
Finnish Defence Forces
Finnish Border Guard
noise-induced hearing loss
four hearing classes according to the Finnish guidelines for hearing
screening in occupational health service
high density lipoprotein
low density lipoprotein
noise dose, equivalent level of sound energy
middle ear muscle reflex
olivocochlear reflex
permanent threshold shift
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either ear exceeding 40 dB
restricted pure tone audiometry
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temporary threshold shift
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1

Introduction

1.1

Background and research environment

Noise is a disturbing sound that hinders our ability to concentrate, harms our sleep
and makes us restless. These psychological effects of sound are associated with
involuntary physiological reactions such as arterial hypertension and increased
heart rate. Some studies indicate that long-term exposure to noise leads into
increased risk of cardiovascular diseases. Above all, noise may permanently
deteriorate our hearing sensitivity and capacity for normal speech communication.
The present study focuses on these auditive noise effects.
Noise-induced hearing loss (NIHL) represents one of the most common
occupational diseases among all employees in Finland (Karjalainen et al. 2001,
Oksa et al. 2014, Riihimäki et al. 2004). Likewise, noise is still a significant health
risk among soldiers in spite of heightened awareness of its hazardous effect on
hearing and improved hearing protection. Impulse noise caused by various firearms
and explosives is very characteristic for military operations but also continuous
noise produced by machinery, vehicles and communication devices also exists.
Noise exposure is usually highest during the early periods of a military career.
Besides noise exposure, the cause of a soldier´s hearing impairment may be, among
other things, a concurrent ear disease of hereditary or acquired origin.
Hearing impairment harms an individual in many ways. Communication
disability caused by difficulty in speech perception may lead to social isolation and
even depression. In many professions, such as the military, sensitive hearing is
necessarily required in order to properly carry out one’s tasks. An inaccurate
perception of speech and environmental sounds may threaten the safety at work.
Nowadays new cases of NIHL diagnosed in Finland tend to be mild; therefore
direct compensation is rarely paid for them to an injured employee. In this sense
the financial significance of NIHL to employers, insurance companies and society
is not as great as the indirect costs they cause. These costs arise from the impaired
working ability of employees with hearing loss, examinations of work-related or
suspected work-related hearing loss, and lifetime rehabilitation of hearing. It is
difficult to make a precise estimate of the monetary amount of these costs but it is
significant.
The large variation in individual susceptibility to NIHL is well known. But why
do some individuals appear to tolerate noise better than others? The reasons for this
19

may be related to environmental factors, especially quantitative and qualitative
properties of noise, but also other exposures like ototoxic chemicals or vibration.
On the other hand, individual noise sensitivity has been reported to depend on
individual characteristics, such as genetics, age, gender, skin color, smoking or
cardiovascular diseases.
The period of this investigation was a time of great social transition in Finland.
It was a time of industrialization and urbanization that started in the 1950’s. The
general health and well-being of the Finnish population improved, e.g. the
prevalence of cardiovascular diseases and severe infections declined. The quality
and coverage of the Finnish public and occupational health care systems improved,
which has created the basis for the prevention of some common diseases, like NIHL.
The Finnish Defence Forces (FDF) started to pay attention to the hazardous
effect of noise on soldiers’ hearing as early as the 1960’s. However, significant
efforts for hearing conservation were carried out only in the 1980’s; e.g. the use of
hearing protectors was ordered mandatory in all noisy situations and soldiers’
hearing was started to be tested at regular intervals.
Salmivalli’s (1967) investigations in the late 1960´s revealed that acoustic
trauma was very common among Finnish soldiers. The questions arise: what has
happened since those days? Can Finnish soldiers hear better today; if so, why?
NIHL still means an incurable injury of the hair cells of the inner ear. Thus,
individuals and groups who have an increased risk of NIHL should be identified by
occupational health service as early as possible.
Are the preventive measures allocated optimally? Should something have been
done better?
1.2

Objectives and scope

The present study provides a comprehensive overview of Finnish professional
soldiers' hearing over the period of 1965–2007. All the services of the FDF: the
Army, the Navy and the Air Force, as well as the soldiers of the Finnish Border
Guard (FBG) are represented in the data. The study has three main objectives:
1.

Evaluation of the changes in the Finnish soldiers´ hearing between 1965 and
2007.

The evaluation of soldiers’ hearing over the investigated period is based on the
measurement results of pure tone audiometry performed in the occupational health
service. The retrospective material does not include any systematically stored
20

information about hearing-related disabilities like tinnitus or difficulties in speech
communication. Soldiers’ hearing is assessed with respect to the occurrence of
hearing losses in the course of active military service and the degree of hearing
impairments that occurred.
2.

Assessing the effect of some environmental and individual risk factors on the
Finnish soldiers´ hearing.

The impact of military service on soldiers’ hearing is studied by comparing the
occurrence and degree of hearing impairments among groups formed according to
service branches. The explanations for some differences between the groups are
discussed. The current material does not include any measured information about
military noise exposure or other environmental factors. The study focuses on the
suspected impact of cardiovascular diseases and related risk factors on individual
susceptibility to NIHL. The suspected association between head injury history and
hearing impairment is also investigated.
3.

Reflection on hearing conservation practices performed in the military health
care system of the FDF and the FBG.

The frequency of hearing tests and audiometric methods used in the FDF and the
FBG during the investigated period are surveyed. The effectiveness of the hearing
conservation measures carried out in the FDF and the FBG are discussed based on
the results of the study.
1.3

Research process and dissertation structure

The present research project was established in collaboration with the Centre for
military medicine, the Department of Otorhinolaryngology, University of Oulu and
the Oulu University of Applied Sciences. The research plan was drawn up in early
2006.
The challenging nature of collecting the data became clear after the research
license enabled access to the archives. It became apparent that data of active duty
soldiers had to be collected from the archives of numerous military units around
Finland. A reorganization of archives was taking place due to organizational
changes in the FDF, which complicated the finding of documents. However, most
of the old material was found from the Military Archives in Helsinki. Methods for
recording data proved to vary by health care unit and across time.

21

An Access-based research database was made in partnership with Oulu
University of Applied Sciences for the systematic collection and storage of the data.
Nurses of the Centre for Military Medicine who had earlier received training for
the assignment performed the searching and storage work of the data. All the data
were checked in detail by the author.

Research plan
and licenses
• 2006

Design of the
database
application
• 2006

Data collection
and revision

Data analyzing

Research
reports

• 2006‐2009

• 2009‐2015

• 2015‐

Fig. 1. Phases of the research process.

1.3.1 Origin of the material and ethical aspects
The present study is register-based. The data were collected from the archives of
the FDF with the approval of the Ethics Committee of Helsinki University Hospital.
No material has been collected through interviews or questionnaires. The subjects
were not contacted by the researchers because the Finnish Personal Data Act (1999)
does not necessitate informing the subjects in case of a register-based study with a
large group size and when the investigation covers a long period of time. The
Ministry of Defence of Finland, the authority responsible for the archives, granted
the permission to use the data.
1.3.2 Subjects
The study was designed in order to obtain a representative sample of soldiers from
the period of 1965–2007 and from all the essential forms of military service. In
principle, all the soldiers, 2 808 men, who were admitted to any Finnish military
school for professional soldiers in the years 1965, 1970, 1975, 1980, 1985, 1990
and 1995, were meant to be included into the study. The education system and the
names of military schools of Finnish professional soldiers have changed several
22

times during the period of the present study. Anyway, approximately a quarter of
the soldiers of the present study were officers who studied in the Cadet School and
the rest were warrant officers. The number of the subjects was ultimately lower
than the total number of persons admitted to military schools because many of them
did not start the school at all, or due to a very short career the recorded data were
insufficient for the study. Since 1965 the documents have been scattered into
several archives of the FDF and the FBG. Therefore, in some cases the documents
could not be found or they were not available for the author. A soldier was excluded
from the study in cases in which his data were missing entirely from either hearing
tests or working history or both. Table 1 shows the numbers of soldiers who were
included in the study from the initial group of persons admitted to military schools.
Groups formed by year of admission are called year-classes (C65–95).
Table 1. Numbers of persons who have been admitted to the Finnish schools for
professional soldiers in 1965, 1970, 1975, 1980, 1985, 1990 and 1995. C65–C95 = yearclasses; O = officers; WO = warrant officers. Numbers of soldiers excluded or included
to the study.
Admitted

Year-

Excluded

class

O

WO

All

C65

142

522

664

C70

70

184

C75

89

188

C80

103

C85
C90

O

Included

WO

All

O

WO

All

42

158

200

100

364

464

254

23

28

51

47

156

203

277

51

28

79

38

160

198

254

357

37

100

137

66

154

220

136

277

413

67

43

110

69

234

303

160

290

450

61

89

150

99

201

300

C95

127

266

393

53

87

140

74

179

253

Total N

827

1 981

2 808

334

533

867

493

1 448

1 941

There are some service branches common to the Army, the Navy, the Air Force and
the FBG, such as infantry and logistics. Some service branches, like pilots and
naval soldiers, are not represented in all the services (Figure 2). The relative share
of officers and warrant officers varies somewhat between the services (Table 2).
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FDF

Army

FBG

Air Force

Navy
Infantry

Field artillery

Coastal artillery

Anti‐aircraft
Engineers
Logistics: Engine and weapon maintenance, transportation, other supporting activities
Signals
Pilots

Pilots
Naval soldiers

Fig. 2. Service branches in the services of Finnish Defence Forces (FDF) and Finnish
Border Guard (FBG).
Table 2. Numbers of officers (O) and warrant officers (WO) in services.
O

Service
N
Army

376

WO
%
29%

N
911

All
%
71%

N
1 287

%
100%

Navy

30

14%

179

86%

208

100%

Air force

59

27%

163

73%

222

100%

28

13%

195

87%

222

100%

492

25%

1 448

75%

1 941

100%

Border guards
All
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Data setting for analyses
Due to the long period of the investigation, the data are somewhat inconsistent.
There is qualitative uncertainty or a lack of information especially on hearing
measurements and risk factors among the soldiers of the oldest classes. Therefore
the entire data set must be divided based on the available information for the
various analyses (Figure 3).
Of the 1 941 soldiers included to this study, 39 had been diagnosed with a
hearing impairment before or after the start of their military careers that were
caused by reasons other than noise (Chapter 3, Section 3.2)
Specification and use of the data 1–3 in the analyses
Data 1 contains all the soldiers for whom a work history and hearing data could be
found (N = 1 902) except those who had been diagnosed with some other hearing
impairment than NIHL. However, most measurement results taken in the early
years of the study period are insufficient in a research sense because hearing
impairments were screened only by testing hearing sensitivity at the 20 dB level.
When measuring hearing thresholds, the frequencies of 3 and 6 kHz were usually
left out.
Data 1a (N = 830) includes all of the soldiers of Data 1 whose hearing
thresholds over the range of 0.5 and 8 kHz including the frequencies of 3 and 6 kHz
had been measured 15–20 years after the beginning of military service. Data 1 and
Data 1a are used in analyses whose results are presented in Chapter 3, Sections 3
and 4.
Data 2 (N = 1 312) includes soldiers whose medical records include
information about possible individual risk factors that may affect susceptibility to
NIHL. Data 2a contains soldiers whose hearing thresholds over the range of 0.5–
8 kHz including the frequencies of 3 and 6 kHz were measured 15 years after the
commencement of military service or thereafter. Data 2 and Data 2a are used in
analyses whose results are given in Chapter 3, Section 5.
Data 3 (N = 1 687) contains all the soldiers for whom hearing threshold
measurement data is available over the range of 0.5 and 8 kHz including the
frequencies of 3 and 6 kHz regardless of whether their other health records are
available or not. Data 3a contains soldiers from Data 3 w hearing was measured
before their admission into a military school. Data 3 and Data 3a are used in
analyses whose results are given in Chapter 3, Section 6.
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Admitted to
training
N = 2 808

Excluded

Missing or
insufficient data
N = 867

Sufficient data on work history
and hearing
N = 1 941

Excluded

Other than noise‐induced
hearing loss
N = 39

Data 1
N = 1 902

Data 2
N = 1 312

Data 3
N = 1 687

Data 1a
N = 830

Data 2a
N = 601

Data 3a
N = 282

Fig. 3. Data sets used in analyses for Data 1, Data 1a, Data 2, Data 2a, Data 3 and Data
3a.

1.3.3 Methods
Data formation
Any individual information considered to be related to hearing and assumed to be
available from the archives was defined initially in the research plan (Table 3). The
data were collected and organized into the research database.
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Table 3. Data retrieved from archives. Data written in italics were not found or were not
used in the study.
Category

Data

Anthropometrics
Birth day, Birth place, Height, Weight, Systolic blood pressure,
Diastolic blood pressure, Eye color
Working history
Each phase of the soldiers’ military

Dates of starting and ending military service

career has been described as follows:
Service: Army, Navy, Air Force, Border Guards
Branch of service: Infantry, Artillery, Anti-aircraft, Logistics,
Signals, Engineers, Pilots, Musicians, Naval soldiers
Service unit
Assignment
Working condition/role: Conscript, Student in military school,
Field service, Staff, Peace keeping
Hearing measurements
Audiometric screening data from the

20 dB screening tests, Pure tone thresholds

health stations:
Clinical audiometry from the military

Air conduction pure tone thresholds, Bone conduction pure

hospitals and the Aeromedical centre: tone thresholds, Speech perception, Speech thresholds
Diseases and traumas
Ear diseases, Other disease which may be connected to
hearing, e.g. cardiovascular diseases, Autoimmune diseases,
Infection,
Brain injury; cerebral commotion or contusion
Laboratory
Serum cholesterol, Low density lipoprotein, High density
lipoprotein, Triglyceride, Fasting glucose from whole blood or
serum, Hemoglobin, Hematocrit, ASAT, ALAT, GT
Information from the questionnaires of the
annual health check-ups
Smoking: Years of regular smoking, Cigarettes per day,
Cooper test result, leisure time physical activity, Medication,
Alcohol consumption

Description of material
The practices of the Finnish military health care system have changed over the past
decades; e.g. there have been local variations in notations of health records, in the
past, soldiers´ health check-ups were carried out less often than now and the set-up
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of the examinations performed in the check-ups varied. Therefore, the present
material is qualitatively and quantitatively heterogeneous. The description of the
material is relevant for two reasons: 1) when concluding the results it is necessary
to identify the potentiality and limitations of the multiform retrospective material,
2) a review of the material helps to gain an insight from the previous hearing
conservation practices followed in the Finnish military health system.
Work histories
The documents of individual work histories turned out to be very precise. Each
period of assignment has been recorded with one day precision. In this study every
step of a soldier’s career is divided in terms of noise conditions into five categories
based on the oral communication with officers responsible for training in the
services.
1. Conscription is the first phase of a military career, with the exception of the
very few musicians who have started their military musical training before their
military service. The duration military service for all conscripts of this study was
11 months. During conscription service, soldiers learn basic military skills.
Conscripts are predominately exposed to shooting noise from assault rifles.
2. Military training of professional soldiers includes the basic periods of the
Cadet School and schools for warrant officers and supplementary courses. The
average total duration of training periods is 4 years for officers and 3 years for
warrant officers.
3. Field work includes tasks in military operations that typically expose
soldiers to the noise of weapons, explosives and machinery. These include training,
maintenance and leadership tasks from the lowest level of the military organization
to the company level.
4. Staff work means administrative tasks, typically at the battalion level and the
higher stages of military organization. Staff work includes clearly less exposure to
noise than field work. However, officers engaged in staff work take part in annual
exercises aimed at maintaining shooting skills.
5. Service in peacekeeping forces. Most professional soldiers go on at least one
overseas tour during their active career on missions of the United Nations or other
organizations responsible for peacekeeping operations.
According to recommendations by military experts in all the aforementioned
forms of military service, except staff work, soldiers are deemed to be considerably
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exposed to noise. The average durations of military service in noisy conditions are
presented separately for officers and warrant officers in every class (Chapter 3,
section 1).
Audiometric measurements
The various types of audiometric measurements used in health stations and military
hospitals over the investigated period are described in Chapter 3, section 2.
Physical parameters and health documents
Soldiers’ physical parameters (e.g. height, weight, and blood pressure), laboratory
results and health records used in analyses are presented in detail together with the
results of analyses.
Description of the soldiers’ hearing in 1965–2007
In the present study the evaluation of the soldiers’ hearing has been based mainly
on the audiometric data measured at the occupational health check-ups. The long
research period and the varying hearing testing practices at different times make it
challenging to get a reliable overview of soldiers’ hearing during the investigated
period; e.g. the hearing of a soldier who started in 1965 was usually not measured
until ten years after the beginning of the military service. Therefore, trends in
soldiers’ hearing and occurrence of NIHL are searched using several different
methods.
Survival analyses
In terms of hearing conservation, it is essential to understand when a soldier´s
hearing impairment usually occurs. When is the risk of NIHL the highest? What is
the critical period of a soldier´s career to which the hearing conservation measures
should be focused? The occurrence of soldiers’ NIHL in every investigated group
is described by means of Kaplan-Meier curves.
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Cross-sectional analyses
The purpose of cross-sectional analyses is to get another view of soldiers hearing
losses because the longitudinal analysis is not a feasible method for the oldest
classes due to a lack of data from the early phases of their military service. In
addition, an analysis with continuing variables may reveal differences in the degree
of hearing impairments between investigated groups, even when the occurrence of
NIHL is the same.
Outcome measures
In the present study, the worst pure tone threshold over the frequencies of 3–6 kHz
in either ear (PTT3,4,6) is used as an indicator of NIHL and the pure tone average of
frequencies 0.5, 1, 2 and 4 kHz in the better ear (BEHL0.5–4) as an indicator of a
speech communication-disturbing hearing impairment. These continuous variables
are used in cross–sectional analyses. The individual values for the aforementioned
parameters were calculated from the audiograms measured within a period of 15–
20 years from the start of a military service. If a soldier was tested more than once,
the earliest result was taken into calculation. This cross–section point was selected
because there are more hearing data available of all the classes at the period
between 15–20 years. In addition, all soldiers have already experienced the noisiest
phase of their career.
In the survival analyses the definition of the outcome measure of NIHL, i.e.
the event of NIHL, is a hearing threshold level of over 40 dB at least at one
frequency over the range of 3, 4 or 6 kHz in either ear (PTT3,4,640). The outcome
measure for a speech communication-disturbing hearing impairment is BEHL0.5–4
of over 20 dB (BEHL0.5–420). Moreover, all the subject’s later measurement results
must meet these criteria. Consequently, TTSs and random measurement errors were
not taken into account in the analysis.
Causes of soldiers’ hearing impairments
Noise is presumably a significant but not the only cause of the soldiers´ hearing
impairment. There may have been some other ear diseases underlying some
soldiers’ hearing impairments independently or combined with noise exposure. The
question is how many soldiers have an acquired hearing impairment caused by
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some ear disease, such as infection, otosclerosis or Ménière's disease, and what is
the significance of noise?
The causes of the soldiers´ hearing impairments were assessed by a
systematical search for all the diagnoses of ear diseases mentioned in the health
records. The results of this etiologic review are presented in Chapter 3, Section 3.2.
Occurrence and degree of NIHL among year-classes
The results of the longitudinal and the cross-sectional analyses are shown in
Chapter 3, Section 3.3.
Audiometric characteristics of soldiers’ hearing
Occurrence of notches over the frequencies 3–6 kHz. A notch index defined by
Rabinowitz et al. (2006) is used as an indicator of a notched audiogram. According
to the definition the notch index is the difference between the pure-tone average of
thresholds at 2, 3, and 4 kHz and the average of thresholds at 1 and 8 kHz in the
same ear. An audiogram is considered to be notched if the notch index is greater
than zero. All audiograms including measurement results of frequencies of 0.5–
8 kHz are selected for the study (Data 3). The proportion of soldiers with notched
audiograms is presented for the age groups of < 25, 25–29, 30–34, 35–39, 40–44,
45–49 and > 49 years.
Locations of the worst hearing thresholds. Completely measured (results for
all pure tones 0.5–8 kHz) audiograms that have been measured after 15 years from
the start of military service were selected for the study. A figure showing the
distribution of the worst hearing thresholds over all the frequencies in either ear is
presented in Chapter 3, Section 3.4.
Military service and hearing
The purpose of this section is to explore whether there are differences in the
frequencies of NIHL between service branches. Each soldier is classified into one
of the defined eleven categories according to the service branch in which he has
served. The normal course of a military career consists of several periods in
different working conditions and tasks. Sometimes, soldier’s tasks may have
changed significantly from the initial course of training. All the soldiers for whom
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work history and hearing screening data were found were included in this analysis.
The career phases of each subject were recorded in the database. The work histories
were all unique. Some soldiers may have served in several service branches of the
FDF organization. In these cases the branch was determined according to training
background and the main branch in the subject’s work history.
The occurrences and degrees of NIHL in the groups are analyzed and presented
as described earlier. The results of the analyses are presented in Chapter 3, Section
4.
Individual risk factors and hearing
The purpose of this section is to examine the effect of individual traits of soldiers
on the susceptibility of NIHL to the extent made possible by the material. Soldiers’
health records contain a lot of information over a long period of time that may
explain individual susceptibility to NIHL. The information was incomplete or
indefinite in some respects. Therefore it was neither possible nor appropriate to use
all the information as planned in the analyses.
In this study the suspected association between cardiovascular diseases and
related risk factors and individual susceptibility to NIHL is assessed. The European
guideline for prevention of arterial diseases in the 2010’s (Perk et al. 2012) was
taken into account when defining the selection criteria for the groups representing
the risk factors of CVD: dyslipidemia, obesity, hyperglycemia, smoking and arterial
hypertension. In addition, the suspected association between head injury history
and hearing impairment is assessed.
The individual factors behind NIHL and the groups formed for analyses are
defined in detail in Chapter 3, Section 5. Survival and cross-sectional analyses are
performed as described earlier.
Review of the Finnish hearing classification
In the Finnish occupational health care system, hearing tests results are classified
into four classes. The hearing classes have been used as the basis for, among other
things, assessing the suitability of an employee to engage in noisy work or when
making a decision on further examinations and measures when a person working
in a noisy environment has been found to have NIHL. The classification is
described in detail in Chapter 2, Section 8.
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This study makes use of the hearing data of soldiers to assess the
appropriateness of the hearing classification for the aforementioned purposes in
two ways:
1.

2.

A graphical depiction is presented of how hearing thresholds fall into the four
hearing classes. The medians, 10th and 90th percentile and the lowest and
highest values of the pure tone thresholds of audiograms are shown for each of
the four classes. Additionally the diversity and typical characteristics of the
audiograms are presented for each class by means of example audiograms.
How the hearing class in the early stage of a career predicted NIHL is evaluated.
All soldiers of the dataset whose hearing class was known before the start of
their military service are selected. They are placed into four groups based on
hearing class. The occurrence of NIHL is studied by means of a survival
analysis.

Statistical Analysis
Summary measurements are presented as mean with standard deviation (SD) or
median with 25th–75th percentiles unless otherwise stated.
Kaplan-Meier survival curves are presented for PTT3,4,640 and
BEHL0.5–420 dB. Between groups, comparisons of survival curves were performed
using a log-rank test.
Analysis of variance (ANOVA) was used to compare BEHL0.5–4 and PTT3,4,6
between service branches and the year-classes (C65–95). If Levene’s homogeneity
of variances test failed (p < 0.05), then the Robust Brown-Forsythe test was used
instead of ANOVA. The year-class was used as an adjusting variable in linear
regression analysis when assessing if individual risk factors (dyslipidemia, body
mass index, hyperglycemia/diabetes, cardiovascular disease, smoking, arterial
hypertension or head trauma) had an impact on soldier’s hearing using BEHL0.5–4
and PTT3,4,6 as dependent variables. Neither of the dependent variables was
normally distributed. However, as logarithmic or square root transformations of the
dependent variable did not change the conclusion of the results, both of the
variables were used in analyses in their non-transformed form. There were
originally seven year-classes, but due to heterogeneity of residual variances and the
similarity of regression estimates the number of classes was reduced to three
(1965–1975, 1980–1985 and 1990–1995).
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All analyses were performed and survival curves were drawn by SPSS for
windows (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version
21.0. Armonk, NY: IBM Corp.).
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2

Theoretical foundation

2.1

Impact of noise on hearing

2.1.1 Pathogenesis and progression of NIHL
Chronic NIHL caused by steady-state noise develops gradually within one or two
decades of the beginning of exposure (Burns & Robinson 1970 (cited in ISO 1999
(2013), Passchier Vermeer 1974). However, there are many factors that affect the
progression of NIHL, such as the quality and duration of noise and a person’s
individual traits (Davis et al. 2003, Henderson et al. 1993, Prince 2003) .
The exact process that leads to the injury of cochlear structures is still
somewhat unclear, albeit the damaging effect of loud sound on outer hair cells was
described by Hallowell Davis et al. as early as the 1930´s (Saunders et al. 1985).
Thereafter several hypotheses of cochlear injury mechanisms are presented
based on animal studies. Some of the noise-induced structural metabolic changes
of hair cells and supporting cells seem to be at least mostly reversible, which may
explain a temporary threshold shift (TTS) (Nordmann et al. 2000, Patuzzi 2002). A
permanent threshold shift (PTS) is the result of hair cell degeneration during a longlasting noise exposure or immediate necrotic cell destruction after an acute acoustic
trauma (Henderson et al. 2006).
Obviously, the extent and mechanism of injury depend on the duration and
sound pressure of a noise exposure. In animal experiments mechanical structural
damages were seen in stereocilia (Liberman 1987, Nordmann et al. 2000, Pickles
et al. 1987). Pillar cells were destroyed by high levels of steady-state and impulsive
noise (Salvi et al. 1979). It is also known that a very loud sound can cause holes in
the reticular lamina, which may cause a serious imbalance of potassium metabolism
when endolymph and perilymph are mixed, resulting in the necrotic cell death of
hair cells (Bohne & Rabbitt 1983). The study conducted by Zheng and Hu (2012)
supports this hypothesis: the noise-induced disruptions were found in the
intercellular junctions of the reticular lamina and basilar membrane of the
chinchilla cochlea.
Very high-energy detonations induced by heavy explosions may injure not only
the inner ear but also the tympanic membrane (Cho et al. 2013).
The mechanism of glutamate excitotoxicity was described by Puel et al. (1998).
A high level of noise exposure results in the release of a large amount of
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neurotransmitter, glutamate, into the synaptic cleft between the afferent nerve
ending and inner hair cell. An overstimulation to the glutamate receptors leads to
swelling in the postsynaptic cell bodies and dendrites due to an ion influx into VIII
nerve terminals (Pujol et al. 1985). The decrease of endocochlear potential has been
observed during high level noise exposure (Hirose & Liberman 2003).
Noise may induce temporal and permanent changes in the vessels of the spiral
ganglion and cochlear lateral wall. (Wang et al. 2002)
Oxidative stress (Halliwell & Gutteridge 1999, cited by Henderson (2006)) is
proven to play a major role in the process leading to the different kind of
pathophysiological changes in cochlear cells. In the mid 1990’s in a number of
studies were observed increased reactive oxygen species (ROS) and toxic free
radicals in the cochlear tissue during and after high noise exposure due to increased
mitochondrial activity and oxygen consumption. The process leading to the
destruction of cochlear cells, especially outer hair cells, is comprehensively
reviewed by Henderson et al. (2006)
2.1.2 Symptoms and signs of NIHL
After long-lasting noise exposure, hearing sensitivity is decreased before long,
which means that the ear’s ability to hear small sounds is decreased. The
deterioration of the hearing thresholds caused by noise is typically seen most
clearly at high the frequencies. In the literature a commonly mentioned audiometric
feature linked to NIHL is a notch that usually occurs in both ears at the range of 3–
6 kHz, being typically at its deepest at 4 kHz (Coles et al. 2000). This notion is
common in spite of several studies indicating that not all cases of NIHL are
associated with a notch and, on the other hand, notches are also common in persons
without an abnormal exposure to noise (Lie et al. 2014, Nondahl et al. 2009, OseiLah & Yeoh 2010).
The first symptom of which people with long-term exposure to noise complain
about is difficulty in speech perception in a noisy environment. Studies of the effect
of NIHL on speech perception have produced consistent findings (Moore et al.
2014, Smoorenburg 1992). The loss of the outer hair cells deteriorates the capacity
to detect small spectral and temporal features. As the damage progresses to sensory
cells, i.e. inner hair cells, the noise notch becomes deeper and eventually expands
to the range of 0.5–4 kHz, which is essential for speech perception.
Transient or long-term tinnitus occurs frequently, but not always, as an
additional symptom of NIHL. Approximately one-third of the respondents of a
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survey of professional Finnish soldiers reported suffering from tinnitus; for 17%
the tinnitus was continuous (Ylikoski 1994a). In a study conducted by Mrena et al.
(2004) tinnitus was found to be very common (94.2%) among Finnish conscripts
who had experienced an AAT. At the end of military service 31.7% of these
conscripts still suffered from tinnitus. In most of the cases the AAT was induced by
only one shot of an assault rifle. According to another study of Mrena et al. in longterm military noise exposure, tinnitus was present in around 70% of investigated
professional soldiers. In the study the effect of tightened hearing protection
regulations on the reduction of military noise-induced tinnitus proved to be evident
(Mrena et al. 2009).
2.1.3 Speech perception and NIHL
Humans have a special ability to detect and discriminate speech signals from
ambient sound. This requires a hearing system consisting of a hearing organ that
receives sound waves and transforms them into bioelectric signals, as well as a
sophisticated neural network of the central nervous system that processes auditory
signals. Speech recognition requires the proper functioning of all of the components
of the hearing system, albeit the plasticity of the brains can compensate for the
dysfunction of the hearing organ to some extent. Figure 4 shows the interrelations
of the essential terms related to speech perception.

Speech

Detection Discrimination Recognition Comprehension

Perception

Fig. 4. Essential terms related to speech hearing

The ear of a healthy young person is most sensitive to the sound located at the range
of 0.5–4 kHz, which corresponds very well to the range of the human speech signal.
Words consist of vowels and consonants which are comprised of the fine spectral
and temporal features of the sound waves; the ear must be able to identify and
amplify these features. Thus in addition to having a sufficient hearing threshold
level, the ear must have sensitive pattern recognition ability of sounds located
beyond the hearing threshold. As this ability deteriorates, the central nervous
system needs to increasingly compensate for the missing parts of the signal with
previously learned information.
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Figure 5 shows an outline of the locations of vocal formants and consonants at
the frequency and hearing threshold scales, assuming that speech is heard in a nondisturbed environment and the speaker speaks nearby with normal volume and
clear articulation. The figure is based on the studies of Sovijärvi (1938, 1959, 1961)
and Palva (1958) who presented the frequency variations and the energy
concentrations of Finnish vowels and consonants (cited by Kiukaanniemi 1980).
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2.2

Environmental aspects

2.2.1 General risk criteria
In order to protect workers against dangers caused by noise the Government of
Finland set a decree (Valtioneuvoston asetus 2006) based on the Occupational
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Safety and Health Act (2002). The decree is a national application of the directive
(2003/10/EC) of the same topic which was set by the European Union (2003). It
determines the limits for the occupational noise and measures in cases where the
limits are exceeded. The European directive is based on the standard ISO1999
(2013) which specifies the risk of NIHL by taking into account age, gender, and
cumulative dose of the exposed person.
The Occupational Safety and health Act applies to noisy tasks, e.g.
transportation and maintenance, in the FDF and the FBG. However, the law
excludes military operations out of the scope of the application:
“This Act does not apply to such military practice and training and directly
related work, noted on the service programme or separately ordered in
accordance with educational programmes, which persons in the service of the
Defence Forces or the Frontier Guard, conscripts or women in voluntary
military service or persons in voluntary national defence training carry out by
order of, or in the service of, the Defence Forces or the Frontier Guard if the
main purpose of the work or activities is to practise special skills needed in
military operations.”
Regardless of the restriction of the act, the guidelines of the directive and the
standard ISO1999 offer a worthy frame of reference also for Finnish military
hearing conservation measures.
Normally the noise level in workplaces varies from moment to moment.
Therefore, the measurement results of momentary noise levels provide an
inadequate indication of overall noise exposure. Noise dose (Leq) refers to the
equivalent level of sound energy calculated from the cumulative sound energy over
a set period of time.
According to the ISO1999 standard, noise is considered harmful to hearing
when the weekly noise dose (40 hours) is at least 85 dB(A). Due to the logarithmic
scale of sound pressure level, the exposure time considered safe decreases by half
when the noise dose increases by three dB(A). For example, the weekly exposure
time considered safe at a noise level of 88 dB(A) is 20 hours, and at a level of
91 dB(A) the time considered safe is 10 hours etc.
According to the EU Directive and Government Decree, impulse noise is
harmful to hearing when its peak value exceeds 135 dB(C). The acceptable limit is
140 dB(C).
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2.2.2 Military noise exposure
Conscripts
Noise is an integral part of every soldier´s working environment from the very
beginning of one’s military career. Finland has general conscription. Every 18 yearold healthy Finnish male is liable to military service. Voluntary military service was
made possible for women in 1995. Conscript service is usually carried out at the
age of 19 years. There was an 11-month period of conscription in the beginning of
the career of every professional soldier during the period of this study. A soldier
may be exposed to the noise of an accidental shot because the shooting conditions
vary greatly in the field and at a shooting range (Savolainen & Lehtomäki 1996),
and thus some conscripts still get an acoustic trauma despite the tight safety control
on shooting occasions (Mrena et al. 2004, Muhr 2006).
Professional soldiers
The basic military training is common for all professional soldiers, as well as the
requirement to maintain fighting skills throughout the military career. According to
general experience, the noise exposure and the risk of NIHL is at the highest level
during the early period of a military career. M. Ylikoski’s study (1994b) provides a
good overview of the quantity and quality of the noise exposure experienced by
Finnish professional soldiers. The most common small arm used in the Finnish
Army is an assault rifle (caliber 7.62), which is the basic weapon of every Finnish
fighter. The sound pressure produced by its muzzle blast at the ear of the shooter is
about 150–160 dB(C) depending on the type of ammunition and weapon. During
their first 18 years of service soldiers were estimated to be exposed to the noise of
160 000 gunshots produced by various weapons when they themselves shooting or
supervising shooting activities. According to the equivalent energy principle, the
impact of that gunshot noise exposure is equal to the the noise of about 218 000
shots fired by a pistol. The sound energy from all personally fired gunshots
corresponded to 78 000 pistol shots.
M. Ylikoski’s study indicates that the noise generated from the shooting of
various hand-held weapons is the most prevalent form of noise in a soldier’s activity.
It is the most dangerous noise and most difficult to protect oneself against due to
the large number of shots. When used properly, the attenuation efficacy of earmuffs,
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which are the most commonly used form of protection, is just barely enough to
attenuate the noise impulse below the 140 dB(C) (Ylikoski et al. 1995).
In addition to shooting noise, military operations produce a large variety of
other noise, from explosives, vehicles, machinery and communication devices. The
composition and amount of noise varies according to the service branch in which a
soldier serves, as well as according to the types of weapons and devices the soldier
deals with in his work. Exposure to noise can vary greatly even within one branch
of service based on task; for example an artillery soldier’s exposure to noise in a
firing position is very different from that of a soldier working in fire control, or the
environment of naval soldier working on the deck of a warship is entirely different
from that of an engineer working in the engine room. The measurement results of
some of the most usual noise sources in military activities are presented in Table 4.
Characteristics of noise exposure in service branches
Every military specialty has some special characteristics in terms of noise exposure.
The infantry forms the basis of the land warfare. In its operations probably the most
hazardous impact noise exposure is mainly caused by several kinds of hand-held
arms. Moreover, the infantry operations includes tasks and conditions where
soldiers are exposed to the noise produced by the heavy long-range weapons like
grenade machine guns, grenade launchers, mortars and anti-tank missiles. In
addition, the source of noise in all infantry operations is the continuous noise
produced by heavy armored vehicles and tanks.
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Table 4. Noise of the most common armament. Weighting of peak sound pressure levels
varies according to the source of information; LW = linear weighted, dB(C) = C weighted.
Real ear measurements were carried out with molded ear plugs (ep), ear muffs (em) or
helmet (h).
Noise source

Ambient noise
Peak level

Exposure level

Real ear noise with hearing protectors
Peak level

Exposure level

Assault rifle (RK 7.62)
Regular cartridge1)

155 dB (LW)

Blank cartridge1)

157 dB (LW)

Shooting range2)

152-154 dB(C) 116 dB LAeq ep

129-145 dB(C) ep 104 dB LAeq ep
130-134 dB(C) em

Field exercise2)

95-97 dB LAeq ep

Hand grenade3)

170 dB(C)

Disc mine1)

176 dB(LW)

82-85 dB LAeq ep

Explosive, trinitrotoluene≤200g3) 170 dB(C)
Anti-aircraft1)
Gun 40 mm

165 dB(LW)

Gun 23 mm

160 dB(LW)

Missiles3)

170 dB(C)

Anti-tank weapons1)
Light bazooka 55

178 dB(LW)

Heavy bazooka 90

182 dB(LW)

Missiles(83M, 2000M,

181 dB(C)

102 RSLPSTOHJ NLAW)3)
Large caliber weapons1)
Mortar 81

159 dB(LW)

Mortar 120

177 dB(LW)

Howitzer 105

176 dB(LW)

Howitzer 122

183 dB(LW)

Cannon 130

180 dB(LW)

Combat vehicles2)
Driving noise

93-111 LAeq dB

Driving noise

85-103 LAeq dB (h)
122 dB(A) (h)

+communication4)
Tank gun3)
Air craft, fighters2)
1)

Ylikoski et al. (1995)

2)

Pääkkönen & Lehtomäki (2005)

3)

Pääesikunta (2014)

4)

Pääkkönen & Lehtomäki (2006)
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169 dB(C)
96-100 LAeq dB

88-95 LAeq dB (h)

In the artillery the general characteristics of large-caliber weapons like howitzers
(152 mm), cannons (155 mm) and multiple rocket launchers are the high energy
and sound pressure level of muzzle blasts. However, compared with small arm
noise, the hazardous effects of noise may be better controlled during shooting
situations. Artillery soldiers’ exposure to shooting noise produced by an assault rifle
and other hand-held weapons is possibly somewhat lower than that of infantry
soldiers. There may be significant individual differences in the cumulative level of
noise exposure depending on the assignments in the different functions of artillery.
For example, the noise level in firing units is much higher than in tasks of
communications, command or target acquisition.
Anti-aircraft weapons typically produce sustained fire. The peak sound
pressure level of a single gunshot is high, over 160 dB(A). This is presumable the
main source of noise in the working conditions of anti-aircraft operations during
the investigated period. The most commonly used anti-aircraft weapons used
during the period of this study were: 40 mm and 23 mm anti-aircraft guns (Bofors,
“Sergei”) and tanks with a 57 mm anti-aircraft gun. Anti-aircraft missiles have been
used since the 1980s.
Soldiers in the signal corps are exposed to gunfire noise, as are all soldiers,
during the period of elementary training. Later their shooting noise exposure is
probably somewhat lower compared to noise exposure in combat corps. The noise
level of communication equipment, particularly in combination with strong
background noise, may rise to unpredictable high levels.
Logistics is a very wide range of activities with heterogeneous noise conditions.
The majority of soldiers in the logistics corps deal with transportation and the
maintenance of weapons, vehicles and other armaments used in military operations.
The general feature of noise produced by these functions is thought to be a
relatively large proportion of continuous noise from machines and tools. In addition,
soldiers in this group are exposed to a significant amount of impulse noise produced
by different types of weapons and explosions when supporting combat forces.
Some soldiers of the logistics corps perform tasks linked to various supporting
functions, such as material logistics, medical service, personnel management and
financial administration. These tasks are not considered very noisy. On the other
hand, all of them were exposed to varying amounts of handgun noise especially
during the period of basic training and later when serving in a variety of noisy
situations, for example during exercises.
In this study the term “naval soldiers” refers to soldiers serving on warships.
However, persons in engineering assignments are included in logistics. The noise
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exposure of soldiers working on warships consists mainly of ship machine noise
and the noise produced by the heavy weapons of naval vessels. Besides that, there
is little handgun noise.
Engineers are soldiers who enable mobile warfare. The typical source of noise
in their service conditions are big engineer tools, e.g. drills, vehicles and
earthmovers. There is furthermore a considerable amount of noise from explosives
and small arms.
Musicians are a special group of soldiers. Their noise exposure consists
substantially of music. In previous decades military musicians often started their
musical training in military bands very young before their actual military service.
Like other soldiers, musicians are exposed to gunfire noise during basic military
training. Later their noise exposure originates predominantly from musical
instruments.
Pilots’ noise mainly consists of aircraft noise. The amount of gunfire noise is
low compared with the other groups. Pääkkönen and Kuronen studied Finnish
pilot’s in-flight noise exposure by noise dose meters outside and inside of flight
helmets in different types of fighters used in Finland, such as, Hornet F-18, Saab
35 Draken, Mig 21 Bis, jet trainer BA Hawk MK-51 and basic trainers. Noise
exposure varied over the flight in the cockpit between 96 and 100 dB and in the ear
canal between 88 and 95 dB. The equivalent radio noise level was 4–10 dB higher
than background noise inside the helmet. According to the results of the study a
pilot with an average of 600 hours of flying time should not be at risk of hearing
loss (Pääkkönen & Kuronen 1998).
2.2.3 Recreational noise
At the same time the work-related noise exposure in Finland has been reduced, the
significance of recreational noise as a threat to hearing has increased. Typical
sources of recreational noise are loud music, noisy recreational activities, such as
shooting and motorsports or hand tools used at home. A Finnish study estimated
the equivalent weekly noise exposure levels among adult Finns. According to the
study 41% of subjects are exposed to over 75 dB(A) and 9% as much as over
85 dB(A) of equivalent noise levels (Jokitulppo & Björk 2002). In another study
Jokitulppo et al. (1997) estimated the risk of future NIHL among Finnish teenagers.
According the study 51% of the subjects were estimated to be exposed to noise
levels detrimental to hearing acuity.
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The prevalence of hearing loss defined as a hearing level exceeding 20 dB at
the range of 0.5–8 kHz in either ear was found to be 20% among young Finnish
men before their military service (Jokitulppo et al. 2006)
A survey of the recreational noise exposure of Finnish conscripts showed that
27% of conscripts were exposed to recreational equivalent noise levels that
exceeded 85 dB(A) weekly (Jokitulppo et al. 2006).
Studies from several countries suggest an upward trend of the prevalence of
hearing impairment due to recreational noise among young people in recent
decades despite some inconsistency of the results. The comparability of the study
results is limited due to a large methodological variation.
Muhr et al. (2007) studied the development of the prevalence of hearing loss
among 18-years old Swedish men during the period 1971–1995. They reported a
decreasing prevalence of hearing losses during the earliest phase of the period
(1971 to 1981). The authors explained it by improved social and economic welfare
and the improved medical care for children with ear nose and throat diseases. The
decreasing prevalence of hearing loss in seventies is consistent with the results
reported by Persson (1993) who studied longitudinal changes in hearing ability
among Swedish conscripts at the period of 1969–1977. However, the study of Muhr
et al. showed how the prevalence of hearing loss turned to a clear increase after
1986. The most apparent change was observed at the frequency of 6 kHz. The
reason for the unfavorable trend was considered to be an increased recreational
noise exposure.
E. Henderson et al. (2011) investigated trends in noise-induced threshold shifts
defined as an audiometric notch over the frequencies of 3–6 kHz. Subjects were
young people aged 12–19 years from the United States. Two data from the periods
of 1988–1994 and 2005–2006 were compared. The overall prevalence of noiseinduced threshold shift was 16% at both periods though the prevalence of
recreational noise was found to have increased significantly. Hence, the study
revealed no clear association between an increased recreational noise exposure and
the prevalence of NIHL. However, the prevalence of NIHL was increased among
female youths.
A German study investigated the prevalence of noise-induced threshold shift
defined in the same way as in the aforementioned study among 15–16 years old
teens. The prevalence of noise-induced threshold shift was significantly lower, only
2.4%, than in the study of E. Henderson et al. (Twardella et al. 2013)
A four-year follow-up study from Argentina examined the effects of
recreational noise exposure on the hearing of adolescents (Biassoni et al. 2005,
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Serra et al. 2005). Musical activities, especially attendance at discos (equivalent
sound levels 104.3 and 112.4 dB(A)) but also personal music players (equivalent
sound levels 75 and 105 dB(A)) , proved to play a significant role in young people’s
noise exposure. The authors concluded that the exposure to high sound levels
during leisure activities can be a cause of permanent hearing damage among young
people with “tender ears”.
2.2.4 Other factors
Several environmental physiological and chemical factors are known to have a
harmful effect on human hearing either independently or combined with noise
exposure. The ototoxicity of many organic solvents such toluene (Johnson et al.
1988, Lataye & Campo 1997, Morata et al. 1993), ethylbenzene styrene (Lataye et
al. 2000) and xylene, and their effect of increasing the harmfulness of noise, have
been demonstrated in experiments on animals and in epidemiological studies (Choi
& Kim 2014, Metwally et al. 2012, Sliwinska-Kowalska 2008, Unlu et al. 2014).
Of the asphyxiants, at least carbon monoxide gas (Chen & Fechter 1999, Young et
al. 1987) and hydrogen cyanide (Fechter et al. 2002) have similar effects. Based on
epidemiological studies heavy metals like lead, mercury, cadmium and arsenic have
been found to have an effect and possibly they may be capable of aggravating NIHL
(Choi & Kim 2014, Forst et al. 1997, Prasher 2009).
Whole body vibration is thought to increase the harmful effect of noise on
hearing. Some research findings from experiments on animals and humans support
this (Hamernik et al. 1989, Manninen 1985). There is research evidence linking
vibration white finger, also called Raynaud’s phenomenon, and NIHL (Pettersson
et al. 2014). It is also considered possible that vibration white finger increases the
risk of NIHL; a new research finding supports this hypothesis (Turcot et al. 2015).
All of the aforementioned factors may occur in some form in the working
conditions of soldiers. Various military vehicles occasionally expose soldiers to
loud noise and whole body vibration, which may have an effect on hearing
(Nakashima 2005). Soldiers in engineering corps are occasionally exposed to the
vibration of rock drills. Soldiers serving in engine maintenance tasks may be
exposed to a significant extent to the effect of carbon monoxide gas and other
inhaled toxins.
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2.3

Individual susceptibility

The varying susceptibility of individuals is well known and frequently mentioned
in a literature. The reasons for this are still partly unknown albeit active research in
recent years has produced a lot of new information about the functioning of the
hearing system and the factors behind NIHL. Factors affecting the development of
NIHL may come from environmental conditions or the individual traits of a person
(Figure 6).
Occupational
noise exposure
• Sound power
• Duration
• Impulsiveness

Environmental
factors
Other
environmental
factors
• Vibration
• Volatile solvents
Behavior
• Recreational noise
• Hearing protecting
• Smoking

Unique individual
combinations of
factors

Hearing
organ
injury

Communication
disability

Physical condition
Gender
Age

Individual
factors

Diseases
• Ear diseases
• Cardiovascular diseases
• Disorders of central
nervous system
Medication

Heredity

Fig. 6. Relations between environmental conditions, individual traits and disability due
to noise-induced hearing organ injury.

2.3.1 Genetic factors
In addition to several environmental factors, individual susceptibility to noise is
also affected by individual genetic traits. The first observations of genes related to
a susceptibility to noise were found in animal trials. Research on human genetics
is more difficult because there are many factors affecting the development of NIHL
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and their interactions are complex. However, since genotyping methods have
become more efficient, there has also been progress in the research on human
genetics related to susceptibility to NIHL. The latest association studies have been
focused on the group of oxidative stress genes, inner ear potassium recycling
pathway genes and monogenic deafness genes. The NILH associations of some
genes have been shown in two or three independent populations. Two of these genes
encode potassium ion channels (KCNQ4 and KCNE1), the others are genes
encoding catalase (CAT), protocadherin 15 (PCDH15), myosin 14 (MYH14) and
heat shock protein (HSP70). (Sliwinska-Kowalska & Pawelczyk 2013).
2.3.2 Protective functions of the hearing system against NIHL
The human hearing system maintains a continuous readiness to detect and
recognize significant signals, especially speech. Moreover it needs protection from
injurious sound. As such, it has to be able to adjust its function for continuously
changing listening circumstances. The capability of the mammalian cochlea to
sound-conditioning has been known for a long time (Canlon et al. 1988). It means
that a moderate noise exposure may increase cochlea’s resistance to NIHL. Several
studies show that the mammalian cochlea can dynamically alter its own sensitivity.
Many adaptive feedback systems underlying that phenomenon have been identified,
but their activities are not yet known very precisely. Individual susceptibility to
NIHL may partly be linked to those functions.
Middle ear muscle reflexes
In the human middle ear there are two small muscles: the tensor tympani and the
stapedius, the latter of which is significant for hearing. It is able to elevate a hearing
threshold by stiffening the tympanic membrane and the ossicular chain. The
stapedius is innervated by the facial motoneurons originating in the facial nucleus
of the brain stem. The middle ear muscle reflex (MEM), also referred to as an
acoustic reflex or a stapedius reflex, that is evoked by an external loud tone or noise
or during a vocalization. It can also be triggered by non-acoustic stimulation, for
example: chewing or in some individuals under voluntary control (Liberman &
Guinan Jr. 1998, Pang & Guinan Jr. 1997).
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Olivocochlear efferent reflex
The olivocochlear bundle refers to the efferent nerve fibers from the brainstem to
the cochlea. The anatomical structures of the olivocochlear reflex (OC) are, broadly,
the cochlea, the cochlear nucleus, the olivocochlear complex in the brain stem and
the vestibular and auditory nerves. The sound-evoked activation of OC attenuates
the amplification function of outer hair cells (Liberman & Guinan Jr. 1998).
Significance of MEM and OC?
In previous literature both the MEM and the OC reflexes are suggested to protect
the ear from an acoustic injury. At least with respect of OC this hypothesis is
relevant according the results from animal experiments and one human study
(Ciuman 2010, Fuente 2015, Wolpert et al. 2014). However, the primary function
of the MEM and the OC reflexes may be the anti-masking effect on hearing in noise.
As reviewed by Liberman and Guinan (1998) the reflexes complement each other.
The cochlear response for the MEM reflex is strongest at low frequencies, while
for the OC reflex it is strongest at the middle and high frequencies.
The significance of the protection of the OC and the MEM reflexes against
very high noise levels may be limited particularly in the case of impulsive noise
due to the latency and the short-term effect of the reflexes.
Hypothalamic-pituitary-adrenal axis: Impact of stress on cochlear function
The hypothalamic-pituitary-adrenal axis (HPA) is a major part of the human
neuroendocrine system including the hypothalamus, the pituitary gland and the
adrenal cortex. Its essential role is to control the body’s stress reactions by
regulating the production of cortisol in the adrenal cortex. Cortisol regulates several
homeostatic systems such as the energy metabolic, cardiovascular, immune,
reproductive and nervous systems. At the cellular level cortisol generates its
biological effect by binding to the glucocorticoid receptor that affects the inhibition
or activation of cortisol responsive genes. There are also glucocorticoid receptors
in the inner ear (Rarey et al. 1993, Shimazaki et al. 2002, Tahera et al. 2006, ten
Cate et al. 1992). Canlon et al. (2007) review thoroughly how the stress-induced
activation of the HPA axis regulates the auditory sensitivity.
Recent studies suggest that there may be also a local HPA-like feedback system
in the cochlea. It means that the cochlea would be a neuroendocrine organ i.e. it
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would also be able to produce in addition to glucocorticoid receptors
glucocorticoids (Basappa et al. 2012).
Purinergic signalling in the cochlea
It has been shown that the cochlea may modulate its own sensitivity by a purinergic
adaptation mechanism. The extracellular purines such as adenosine triphosphate
(ATP) may act as a neurotransmitter in the regulation processes of cochlear
electrochemical
homeostasis,
auditory
neurotransmission,
cochlear
micromechanics and cochlear blood flow. The hair cell’s sound-transduction
process is modulated by the regulation of the expression of ATP-gated ion channels
(Housley et al. 1999, Housley & Thorne 2000).
2.3.3 Cardiovascular disease and related risk factors
A sufficient blood supply is critical for the cochlea (Nakashima et al. 2003). A
circulatory disorder in the spiral ganglion, even a transient one, may damage vital
cochlear tissue. It is reasonable to assume that vascular diseases would affect
hearing or aggravate the harmful effects of noise on hearing.
Influence of CVD on hearing
A few cross-sectional epidemiological studies suggest an association between CVD
and hearing impairment (Gates et al. 1993, Torre III et al. 2005).
In contrast, the Finnish population-based cross-sectional study conducted by
Lohi et al. (2015) found no clear association. Fischer et al. (2015) studied
longitudinally whether subclinical atherosclerosis was associated with the risk of
developing hearing impairment in a large cohort of middle-aged participants.
Atherosclerosis was associated with the 5-year incidence of hearing impairment in
the predominantly middle-aged cohort.
Impact of CVD and noise on hearing?
In two studies with fairly large data sets (Gold 1989, Kent et al. 1986) could not be
found any association between cardiovascular factors and NIHL. On the contrary,
an epidemiological study carried out by Gan et al. (2011) showed chronic exposure
to occupational noise to be strongly associated with prevalence of CVD and the
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study of Yoshioka et al. (2010) showed that persons with carotid atherosclerosis
had worse hearing at frequencies of 0.5–1 kHz than persons without atherosclerosis.
The aggravating effect of atherosclerosis on NIHL was evident.
The association of the risk factors for CVD and NIHL seems complex and the
evidence of the significance of distinct factors is somewhat checkered. No clear
evidence can be found from the literature for the direct effect of high blood pressure
on NIHL. However, a number of recent studies show that ambient noise may cause
arterial hypertension and therefore it is a risk factor for CVD (Assunta et al. 2015,
De Souza et al. 2015, Gan et al. 2011, Sancini et al. 2014); hence, assuming that
vascular degeneration is linked to CVD, arterial hypertension may be in some way
related to the development of NIHL.
Some studies provide evidence for the impact of dyslipidemia on hearing loss
(Evans et al. 2006, Gratton & Wright 1992). A few studies on the association of
dyslipidemia and NIHL show varying results. In Axelsson’s and Lindqren’s study
the risk of NIHL seemed slightly elevated in noise-exposed persons with high
serum cholesterol (1985). In a large study conducted by Chang et al.,
hypertriglyceridemia increased the risk of NIHL, but hypercholesterolemia did not
have an effect on hearing (Chang 2007). In a study on several susceptibility factors
for NIHL Pyykkö et al. (2007) found serum cholesterol and smoking to be
independently related to NIHL.
An adverse effect of smoking on hearing has been noted in studies
(Cruickshanks et al. 1998, Prasad & Nayak 2013). Accordingly, its aggravating
effect on the development of NIHL has been shown in several studies (Mizoue et
al. 2003, Rahimpour et al. 2012, Tao et al. 2013, Wild et al. 2005). The doseresponse relationship between smoking and the degree of NIHL has been noted
(Virokannas & Anttonen 1995).
Obesity is one of the risk factors for cardiovascular diseases that is also often
associated with a disorder in glucose and lipid metabolism. There have not been
very many studies on a possible connection between obesity, hearing and NIHL.
Chang et al. studied the audiograms of 299 workers exposed to noise and found
that people who had a high BMI had 4 kHz notches more frequently than others
(Chang et al. 2012).
The debilitating effect of diabetes on hearing is clear on the basis of a recent
meta-analysis (Horikawa et al. 2013). There is also evidence of the risk of NIHL
from diabetes (Jang et al. 2011).
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2.4

Diagnostic measurements

Pure-tone audiometry
Pure-tone audiometry is a standardized diagnostic method for evaluating hearing
sensitivity i.e. hearing thresholds at specified frequencies (ISO 8253-1 2010). The
result of the measurement is called a hearing level and its unit is decibel, dB HL.
Pure-tone audiometry has been used for both diagnostics and screening of hearing
impairments.
Diagnostics of hearing impairments requires clinical audiometry which means
that all the air-conduction pure tone thresholds of 0.125, 0.25, 0.5, 1, 2, 3, 4, 6 and
8 kHz are measured, along with bone-conduction thresholds 0.25, 0.5, 1, 2, 3 and
4 kHz when needed.
In order to obtain reliable results, the audiometry must be performed in a quiet
space, preferably in a standardized soundproof room. There are standards (e.g. ISO
8253-1 (2010)) which specify requirements for procedures, equipment and
conditions for audiometry. The person conducting the measurement has to be aware
of the sources of measuring errors, as well to be able to control the calibration and
condition of measuring equipment.
Speech audiometry
Since its early days in the 1920’s pure tone audiometry was found to be insufficient
in assessing speech perception. The ability of speech perception was initially tested
by means of free voice tests that tested the person’s ability to recognize spoken or
whispered words produced by a tester. Understandably, those kinds of tests could
not be standardized and their results were not exact. The first speech audiometer
was developed as early as the 1920’s in the U.S. Harvey Fletcher with his
colleagues was a pioneer in the research of psychological acoustics at Bell
laboratories (Fletcher 1929). The review written by Hallowell Davis (1977)
provides an interesting illustration of the early history of psychological and
physiological acoustics. Tauno Palva started the research of Finnish speech
audiometry and developed the first Finnish speech audiometric test (1952).
The measurement results of speech audiometry are a speech recognition level
or a speech detection threshold level and a maximum speech recognition score. The
former is the lowest sound pressure level of the speech signal at which a person
who is tested can correctly recognize 50% of the test words. The latter means the
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best speech recognition score the tested person is able to obtain at an optimal speech
level. ISO 3853-3(2012) specifies procedures and requirements for speech
audiometry.
A speech audiometric result obtained in optimal hearing conditions does not
match the actual speech perception ability in normal living environments, which
always include more or less disturbing background noise. This is the case
particularly in persons who are hard of hearing (Smoorenburg 1992).
Speech-in-noise tests have been developed for the measuring of speech
perception in noise. The idea of the test is that speech recognition is scored at a
certain speech level when varying the level of background noise. The result of the
test is usually the signal-to-noise ratio at which the individual can correctly
perceive 50% of the words or sentences of the test material. Test signals may be
syllables, digits, words or sentences. Different types of tests have been developed
for several languages (Hagerman 1982, Hochmuth et al. 2012, Jansen et al. 2012,
Kollmeier & Wesselkamp 1997, Plomp & Mimpen 1979, Wagener et al. 2003).
K. Laitakari developed the first computerized adaptable Finnish speech-innoise test whose test material consisted of 1 000 disyllabic words (Holma et al.
1997, Laitakari 1996). The test was developed also for the assessment of binaural
speech perception (Laitakari & Laitakari 1997).
Recently the first validated Matrix Sentence Test has been developed for
Finnish language (Dietz et al. 2014). The development of the test followed the
principle of the EU projects HearCom and HurDig (Zokoll et al. 2013), the purpose
of which is to establish comparable speech audiometric tests across Europe.
The Digit triplet test is a practical speech perception test that is validated for
several European languages, unfortunately not for Finnish. Its sensitivity and
specificity have been demonstrated to be sufficient for assessing speech perception
in noise for screening purposes (Jansen et al. 2013, Zokoll et al. 2012).
Otoacoustic emissions
Information about otoacoustic emissions (OAE) was first published in 1978 (Kemp
1978). OAE refers to measurable sounds in the ear as a “byproduct” of the function
of the organ of Corti. They are caused by the active movement of outer hair cells.
The mechanism for how they originate is complex and is not yet completely
understood. They are evoked in any case by external sounds.
In terms of measuring techniques there are two types of evoked otoacoustic
emissions (EOAE). In transient-evoked otoacoustic emissions (TEOAE)
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measurement, a wide-band short sound (click) is used as the stimulus. In the
distortion product otoacoustic emissions (DPOAE) technique, a tone combination
is used instead of a click; the response it causes in the cochlea is measured.
TEOAEs are the more sensitive of these to cochlear pathology. However, they can
be detected only in the frequency range of 1–4 kHz. An important use of TEAOEs
are the screening of hearing impairments in newborn infants. When measuring with
DPOAE the frequency range is greater, reaching up to 10 kHz. They are not as
sensitive as TEOAEs in identifying cochlear pathologies (Kemp 2002).
Hearing sensitivity and spectro-temporal resolution deteriorate due to
dysfunction of the outer hair cells. The outer hair cells in the organ of Corti are the
most vulnerable part and are the first to be damaged in NIHL. Missing OAE is
considered to be an early sign of hearing loss. To date, there are no methods for
measuring OAEs conducted in any way that have fulfilled expectations as an early
flag of NIHL. Usually, missing emissions cannot be observed until the hearing
thresholds in the range of 3–6 kHz have reached the level of 30 dB.
Extended high frequency audiometry
Extended high frequency audiometry means measurement of the hearing threshold
levels over the range of 9–20 kHz. The ability of the human ear to detect the sounds
over the frequency range from 16 to 20 000 Hz was already known in the early
1900s on the basis of observations made with the Galton Whistle (Galton 1883)
and the Struycken monochord (Feldmann 1995). The range of a conventional pure
tone audiometry is, however, limited to 0.125–8 kHz (ISO 8253-1 2010). The
establishment of extended high frequency audiometry for clinical use has been slow
due to the lack of normative thresholds and uniform measuring techniques.
Individual variations in the size and shape of the ear canals have been considered a
problem when calibrating measuring devices because the wavelengths of the high
frequency tones are close to the dimensions of the ear canal (Shaw 1966, Stevens
et al. 1987). Various technical solutions have been developed to solve the
calibration problem of air and bone conduction audiometry (Corso 1963, Myers &
Harris 1970, Richter & Frank 1985). Tonndorf and Kurman (1984) introduced the
method of electric bone conduction audiometry based on the studies of Sommer
and von Gierke (1964) on an electrophonic phenomenon originally observed by
Alexander Volta (1800). The physical hearing mechanisms and clinical
applicability of electric bone conduction audiometry were further investigated by
Löppönen (1991). ISO389-5:2006 (2006, revised 2014) currently specifies
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reference values for air conduction audiometry in the frequency range 8 kHz to
16 kHz.
Many pathological processes that cause hearing loss, such as NIHL, agerelated hearing loss and the effect of ototoxic substances, begin in the basal turn of
the cochlea, as a result of which a rise in hearing thresholds is initially seen in
higher frequencies in conventional audiometry. It is speculated that early inner ear
damage could be observed even earlier in the extended high frequency audiometry.
The study of Biassoni et al. (2005) showed that noise may impair high tone
hearing in adolescents at least in persons with “tender ears”. The results were
consistent with the results of the later study conducted by Le Prell (2013). Slightly
elevated hearing threshold levels over the extended high frequency range were
reported among active music player listeners. However, the increased populationlevel variability in high frequency thresholds was observed. Fausti et al. (1981)
studied the effects of impulse noise on hearing sensitivity from 8 to 20 kHz among
young military veterans. The main finding of the study was highly individualspecific and unpredictable hearing loss at the extended high frequency range.
Moreover, high frequency audiometry frequently revealed extensive changes not
evident in the 0.25 through 8 kHz range. Büchler et al. (2012) investigated extended
frequency range thresholds and otoacoustic emissions in AAT. The TTS caused by
assault rifle-induced AAT was unilateral in a conventional audiometry and bilateral
in an extended high frequency audiometry. The conventional and extended high
frequency audiometry revealed two separate shifts: one over the range between 3
and 6 kHz and another over the range between 11–14 kHz.
2.5

Review of international surveys on soldiers’ hearing

The adverse effect of noise in military service is well known. Unexpectedly, in spite
of the significance of this topic, very few comprehensive follow-up studies on
noise-induced hearing impairment in professional soldiers can be found in the
literature. An audiological survey of officers in an infantry regiment in southern
Sweden, published in 1993, showed significant hearing loss even in officers who
claimed regular use of hearing protectors during their entire military career
(Christiansson & Wintzell 1993).
Furthermore, Bohnker (2002) studied the mean hearing thresholds of enlisted
personnel in the U.S. Navy and Marine Corps in 1995–1999. The Navy and Marine
Corps men had hearing levels worse than the Occupational Safety and Health
Administration’s age-corrected values throughout most of their careers. Hearing
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thresholds in the Navy had not improved appreciably from historical reports. Then,
based on the same hearing conservation database, Barney and Bohnker (2006)
compared the hearing of personnel characterized by gender, officer status, 5-year
age groups and military occupational skill groups "aviation", "combat arms" and
"other". The "aviation" group did not differ from the "other" category, while the
"combat arms" group was more likely to have elevated hearing thresholds. The
groups of officers and females demonstrated significantly lower rates of elevated
thresholds than did the other groups.
A study by Trost (2007) looked at medical hearing test records of nearly
268 000 enlisted Navy sailors from 1979 to 2004. The study showed that the risk
of noise-induced hearing loss (NIHL) was higher among sailors assigned to a
surface warship than among persons who spent their whole career in an onshore
billet.
Henselman et al. (1995) studied the prevalence of hearing loss among soldiers
representing different racial groups, noise exposure groups and durations of
military service. According to the results, soldiers exposed to high noise levels had
significantly poorer hearing than the group of soldiers with limited noise exposure.
On average, the results indicated a significant difference in hearing threshold levels
among race groups, with black soldiers having the most sensitive hearing and white
soldiers having the poorest. Also, subjects with a longer duration of military service
had the least sensitive hearing.
The impact of combat experiences on soldiers’ hearing was investigated in a
large prospective cohort study based on self-reported hearing data and objective
military service data (Wells et al. 2015). The study showed that the risk for hearing
loss was increased 63% in deployed soldiers with combat experiences. Soldiers
who reported exposure to an explosive blast or had combat-related head trauma
were much more likely to report a hearing loss than others. The risk of hearing loss
was more than six times higher in soldiers with combat-related head trauma.
2.6

Finnish epidemiological surveys

The prevalence of acoustic trauma among regular army personnel of the Finnish
Army was investigated in the sixties by Salmivalli (1967). At that time acoustic
trauma was very common in soldiers already soon after the beginning of their
military service. Nearly 50% of soldiers in the 20–29 age group had a significant
NIHL (a dip of over 60 dB and/or extending to the speech range). The
corresponding proportion in the 40–49 age group was 60%.
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M. Ylikoski and J. Ylikoski (1994) investigated the prevalence and degree of
hearing loss and other disabling consequences of noise among professional soldiers.
As a conclusion they found that the prevalence of hearing loss in the FDF seemed
to have decreased, yet even though the use of hearing protectors had increased
substantially, a fairly large number of younger men still suffered from considerable
hearing loss and disabling tinnitus. Most of the subjects experienced
communication difficulties in noisy environments.
In another study, M. Ylikoski (1994b) assessed the amount of gunfire noise
during a military career and the effect of gunfire noise exposure on the hearing of
professional soldiers. He concluded that if effective hearing protectors are not worn
at all times during shooting events, exposure to gunfire noise among professional
soldiers is high enough to cause severe hearing deterioration already at early stages
of their career.
Mrena et al. (2008) studied the effect of improved hearing protection
regulations on the prevention of military NIHL. Hearing data of two groups of
Finnish professional soldiers were compared. The first group included soldiers who
were discharged from their active career between years 1984 and 1986 and the other
group was discharged between 2003 and 2005. Hearing protection regulations
became stricter between these periods. The study revealed slightly better hearing in
the latter group compared to the group served before the stricter regulations. The
difference was clearer among warrant officers than officers. However, the authors
concluded that the results were milder than expected.
Until now an extensive study of noise-induced hearing loss among professional
soldiers of all the services and service branches in the FDF and the FBG has not
yet been carried out.
2.7

Treatment of AAT and NIHL

Noise-induced hair cell loss is incurable. However, the increased research data of
human hearing system and injury mechanisms related to NIHL have opened
promising prospects for new treatments. The development of several types of
pharmacological agents aims at the prevention of cochlear injury before high
intensity noise exposure, and on the other hand, at the enhanced post-traumatic
recovery of cochlear tissue (Rajguru 2012). New potential drugs, such as
glucocorticoids, antioxidants, magnesium or glutamate antagonists, could mitigate
in various ways the adverse effects of increased energy metabolism caused by the
overstimulation of the organ of Corti.
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Hyperbaric oxygen therapy reduced morphological and functional defects after
AAT in rats (Kuokkanen et al. 2000) and in guinea pigs (Colombari et al. 2011).
The positive effect of hyperbaric oxygen therapy on the recovery of hearing after
AAT was presented in several studies (Ylikoski et al. 2008). However, the recent
review of the topic (Van Der Veen et al. 2014) considered the evidence for the
efficacy of hyperbaric oxygen therapy in the treatment of AAT to be weak due to
heterogeneity in adjuvant therapies, follow-up, and treatment protocol.
2.8

Hearing conservation in FDF and FBG

2.8.1 Regulations for hearing conservation
The first guidelines for Finnish soldiers’ hearing protection were instituted in 1968
and revised in 1979. The content of the earliest regulation is not exactly known
because the original document (Pääesikunta 1968) was not available to the author.
Reportedly, soldiers were instructed to use hearing protectors when shooting at
shooting ranges. The earliest hearing protectors were some kind of ear plugs. The
revised version of the regulation (Pääesikunta 1979) made the use of ear muffs
mandatory when shooting at sheltered shooting ranges. Hearing protection with ear
plugs was allowed when shooting at battle shooting situations or at open shooting
ranges. Everyone who was closer than 10 meters from the nearest shooter had to
use hearing protectors. Specific instructions were given for hearing protection
against large caliber weapon noise. However, according to that regulation hearing
protection had to be implemented while taking into account general safety in
military actions. Furthermore, hearing protectors were not allowed to cause undue
harm during operations. Due to both this limiting statement and the discomfort of
early ear plug types hearing protection was probably insufficient among soldiers.
The aforementioned regulation was updated in 1985. According to the
supplementary order (Pääesikunta 1985) at least ear plug-type protectors had to be
used in all shooting situations, even when shooting blanks.
The Surgeon General of the FDF, Major General (M.C.) Kimmo Koskenvuo,
established a committee in 1983 for surveying possible measures for preventing
NIHL in the FDF. Based on the recommendations of this committee the Defence
staff training section prepared new hearing protection regulations that included
detailed instructions for persons responsible for military education and training
(Pääesikunta 1989, Pääesikunta 1992). Measures for hearing protection; e.g.
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instructions regarding hearing protector types and safe distances from noise sources
in different kind of service conditions were defined in detail.
2.8.2 Hearing screening and classification of hearing measurement
results
The regular hearing screening of the staff of the FDF and the FBG was started in
1977 (Pääesikunta 1977) and conscripts’ hearing tests at the beginning of military
service were started in 1982 (Pääesikunta 1982). Detailed guidelines for soldiers’
hearing screening were given in 1986 (Pääesikunta 1986).
The results of the screening tests have been classified into four hearing classes
(HC) according to the prevailing practice defined by Finnish Institute of
Occupational Health (Uitti & Taskinen 2012). The classification has been widely
used in Finnish occupational health care since the late 60s when it was originally
been designed by Salmivalli and Vaheri.
The soldier’s HCs of both ears have been taken into account when determining
his fitness for military service. HC3–4 in one or both ears has been a reason not to
recruit a person to the military service or at least to the tasks of the noisiest military
specialties.
In cases in which a hearing result measured in the occupational health checkup was classified as HC3, the otological examination had to be made by an ENT
specialist.
The HCs are defined as follows:
–
–

–
–

HC1: All pure tone air conduction (AC) thresholds at 0.5−8 kHz are 20 dB or
better.
HC2: Pure tone AC thresholds at 0.5−2 kHz are 20 dB or better. At 3 kHz the
pure tone AC threshold is better than or equal to 45 dB. At 4 kHz the pure tone
AC threshold is better than or equal to 60 dB.
HC3: The average of pure tone AC thresholds at 0.5−2 kHz is better than 20 dB,
but the thresholds do not meet the criteria of HC2.
HC4: Like HC3, but the average of pure tone AC thresholds at 0.5–2 kHz is
20 dB or worse.

According to the guideline of the classification, the HC has to be first determined
separately for both ears. Then the hearing has to be defined based on the HC of the
poorer ear.
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HC1 in both ears has been regarded as representing “normal hearing”, HC2 in
any ear a mild hearing impairment emphasizing higher frequencies, HC3 a
significant hearing impairment emphasizing the higher frequencies and HC4 a
notable hearing impairment that also covers the frequencies important to speech
discrimination.
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3

Material analysis and research contribution

3.1

Description of soldier’s career

The mean durations of military service in the classes including periods of
conscription and service before an admission to military schools are presented in
Table 5. All the soldiers in the classes C65–70 ended their active military career
before the end point of the follow-up period set for this study (December 31, 2007).
In the younger classes many soldiers continued serving after that point. A fairly
large variation of the career duration can be seen in the classes C65–85. There is
not any significant difference between career durations of officers and warrant
officers.
Table 5. Soldiers’ age at the beginning of a military service and at the end-point of the
follow-up period (December 31, 2007) or at the point of leaving an active military service.
Lengths of soldiers’ career / follow-up periods. O = officers; WO = warrant officers;
SD = standard deviation; C65–95 = year-classes.
Class

Educational rank

Age at the start of

Age at the end of

Length of military career /

military service

military career /

follow up period

follow-up period
C65
C70
C75
C80
C85
C90
C95

mean

SD

mean

SD

mean

SD

min

max

O

20.3

1.1

48.4

5.8

28.0

5.9

5.9

39.2

WO

19.2

1.0

45.9

4.8

26.7

4.7

0.9

43.1

O

20.5

1.1

44.9

9.5

24.4

9.2

3.9

36.2

WO

19.4

1.0

47.1

5.0

27.7

5.0

2.6

40.5

O

20.2

1.2

47.3

7.0

27.1

6.5

6.6

35.0

WO

19.5

1.2

47.2

5.4

27.7

5.4

5.3

38.5

O

19.6

0.7

47.0

4.9

27.1

4.9

7.5

34.5

WO

19.7

1.2

46.0

7.6

26.2

7.5

2.0

33.9

O

19.6

0.5

44.0

1.3

24.3

1.3

23.2

30.4

WO

19.6

1.1

42.3

6.9

22.8

6.8

2.6

30.5

O

19.6

0.7

38.2

2.1

18.5

2.0

7.8

23.3

WO

19.7

0.8

40.2

1.8

20.5

1.7

17.8

27.9

O

19.6

0.7

33.8

1.2

14.2

1.0

12.3

18.6

WO

19.6

0.8

35.1

1.2

15.5

1.8

9.1

26.2

The numbers of soldiers and the follow-up periods in the classes are presented in
Figure 7.
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Fig. 7. Numbers of soldiers in the classes during a course of military service.

The amount of noise to which a soldier is exposed depends on the task and the
phase of his career. Because there are variations in the educational background and
tasks of soldiers, there may be significant individual variation in the number of
noisy work years. In this study the duration of cumulative noisy work for each
soldier was calculated. In accordance with advice from military experts, the
following were considered noisy work phases: conscription period, training in
professional military schools, serving in maintenance and training tasks at the
company level, and service in peacekeeping missions. Table 6 shows the total
durations of noisy work phases of officers and warrant officers for each class.
Officers are transferred to staff work more frequently and earlier than warrant
officers.
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Table 6. Duration of noisy phases of military career in year classes (C65-95).
WO = Warrant officers; O = Officers; SD = standard deviation.
Class

Educational rank

C65
C70
C75
C80
C85
C90
C95

3.2

Noisy years

SD

O

14.9

4.5

WO

20.1

8.4

O

14.4

6.3

WO

20.9

8.3

O

15.9

4.7

WO

20.6

8.7

O

13.8

3.5

WO

19.2

8.5

O

13.4

2.9

WO

18.6

7.8

O

13.5

2.8

WO

17.1

3.9

O

12.5

1.8

WO

13.2

2.3

Audiometric measurements

The data included a total of 15 189 hearing tests. Most of them are the results of
tests performed in the health centers of the detachments. The hearing screening
practices have varied by location and over the decades. Besides the results of tests
made for screening purposes, the audiometric data included just a few clinical
audiograms that were measured in the ENT departments of the military hospitals
as an etiological examination of a hearing impairment found in screenings.
3.2.1 Types of hearing tests
20 dB screening test
The 20 dB screening test was used extensively in early hearing examinations. The
20 dB test means that only the subject’s ability to hear tones at 20 dB was measured.
Hearing thresholds were usually measured only for those individual frequencies
that the subject did not hear at the level of 20 dB.
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Restricted pure tone audiometry
Most of the hearing threshold measurements of this study were conducted at health
centers of the FDF and the FBG. The number of frequencies measured in these
measurements is lower than in proper clinical audiometry. Frequencies of 0.125
and 0.250 kHz have not been measured. That is why the threshold measurements
taken at health centers are called restricted pure tone audiometry (RPTA) in this
study. Until the late 1980s, the frequencies 3 and 6 kHz were commonly not
measured in both threshold measurements as well as in 20 dB tests. Obviously this
was due to the technical limitations of audiometers of that time. No bone
conduction measurements were conducted in connection with RPTA. Presumably,
there is qualitative variation among RPTA tests measured at different times and in
different places. It has perhaps not always been possible to ensure the competence
of the person conducting the study or to make sure the measurement conditions are
free of acoustic interferences. However, it is possible to get a reasonably reliable
overview of the hearing of soldiers based on the test results of iterated RPTA tests.
Clinical audiometry
Pure tone air conduction thresholds of 0.125–8 kHz and bone conduction
thresholds when needed were measured in the ENT units of the military hospitals.
Number of measurement results of different types of audiometric tests
The entire data of 15 189 hearing test results include 8 502 (56%) results of RPTA
with frequencies 0.5–8 kHz and 2 173 (14%) results without the frequencies 3 and
6 kHz. 20 dB tests were measured in 4 039 (27%) cases. The number of clinical
audiometric measurements (CA) was 487 (3%). Speech audiometry was performed
in connection with CA in 58 cases. Unexpectedly, in spite of the relatively high
prevalence of NIHL among soldiers the data include quite a small number of CA
results. It is possible that not all the hearing test results from the archives of military
hospitals were found when collecting the data.
Figure 8 shows numbers of hearing test types at different times. There was an
increase in hearing test activity in the mid-1970s. However, the majority of soldiers
were excluded from regular monitoring of hearing. Initially 3 and 6 kHz
frequencies were usually not measured, but their measurement became more
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common in all threshold measurements beginning in the late 1980s. The use of the
20 dB test was gradually abandoned by the late 1990s.
1000
900
800
700
600
500
400
300
200
100
0

20 dB screening

RPTA without 3 and 6 kHz

RPTA

CA

All

Fig. 8. Numbers of different types of hearing tests used in the Finnish military health
care system over the years 1961–2007. Hearing test types: 20 dB screening test,
restricted pure tone audiometry (RPTA) with and without the frequencies 3 and 6 kHz
and clinical audiometry (CA).

3.2.2 Frequency and time of hearing tests
Regular hearing tests of all soldiers were started in the mid-1980s in connection
with health check-ups. Prior to that, hearing testing activeness varied (Table 7).
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Table 7. Timing of first hearing test in the year-classes. Frequency of hearing tests over
the period of regular hearing screening. SD = standard deviation.
Class

First hearing test, years

Test interval, years

mean

mean

SD

C65

13.8

2.4

2.2

C70

10.0

2.2

1.6

C75

8.1

2.5

2.1

C80

4.3

2.6

1.0

C85

2.4

3.1

2.1

C90

0.4

3.2

1.7

C95

0.2

2.8

1.2

3.3

Soldiers’ hearing 1965–2007

How has Finnish soldiers’ hearing changed over the past few decades since
Salmivalli’s investigations showed that AAT was very common among the infantry
soldiers?
3.3.1 Hearing thresholds among three age groups
Figure 9 shows the distributions of hearing threshold levels among three age groups
(26–30; 36–40; 46–50) together with corresponding reference values of ISO1999
(2013). The analysis was based on Data 3.
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Fig. 9. Medians with 10th and 90th percentiles for hearing threshold levels in three age
groups (26–30; 36–40; 46–50 years) and corresponding reference values from
ISO1999:2013 (Database A) for 30, 40 and 50 years old otologically healthy men without
extraordinary noise exposure. Age is shown in the lower left corner of each audiogram.
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3.3.2 Etiology of soldiers’ hearing impairments
The entire material consists of 39 soldiers (2.0%) with an ear disease. The
diagnoses were chronic middle ear infection or cholesteatoma (9), otosclerosis (5)
and a perforation in the tympanic membrane (11). In fourteen cases the cause of the
hearing impairment was unknown but the history or the type of the audiogram was
not typical for NIHL.
As Figure 9 shows, soldiers’ hearing losses occur most commonly at high tones.
Additionally, the clear progression of hearing losses over the range of 3–6 kHz is
evident as typical for NIHL. Hence, noise seems to be the most likely cause of the
soldiers´ HI in the investigated group. The 39 soldiers who had some other ear
diseases were excluded from further calculations. Therefore, later in the text of the
present study the term NIHL is used instead of HI.
3.3.3 Occurrence and degree of NIHL in the year-classes
The aim here is to determine how many cases of NIHL occur in the year-classes, at
what phase they occur, and what level they are. Another goal is to find out whether
there are differences in the occurrence of NIHL between officers and warrant
officers.
The analysis is made based on the material of Data 1 (N = 1 902) by using as
an outcome measure the PTT3,4,640, which indicates NIHL. The follow-up starts
from the beginning of military service and ends at the time of the last hearing test.
The cumulative survival curves in Figure 10 present the proportion of soldiers
remaining without hearing impairment, or conversely, the occurrence of NIHL in
the course of military career. The number of NIHL rises quite steadily until 20 years.
Thereafter the curves slightly bend downward. The inadequacy of hearing data in
the oldest classes of C65 and C70 is clearly evident. In particular, the curve of C65
does not give a true picture of the progression of hearing among the soldiers of C65
whose hearing was often measured first the time as late as over 20 years after the
beginning of military service.
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Classes

1,0
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Fig. 10. Kaplan-Meier curves for classes C65–C95. Outcome measure is the worst pure
tone threshold exceeding 40 dB in either ear over the frequencies of 3–4 kHz (PTT3,4,640).

The point of 15 years military service is the most appropriate to compare the classes
C70–95 because thereafter the number of soldiers in the C95 is very low. A
difference of over 10 percent can be seen between the courses of C95 and C70. The
survival curves of the three youngest year-classes are quite similar. At the point of
20 years the comparable classes are C70–90. The difference between these classes
is over 20 percentages and it still slightly increases towards the end of the followup.
Training level
The survival analysis with the outcome measure of PTT3,4,640 shows no significant
difference in the occurrence of NIHL between officers and warrant officers (Figure
11).
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Fig. 11. Kaplan-Meier curves for officers and warrant officers. The outcome measure
used in the analysis is the worst pure tone threshold exceeding 40 dB in either ear over
the frequencies of 3–4 kHz (PTT3,4,640).

BEHL0.5–420
62 soldiers among the soldiers of Data 2 got a NIHL during the follow-up period
of 25 years (Table 8). Due to the very small number of events related to the total
number of the group (1 902) the difference between the classes is not significant (P
(log-rank) = 0.168). Therefore, Kaplan-Meier curves are not presented.
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Table 8. Numbers of events with the variable of BEHL0.5–420 during the 25-year followup period.
Class

Total N

N of Events

C65

454

22

C70

195

15

C75

192

10

C80

217

6

C85

301

6

C90

290

1

C95

253

2

1 902

62

Overall

Degree of NIHL
The cross-sectional analysis is based on Data 1a. It contains soldiers (N = 830)
whose hearing was tested 15–20 years after the start of military service. Table 9
shows numbers of soldiers in the classes and quartiles for PTT3,4,6 and BEHL0.5–4.
Table 9. Numbers of soldiers in the year-classes 1965–1995 (C65–95). Medians and
quartiles for variables PTT3,4,6 and BEHL0.5–4.
Class

All

PTT3,4,6

BEHL0.5–4

Quartiles
N

Quartiles
Median

75

C65

90

10.8%

20

35

50

6

10

14

C70

81

9.8%

25

35

70

5

9

15

C75

118

14.2%

20

30

50

5

8

11

C80

149

18.0%

20

25

40

2

5

8

C85

188

22.7%

15

25

40

2

5

9

C90

174

21.0%

15

20

30

1

5

8

C95

30

3.6%

15

25

30

1

4

6

830

100.0%

N total

Percent

25

Median

75

25

According to the service branch-adjusted regression model, C65–80 were different
from C95 at 5% significance level (Table 10).
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Table 10. The results of the service branch-adjusted linear regression model: Impact of
year-class on PTT3,4,6. Class 95 is used as the reference class.
Class

Regression coefficients

95% confidence interval
Lower bound

Sig.

Upper bound

Constant

22.66

14.55

30.77

C65

15.46

7.32

23.59

< 0.001
< 0.001

C70

21.95

13.73

30.17

< 0.001

C75

11.77

3.91

19.64

0.003

C80

7.83

0.15

15.51

0.046

C85

5.27

-2.28

12.82

0.171

C90

1.56

-6.00

9.12

0.686

3.3.4 Characteristics of audiometric results
Occurrence of notched audiograms
The objective of this analysis is to find out the occurrence of an audiometric notch
over the high frequencies in different age groups of soldiers. The notch index
defined by Rabinowitz et al. (2006) is used as an indicator of a notched audiogram.
The Analysis is based on Data 3, which includes only hearing results of hearing
threshold measurements over the range of 0.5–8 kHz. In some soldiers more than
one hearing test was carried out during the same five-year age period. In these cases
the last audiogram was used in the calculation.
The result of the analysis shows that an audiogram shape consistent with a
noise notch occurs in each ear in half of the subjects under the age of 25. Notches
were found in approximately 60% of the soldiers among older age groups. (Table
11).
Table 11. Occurrence of notched audiograms.
Age, years

N

< 25

567

14.5%

20.0%

16.2%

50.7%

25–29

786

15.9%

20.7%

20.1%

56.7%

30–34

824

14.3%

21.0%

24.9%

60.2%

35–39

834

13.9%

21.7%

25.3%

60.9%

40–44

853

13.5%

20.4%

25.2%

59.1%

45–49

525

14.5%

18.3%

29.0%

61.8%

84

13.1%

22.6%

27.4%

63.1%

>49
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Right ear only

Left ear only

Both ears

Either ear

Locations of the worst hearing thresholds
Data 3 consists of 851 men whose hearing thresholds have been measured over the
range of 0.5–8 kHz 15 years after the beginning of military service. The worst
hearing threshold, alone or together with some other frequency, of either ear was
selected for every audiogram that was used in the calculation. Figure 12 shows that
the pure tone threshold of 6 kHz in the left ear was most commonly the worst and
the next worst were 6 kHz right, 8 kHz left, 4 kHz left, 8 kHz right and 4 kHz right
in that order.
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F i g . 1 2 . Distribution of the worst hearing thresholds (alone or together with another
frequency) in the audiograms (N = 851), which were measured after 15 years of military
service.

3.3.5 Comment
The hearing impairment at the high tones turned out to be common among all the
soldiers of the present study. The major etiology for the soldiers’ hearing losses is
quite obviously noise. Based on the health records approximately 2% of the soldiers
had a hearing impairment caused by something other than noise. Hearing losses
occur already in the early years of military service and their number increased
steadily over a military career.
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The occurrence of NIHL was significantly lower among the year-classes
started in 1985 or later than in the older year-classes. The survival curve of C65
was biased due to a lack of hearing measurement data. The degree of hearing losses
has concurrently become milder. There is no significant difference in the
occurrence of NIHL between officers and warrant officers even though the officers’
average working time in noisy conditions is at least five years shorter than that of
warrant officers. This may be because the most significant noise exposure
experienced by both officers and warrant officers occurred at the beginning of their
careers.
Audiometric notches over the frequencies of 3–6 kHz are common in all the
age groups of soldiers. A notch can often be seen in both ears. However, a notch is
somewhat more common in the left ear than in the right ear. The most common
location of the notch was at the pure tone threshold of 6 kHz in the left ear. The
second worse hearing level was at the frequency of 6 kHz in the right ear.
3.4

Military service and hearing

The aim of this survey was to evaluate the occurrence and degree of NIHL in
Finnish professional soldiers in different exposure circumstances that were
categorized into eleven groups formed according to service branches. The principle
of the categorization was based on information about educational orientation and
the professional profile in military service. Comments from military authorities
were requested and taken into account when assessing the grounds for the exposure
classification. In each group the noise exposure and the working conditions were
assumed to have essential similarities. The numbers of soldiers in the groups are
presented in Table 12.
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Table 12. Numbers of soldiers in eleven exposure groups.
Group
Air defence
Artillery
Engineers
Engineering maintenance

Total N
80
207
71
358

General logistics

150

Infantry 1

377

Infantry 2

192

Naval soldiers

118

Musicians

48

Pilots

61

Signals

240

Overall

1 902

The artillery group includes soldiers from both coastal and field artillery. The
soldiers of logistics serving in transportation and the maintenance of vehicles,
weapons and armaments are in the group of “Engineering and maintenance”. Other
soldiers in logistics serving in several supporting activities are in the group of
“General logistics”. The infantry was divided into two groups according to the type
of weapons used in the operations: 1) fighters who are mainly exposed to hand gun
noise, 2) fighters who use heavy weapons such as mortars and anti-tank weapons
or who serve in armored forces. “Naval soldiers” refers to the soldiers of warships
except soldiers with engineering assignments.
3.4.1 Occurrence and degree of NIHL in the eleven exposure groups
The comparison of the eleven groups is based on Data 1. The occurrence of NIHL
in the eleven exposure groups is investigated longitudinally by means of KaplanMeier survival analysis. The follow-up starts at the beginning of the military service
and it is continued up to the point in which the NIHL occurs. In the soldiers who
did not get NIHL the follow-up ends at the point of the last hearing test but at the
longest twenty five years from the start.
The survival curves in Figure 13 reveal statistically significant differences
between the groups that were formed according to the service branches.
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Fig. 13. Kaplan-Meier curves for the eleven service branch groups. Outcome measure
is PTT3,4,640.

The degrees of NIHL in the eleven exposure groups are investigated by Crosssectional analysis based on Data 2a (Table 13).

76

Table 13. Cross-sectional analysis at 15–20 years after the start of military service by
means of year-class-adjusted linear regression model. Outcome measure is the worst
pure tone threshold exceeding 40 dB in either ear over the frequencies of 3–4 kHz
(PTT3,4,640). The group of signals was used as the reference group.
Group

Regression
coefficients

Constant

95% Confidence interval
Lower bound

Sig.

Upper bound

22.658

14.546

30.770

Air Defence

1.688

-5.819

9.195

0.659

Artillery

5.203

-0.441

10.847

0.071

Engineers

3.281

-4.410

10.972

0.403

Engineering maintenance

3.058

-1.833

7.949

0.220

General logistics
Infantry 1
Infantry 2

< 0.001

-0.314

-6.644

6.016

0.923

3.651

-1.188

8.490

0.139
0.334

2.897

-2.988

8.781

Naval soldiers

-1.217

-7.623

5.190

0.709

Musicians

-6.572

-15.779

2.634

0.162

Pilots

-9.434

-16.994

-1.874

0.015

In the linear regression analysis, there were no statistically significant differences
among the groups with the exception of pilots, whose PTT3,4,6 was about 9 dB better
than for soldiers in the signal corps, who were used as a reference group. In
musicians PTT3,4,6 was over 6 dB better and in artillery soldiers over 5 dB worse
than the reference. However, in the two latter groups the results were statistically
insignificant. The analysis was adjusted by year-class.
3.4.2 Comment
The results show significant differences in the Kaplan-Meier survivals and the
degree of NIHL among the investigated groups. In the longitudinal analysis three
groups stand out from the others: the pilots, naval soldiers and musicians. In these
groups the 15 year survival rates (PTT3,4,640) were at least 10 percentages higher
and, moreover, the pilots’ hearing level was about 9 dB better (PTT3,4,6) compared
to the reference.
Another finding was differences among the eight other groups in which the
survival (PTT3,4,640) was the highest in the group of signals and the lowest in the
groups of anti-aircraft soldiers and engineers. The difference between these
extremes increased towards the end of military service, being less than 10
percentages at the point of 15 years but over 15 percentages at the point of 20 years.
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The degree of hearing loss of artillery soldiers seemed to be slightly higher than in
other groups. However, the result did not reach statistical significance (p>0.05).
3.5

Individual risk factors and NIHL

The data make it possible to investigate an association between eight suspected
individual risk factors of NIHL: CVD, dyslipidemia, hyperglycemia, smoking,
obesity, arterial hypertension and head injuries.
Survival analyses
The numbers and times of NIHLs in groups that are formed on the basis of
individual factors are investigated by survival analyses. Data 2, (Chapter 1, Section
3.2) which includes 1 312 soldiers and information about hearing and the
aforementioned risk factors, was used in the survival analyses. Kaplan-Meier
curves of compared groups of each investigated variable are presented when using
an outcome measure of PTT3,4,640. Due to the low number of events, Kaplan-Meier
curves of the analyses with the outcome measure of BEHL0.5–420 are not presented.
Cross-sectional analyses
A linear regression model is used to assess the average degree of NIHL in each
investigated group and to compare the groups. Data 2a is used in the cross-sectional
analyses. PTT3,4,6 and BEHL0.5–4 are used as continuous dependent variables. The
soldiers of year-classes C90–95 are used as a reference.
3.5.1 Review of the risk factors
Cardiovascular disease
A soldier was placed in the CVD group if a CVD diagnosis has been marked in his
medical records at any stage of his military career. The material did not enable a
reliable assessment of the duration and stage of the diseases and its temporal
association with NIHL. Therefore, CVD may have been diagnosed before or after
NIHL. Presumably, however, the process of the vascular damage had been going
on before the CVD diagnosis.
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The number of soldiers with the CVD diagnosis found from Data 2 was 180
(11%). One hundred and sixty five soldiers had one, and 15 soldiers had two CVD
diagnoses. The frequencies of the diagnoses included in the material are as follows:
essential hypertension 159, angina pectoris 21, myocardial infarction 5,
atherosclerotic heart disease 2, cardiomyopathy 2, intracerebral hemorrhage 1,
cerebral infarction 2, arteriosclerosis 1 and arterial embolism and thrombosis 1.
Occurrence of NIHL and CVD
The survival analysis with the outcome measure of PTT3,4,640 resulted in no
significant difference in the survivals between the groups of soldiers with and
without CVD (Figure 14).

Fig. 14. Kaplan-Meier curves for groups of soldiers with and without cardiovascular
disease (CVD). Outcome measure is the worst pure tone threshold exceeding 40 dB in
either ear over the frequencies of 3–4 kHz (PTT3,4,640).
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Degree of NIHL and CVD
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of CVD is 4.4 (95% CI -0.43 to 9.1, P = 0.075) and 1.4 for
BEHL0.5–4 (95% CI -0.03 to 2.8, P = 0.055).
Dyslipidemia
The measuring of soldiers’ lipid values did not become part of the regular health
check-ups of the FDF and the FBG until the mid-1980s. In the present study 80
percent of the all 6 007 lipid tests were measured in the years 1985–2007. It should
be noted that the soldiers´ lipid values in the older year-classes were measured at
an older age than in the younger classes. In particular, the older soldiers´ levels of
the serum TG and Chol may have been somewhat higher in the early period when
measurements were not done regularly. In any case, Figure 15 shows a descending
trend in the levels of those parameters.
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Fig. 15. Means of lipid values in the year-classes (C65-95). Serum cholesterol (Chol),
high density lipoprotein (HDL), low density lipoprotein (LDL) and triglyceride (TG).
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The means of all the available measuring values over the entire military career were
calculated for serum cholesterol (Chol), high density lipoprotein (HDL), low
density lipoprotein (LDL) and triglyceride (TG).
In this study a soldier was placed in the dyslipidemia group if he met at least
one of the following criteria: the average of serum HDL < 1.0 mmol/l or
LDL > 3.0 mmol/l or TG > 2.0 mmol/l or Chol > 5 mmol/l. The number of soldiers
in the dyslipidemia group is 978 (51%).
Occurrence of NIHL and dyslipidemia

Cum Survival

The survival analysis with the outcome measure of PTT3,4,640 results in no
significant difference in the survivals between the groups of soldiers with and
without dyslipidemia (Figure 16).

Fig. 16. Kaplan-Meier curves for groups of soldiers with and without dyslipidemia.
Outcome measure is the worst pure tone threshold exceeding 40 dB in either ear over
the frequencies of 3–4 kHz (PTT3,4,640).
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Degree of NIHL and dyslipidemia
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of dyslipidemia is 0.76 (95% CI -2.97 to 4.56, P = 0.68) and
0.86 for BEHL0.5–4 (95% CI -0.25 to 1.98, P = 0.13).
Hyperglycemia and diabetes
In the present study a soldier is considered to belong in the hyperglycemia group if
his blood sugar has been high in blood tests or if he has been diagnosed with
diabetes. All the soldiers´ blood sugar has not been regularly tested. The reason for
the sugar tests may have varied at different times and places but, apparently, blood
sugar has been measured from persons with identified increased risk for
cardiovascular diseases or who have been diagnosed with or suspected of having
diabetes. All the available health records and laboratory printouts consisted of
3 181 test results from 922 men. The 390 soldiers with no data of blood test results
and no mention of diabetes were assumed to be healthy. Because of the frequent
regular health checks, it is unlikely but not impossible that there were some
hyperglycemic soldiers among those unmeasured soldiers. Obviously, the sugar
testing methods and the accuracy of the results have varied over times in an
unknown way: e.g. in many cases it is unclear whether the sugar result denotes the
glucose level of whole blood or plasma/serum.
In this study the hyperglycemia/diabetes group consists of the soldiers whose
mean of all the available sugar test values from serum or whole blood exceeds
6 mmol/l or who have been diagnosed with diabetes mellitus.
There were 174 (13.3%) soldiers in the hyperglycemia/diabetes group. Twenty
five of them had diabetes, of which eleven cases were adult onset diabetes and two
cases were juvenile diabetes. In twelve cases the type of diabetes could not be
exactly identified from the records.
Occurrence of NIHL and hyperglycemia
The survival analysis with the outcome measure of PTT3,4,640 results in a clinically
significant difference in the occurrence of NIHL between the groups of soldiers
with and without hyperglycemia (Figure 17). Statistical significance remains
marginally above the level of 5%.
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Fig. 17. Kaplan-Meier curves for groups of soldiers with and without hyperglycemia.
Outcome measure is the worst pure tone threshold exceeding 40 dB in either ear over
the frequencies of 3–4 kHz (PTT3,4,640).

Degree of NIHL and hyperglycemia
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of hyperglycemia is 3.90 (95% CI -0.36 to 8.16, P = 0.073)
and 1.14 for BEHL0.5–4 (95% CI -0.13 to 2.41, P = 0.078). There is a clinically and
statistically minor significant difference in the degree of NIHL between soldiers
with hyperglycemia and the references (C90–95) with the variable of PTT3,4,6, but
not with the variable of BEHL0.5–4.
Smoking
Occupational health check-ups have usually included questions about soldiers’
smoking habits. Normally four aspects of smoking have been recorded at the health
check-ups: 1) smoking? yes/no, if yes: 2) the number of smoking years 3) if he has
smoked in the past, the year when he stopped smoking and 4) number of cigarettes
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per day. Over the years there has been some variation in how the soldiers have
answered these questions. Anyway, the present data make it possible to form a
reasonably reliable overview of the soldiers smoking habits.
The smoking group consists of the 698 (53.2%) soldiers who indicated they smoked
regularly during the follow-up period. The soldiers who had smoked occasionally
for a short time, or who smoked a few cigarettes sometimes, were not included in
the group.
Occurrence of NIHL and smoking

Cum Survival

The survival analysis with the outcome measure of PTT3,4,640 results in no
significant difference in the occurrence of NIHL between the groups of smoking
and non-smoking soldiers (Figure 18).

Fig. 18. Kaplan-Meier curves for groups of smoking and non-smoking soldiers.
Outcome measure is the worst pure tone threshold exceeding 40 dB in either ear over
the frequencies of 3–4 kHz (PTT3,4,640). Moreover, the result of linear regression analysis
adjusted by the classes does not reveal any significant differences between the groups.
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Degree of NIHL and smoking
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of smoking is 0.83 (95% CI -2.45 to 4.11, P = 0.62) and 0.50
for BEHL0.5–4 (95% CI -0.47 to 1.48, P = 0.31).
Obesity
The soldiers gained an average of 10 kg over the first 15 years of military service.
In this regard soldiers from different year-classes did not differ from one another.
The mean heights and weights of soldiers, along with BMI, are shown in Table 14
by year-class.
Table 14. Soldiers’ height, weight, and body mass index at start of military service.
Weight and body mass index after 15 years of military service. Change of soldiers’
weight over the 15 years of military service.
Class

N

Start of military service
Height

Weight

cm

kg

BMI

After 15 years of military service
Weight

Change of weight

kg

kg

BMI

mean

mean

mean

mean

mean

C65

368

176.4

70.2

22.5

79.2

9.0

C70

114

177.5

71.4

22.6

79.4

8.0

25.2

C75

163

176.9

69.0

22.0

79.7

10.7

25.4

C80

157

179.2

69.5

21.6

82.5

13.1

25.7

C85

165

178.7

70.7

22.1

83.2

13.2

26.0

C90

59

179.8

72.6

22.5

83.9

10.9

25.9

C95

5

176.7

68.8

21.8

83.0

10.3

26.5

1 031

177.6

70.2

22.2

80.7

10.6

25.6

All

25.4

Occurrence of NIHL and obesity
The survival analysis with the outcome measure of PTT3,4,640 results in no
significant difference in the occurrence of NIHL between the groups of obese and
non-obese soldiers (Figure 19).
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Fig. 19. Kaplan-Meier curves for groups of soldiers with and without obesity. Outcome
measure is the worst pure tone threshold exceeding 40 dB in either ear over the
frequencies of 3–4 kHz (PTT3,4,640).

Degree of NIHL and obesity
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of obesity is 3.68 (95% CI 0.22 to 7.13, P = 0.037) and 1.31
for BEHL0.5–4 (95% CI 0.28 to 2.33, P = 0.013). There is a statistically significant
but clinically minor difference in the degree of NIHL between soldiers with obesity
and the references (C90–95).
Arterial hypertension
A soldier is placed in the group with elevated blood pressure if the mean of all the
diastolic blood pressure values measured over his career exceeds 90 mmHg or the
average of the systolic values exceeds 140 mmHg. The blood pressure values of
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soldiers from all year-classes have been monitored in regular health check-ups
approximately every two years starting from the beginning of military career.
Occurrence of NIHL and arterial hypertension
The survival analysis with the outcome measure of PTT3,4,640 results in no
significant difference in the occurrence of NIHL between the groups of soldiers
with and without arterial hypertension (Figure 20).

Fig. 20. Kaplan-Meier curves for groups of soldiers with and without arterial
hypertension. Outcome measure is the worst pure tone threshold exceeding 40 dB in
either ear over the frequencies of 3–4 kHz (PTT3,4,640).

Degree of NIHL and arterial hypertension
According to a year-class-adjusted linear regression model for PTT3,4,6 the
regression coefficient of arterial hypertension is 2.07 (95% CI -1.89 to 6.02,
P = 0.31) and 0.22 for BEHL0.5–4 (95% CI -0.96 to 1.40, P = 0.72).
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Head injuries
There is a brief mention of a head injury in the medical records of 72 soldiers.
Information about the time of the accident and extent of the injury is usually vague.
The majority of the injuries are minor concussions caused by tumbles, blows or
falls. Older year-classes are over-represented in the head injury group (Table 15).
There is no significant difference in the distribution of service branches between
the soldiers who had experienced a head injury and others.
Table 15. Numbers of soldiers who had experienced a head injury
Class

N

Career duration, years, mean

C65

17

25

C70

7

24

C75

10

28

C80

8

25

C85

6

20

C90

0

-

C95

2

13

Occurrence of NIHL and head injuries
The Kaplan-Meier curves of survival analysis with the outcome measure of
PTT3,4,640 are slightly different from each other (Figure 21). However, there is no
statistically significant difference between the groups.
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Fig. 21. Kaplan-Meier curves for groups of soldiers with and without head injury.
Outcome measure is the worst pure tone threshold exceeding 40 dB in either ear over
the frequencies of 3–4 kHz (PTT3,4,640).

Degree of NIHL and head injuries
According to a year-class adjusted linear regression model for PTT3,4,6 the
regression coefficient of head injury is -8.65 (95% CI -17.18 to -012, P = 0.047)
and for BEHL0.5–4 -1.74 (95% CI -4.28 to 0.81, P = 0.18). There seem to be a clear,
clinically and statistically significant difference in the degree of NIHL between
soldiers who have experienced a head trauma and the references (C90–95) with the
variable of PTT3,4,6, but not with the variable of BEHL0.5–4.
The majority of soldiers in the head injury group belong to the older yearclasses. Their hearing test data and information about accidents are scarce in many
cases, which can result in a statistical bias.

89

3.5.2 Comment
There is no clear statistically and clinically significant association between the
investigated risk factors of CVD and NIHL. Of the risk factors of CVD,
hyperglycemia proved to be mildly associated with increased risk of NIHL. Both
the occurrence and degree of NIHL were slightly higher among the soldiers with
hyperglycemia than others. With regards to obesity, the result furthermore
suggested an association between NIHL and obesity.
Soldiers who have experienced a head trauma seem to have fewer NIHLs than
others. However, the difference is not statistically significant; moreover soldiers
with a head injury seem to have better hearing levels over the range of 3–6 kHz
than others. Though the difference is clinically and statistically significant, the
result cannot be considered relevant due to the obscurity of trauma history and overrepresentation of old soldiers whose hearing measurements have often been carried
out incompletely.
3.6

Evaluation of the Finnish hearing classification

3.6.1 Relevancy of the hearing classes
The aim here is to describe how the audiograms of the present material fall into the
four hearing classes. Data 3 is used in this analysis. It contains 8 617 audiograms
measured from all the 1 687 (86.9%) soldiers for whom hearing threshold
measurement data are available over the range of 0.5 and 8 kHz including the
frequencies of 3 and 6 kHz.
First, the hearing measurement results of each ear are classified into the four
hearing classes. Then, the distributions of single pure tone thresholds of each ear in
every hearing class are presented with figures.
Example audiograms representing the typical shapes of audiograms at various
degrees of NIHL are presented for every hearing class. The examples were selected
by first arranging all the audiograms according to the sum of the threshold values
over the frequencies of 0.5–8 kHz and then selecting from the series the audiograms
that represent the minimum, maximum, median, 90th percentile and 10th percentile.
In addition, the shapes of these audiograms are analyzed by comparing the levels
of pure tone averages over the frequencies 0.5–2 kHz and a pure tone average over
the frequencies of 3–6 kHz.
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HC1
The number of audiograms of right ears classified in HC1 is 4 530 and the number
from left ears is 3 982.
Figure 22 shows the distributions of individual pure tone threshold levels in
HC1. The range of hearing level is 30 dB (-10–20 dB) at every pure tone. The
examples of real audiograms demonstrate notable variation among combinations
of pure tone threshold levels in HC1.
In most ears, 62% of right ears and 67% of left ears, PTA3–6 exceeds PTA0.5–
2; i.e. hearing sensitivity is worse at higher than at lower frequencies. The
percentages of ears with worse hearing thresholds at lower frequencies (PTA0.5–
2 > PTA3–6) are 21% in right ears and 18% in left ears.
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Fig. 22. Distribution of hearing levels in Hearing class 1. Minimum, 10th percentile,
median, 90th percentile and maximum calculated individually for every pure tone
threshold (upper). The examples were selected by first arranging all the audiograms
according to the sum of the threshold values over the frequencies of 0.5–8 kHz and then
selecting from the series the audiograms that represent the minimum, maximum,
median, 90th percentile and 10th percentile (lower).
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HC2
The number of audiograms of right ears classified in HC2 is 3 235 and the number
from left ears is 3 585.
Figure 23 shows the distributions of individual pure tone threshold levels in
HC2. The range of the hearing level is 30 dB (-10–20 dB) at the pure tones of 0.5–
2 kHz. The range expands towards higher frequencies. The best hearing levels are
-10 dB at all the pure tone thresholds up to 8 kHz. The worst pure tone thresholds
at the frequencies of 3 and 4 kHz are 45 and 60 dB according to the definition of
HC2. In some cases the hearing thresholds at the frequencies of 6–8 kHz exceed
the maximum measurement level.
The examples of real audiograms demonstrate notable diversity among
combinations of pure tone threshold levels especially at the highest frequencies.
In almost all the ears (96% in right ears and 97% in left ears) PTA3–6 exceeds
PTA0.5–2; i.e. hearing sensitivity is worse at higher than at lower frequencies.

93

Right ear
2

Left ear
4

8 kHz

0.125 0.25 0.5
‐10
0
10
20
30
40
50
60
70
80
90
100
110
120

minimum
minimum
th percentile
10
10percentile
median
median
th percentile
90
90percentile
maximum
maximum

Right ear

2

4

8 kHz

2

minimum
minimum
10thpercentile
10
percentile
median
median
90thpercentile
90
percentile
maximum
maximum

Left ear
4

8 kHz

0.125 0.25 0.5
‐10
0
10
20
30
40
50
60
70
80
90
100
110
120

1

2

4

8 kHz

dB HL

1

dB HL

0.125 0.25 0.5
‐10
0
10
20
30
40
50
60
70
80
90
100
110
120

1

dB HL

1

dB HL

0.125 0.25 0.5
‐10
0
10
20
30
40
50
60
70
80
90
100
110
120

minimum
minimum
th percentile
10
10percentile
median
median
th percentile
90
90percentile
maximum
maximum

minimum
minimum
10
percentile
10th
percentile
median
median
th
90
percentile
90 percentile
maximum
maximum

Fig. 23. Distribution of hearing levels in Hearing class 2. Minimum, 10th percentile,
median, 90th percentile and maximum calculated individually for every pure tone
threshold (upper). The examples were selected by first arranging all the audiograms
according to the sum of the threshold values over the frequencies of 0.5–8 kHz and then
selecting from the series the audiograms that represent the minimum, maximum,
median, 90th percentile and 10th percentile (lower)
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HC3
The number of the audiograms of right ears classified in HC3 is 534 and the number
from left ears is 707.
Figure 24 shows the distributions of individual pure tone threshold levels in
HC3. The range of hearing levels in HC3 is even broader than in HC2. At the pure
tones of 0.5–2 kHz the best values stand between -10–45 dB, whereas the highest
levels exceed measuring limits. The large diversity of shapes can be seen among
the audiograms in the C3.
The percentage of ears with the worst hearing levels at high frequencies
(PTA3–6 > PTA0.5–4) is 81% in right ears and 91% in left ears. The percentages
of ears with the worst hearing thresholds at lower frequencies (PTA0.5–2 > PTA3–
6) are 16% in right ears and 7% in left ears.
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Fig. 24. Distribution of hearing levels in Hearing class 3. Minimum, 10th percentile,
median, 90th percentile and maximum calculated individually for every pure tone
threshold (upper). The examples were selected by first arranging all the audiograms
according to the sum of the threshold values over the frequencies of 0.5–8 kHz and then
selecting from the series the audiograms that represent the minimum, maximum,
median, 90th percentile and 10th percentile (lower).
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HC4
The number of audiograms of right ears classified in HC4 is 318 and the number
from left ears is 343.
Figure 25 shows the distributions of individual pure tone threshold levels in
HC4. The range between the best and worst varies on a very large scale as can be
seen from the example audiograms.
HC4 includes hearing impairments at lower tones. The percentage of ears with
the worst hearing levels at high frequencies (PTA3–6 > PTA0.5–4) is 64% in right
ears and 78% in left ears. The percentages of ears with the worst hearing thresholds
at lower frequencies (PTA0.5–2 > PTA3–6) are 33% in right ears and 18% in left
ears.
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Fig. 25. Distribution of hearing levels in Hearing class 4. Minimum, 10th percentile,
median, 90th percentile and maximum calculated individually for every pure tone
threshold (upper). The examples were selected by first arranging all the audiograms
according to the sum of the threshold values over the frequencies of 0.5–8 kHz and then
selecting from the series the audiograms that represent the minimum, maximum,
median, 90th percentile and 10th percentile (lower).
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3.6.2 Early HC and NIHL
The aim here is to investigate the predictive significance of HC at an early phase
of a military career. Data 3a is used in the analysis. It consists of 282 soldiers,
mainly from the youngest year-classes and whose hearing thresholds have been
measured at least once over the range of 0.5–8 kHz before the start of their
professional military careers. Most of the measurements were performed during or
after the conscript period. Therefore noise associated with the military may have
already affected the soldier’s hearing.
Table 16 shows that a person whose hearing was graded in HC2 or HC3 in one
or both ears at the start of his military career is more likely to develop NIHL
(PTT3,4,640 and BEHL0.5-420) at some point later compared to soldiers with normal
hearing (HC1) in both ears.
Table 16. Cross tabulation of initial hearing classes (HC) and events of hearing losses
(PTT3,4,640 and BEHL0.5-420).
HC1

HC2

HC3

Total

166 (59%)

103 (37%)

13 (5%)

N = 282(100%)

PTT3,4,640, N (%)

6 (3.6%)

34 (33.0%)

4 (30.8%)

44 (15.6%)

BEHL0.5–420, N (%)

1 (0.6%)

4 (3.9%)

0

5 (1.8%)

Initial N

The survival curves in Figure 26 and Figure 27 reveal statistically significant
differences between the groups that were formed according to the initial HCs: 1)
soldiers with hearing graded in HC1 in both ears and 2) soldiers with hearing
graded in HC2 or HC3 in one or both ears.
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Cum Survival

Fig. 26. Kaplan-Meier survival curves for hearing class 1 (HC1) and combined hearing
classes 2 and 3 (HC2-3). Outcome measure is worst pure tone threshold over the
frequencies 3—6 kHz in worse ear.
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Cum Survival

Fig. 27. Kaplan-Meier survival curves for Hearing class 1 (HC1) and combined hearing
classes 2 and 3 (HC2-3). Outcome measure is pure tone average of the frequencies 0.5–
4 kHz over 20 dB (in better ear).

3.6.3 Comment
The distributions of hearing thresholds and the diversity of audiogram shapes are
great in all hearing classes. Hearing sensitivity deteriorated most commonly at high
tones in all the hearing classes. However, there were also cases of hearing loss in
the low and middle frequencies. Their relative share is the highest in Hearing class
4.
Soldiers whose hearing was impaired before the start of their professional
military career had a higher risk of getting NIHL than soldiers with normal hearing.
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4

Discussion

4.1

Theoretical implications

4.1.1 Observations of Finnish professional soldiers’ hearing
How has the hearing of Finnish soldiers changed over the investigated
period?
The occurrence of noise-induced hearing loss among professional soldiers of the
FDF and the FBG declined over the investigated period. The change was most
evident among the soldiers who started their career in the mid-eighties or thereafter.
In addition their hearing losses were less severe than the hearing losses that
occurred among the soldiers in the older classes. Hence, there seems to be a clear
temporal connection between the favorable trend of NIHL and the hearing
conservation measures performed in the FDF and the FBG.
Audiometric characteristics of soldiers’ NIHL
Notched audiograms are common in the present audiometric results. More than half
of the soldiers (Data3), even those in the age group of less than 25 years, have a
notch shape in an audiogram curve over the frequencies of 3–6 kHz in either ear.
The percentage of notched audiograms exceeds 60 percent by the end of military
service. Obviously, the notches in soldiers’ audiograms may be at least partly a sign
of NIHL, inasmuch as in the literature an audiometric notch over the frequencies
of 3–6 kHz has been generally cited as a sign of a NIHL (Coles et al. 2000,
Rabinowitz et al. 2006). However, an audiometric notch is not specific to NIHL. It
is also common in the audiograms of persons with no abnormal noise exposure (Lie
et al. 2014, Osei-Lah & Yeoh 2010).
The worst pure tone threshold was most commonly located at the frequency of
6 kHz in the left ear. The asymmetry of soldiers’ hearing impairment may be
explained by the shooting noise of hand-held weapons, which is directed more on
the left ear in right-handed shooters. On the other hand, based on earlier studies
there are also indications that the left ear is more vulnerable anyway to NIHL than
the right. A randomized population study looked at the asymmetry of hearing of
men and women in three age groups: 5–10 years, 15–50 years and over 50 years.
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The left ear was found to be significantly worse in the adult age groups (Pirilä et
al. 1992). The same difference appeared in men and women who had been exposed
to occupational noise (Pirilä et al. 1991). The TTS measured of subjects in an
experimental TTS study was greater in the left ear than in the right (Pirilä 1991).
One explanation for the location of the worst hearing threshold at the frequency
of 6 kHz may be linked to the impulsive nature of the noise to which soldiers are
exposed. J. Ylikoski investigated etiological factors and characteristics of acute
acoustic trauma in Finnish conscripts (1989). The study revealed that in the
audiograms of soldiers who had suffered an acute acoustic trauma the worst hearing
threshold was most commonly at 6 kHz, followed by 8 kHz and 4 kHz in that order.
Presumably, acute AAT in different degrees is common among professional soldiers.
Another possible explanation for the location of the worse threshold at 6 kHz
can be related to a calibration distortion of the audiometry when using TDH39 type
headphones, in which case 6 kHz hearing thresholds are about 6 dB too high (Coles
et al. 2000). It is likely that hearing tests of the data set have been conducted with
TDH39 type headphones. However, it is not possible to confirm this retrospectively.
The significance of the calibration distortion was tested computationally by
reducing 6 dB from all the 6 kHz threshold values of the data set assuming that
TDH39 headphones were used. After the correction the most common location for
the worst threshold was 8 kHz in the left ear and the second most common location
was 8 kHz in the right ear. Hence, in this study the most significant audiometric
changes were most often at the frequencies of 6 and 8 kHz, unlike the 4 kHz
frequency, which is considered most typical in NIHL.
4.1.2 Potential explanations for the decreasing occurrence of
soldiers’ NIHLs
The clear decline of the occurrence of NIHL among Finnish professional soldiers
over the investigated period gives reason to reflect on its causes. What changes
have taken place in soldiers’ working conditions? Has the ambient noise in military
service decreased? What is the significance of improved hearing protection? Has
soldiers’ resistance to noise somehow strengthened?
Changes in ambient noise conditions?
The material of the present study does not contain measured information about
military noise. Therefore it was not possible to assess a direct relation between
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soldiers’ noise exposure and hearing impairments. Various changes may have
occurred in the armament of service branches over the long period of this study.
Apparently, however, the impulse noise produced by hand-held weapons,
particularly assault rifles, has always been a very significant part of military noise.
Improved hearing protection?
The first regulations concerning the use of hearing protectors were issued in the
late 1960s. At first hearing protectors were uncomfortable and insufficient for
proper hearing protection. Their use became more common and was eventually
required in all shooting situations in the mid-1980s. At the same time, soldiers’
hearing began to be measured regularly in health check-ups. Understanding of the
significance of hearing and the hazards of noise was increased among soldiers.
Based on the results of the present study, there is a clear temporal association
between the decline of NIHL among professional soldiers and improved hearing
protection.
Significance of individual factors?
On the basis of this study CVD and its related risk factors do not seem to be very
significant contributing factors in the development of NIHL. However, the current
results do not rule out an association between cardiovascular diseases and NIHL,
because healthy men in good physical condition have been selected as soldiers.
Presumably, major vascular damages would not have developed yet at the time
when AATs are produced the most. In the present material the number of soldiers
with CVD is relatively small and the diagnoses of CVD were very unspecific. The
most common diagnosis was arterial hypertension. There was no additional
information on the degrees of the diseases or complications. There was also a lack
of information on the temporal connection between the onsets of NIHL and CVD.
Therefore, the material of this study differs significantly, for example, from the
material of the study (Yoshioka et al. 2010) in which an association between
cardiovascular disease and NIHL has been found. In that study the subjects were
older than soldiers in the current study and CVD was defined as atherosclerosis
verified by carotid artery ultrasound scanning and retina fundus camera.
The results indicated that both the occurrence and the degree of NIHL were
higher among soldiers with diabetes or hyperglycemia compared to the others.
Obesity did not have an effect on the occurrence of NIHL, instead, it slightly
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seemed to increase the degree of occurred hearing losses. Smoking and
hyperlipidemia did not appear to be related to an increased risk of NIHL in the
current material.
4.1.3 Effect of military specialty on soldiers’ hearing?
This study looked at the occurrence of NIHL in the eleven different service
environments defined on the basis of service branches. When assessing the results,
it should be noted that all the soldiers had a similar basic training background and
soldiers may have served in more than one service branch. That is why the
differences between the exposure groups may have evened out somewhat. In any
case, significant differences were discovered among the groups. The differences
may be explained by the quantitative and qualitative differences in ambient noise,
as well as practices related to different kinds of tasks, which may have an effect on
the efficacy of hearing protection: e.g. sometimes hearing protectors are not used
due to their interference with speech communication. Also the safety culture and
attitude to hearing conservation may have varied among the service branches. The
impact of non-noise environmental factors, like ototoxic volatile solvents,
asphyxiates, and vibration on soldiers hearing also has to be kept in mind.
As expected, NIHL was most common among the soldiers of combat corps that
use firearms the most. The risk of NIHL seemed to be highest in the tasks of the
engineer corps and anti-aircraft. During the period of the study the most widely
used anti-aircraft weapons were 23 or 40 mm caliber anti-aircraft guns, which
produce sustained fire. The peak level of a single shot generated by those guns is
about 160 dB(C). Engineers use rock drills and they are often exposed to explosive
noise, sometimes even without hearing protection. Particularly earlier, engineers’
tasks included the destruction of minefields with powerful explosive anti-tank
operations with recoilless rifle (Personal communication: Major General Juhani
Kääriäinen 2015).
Somewhat surprising was the finding that the occurrence of NIHL among
soldiers dealing with large caliber weapons, such as mortars, recoilless rifles, antitank guns or cannons, did not vary significantly from that of other fighters. Even
though the sound levels of these weapons are extremely high, the number of rounds
fired is significantly lower than with assault rifles. Apparently, the shooting
situations are always well planned and controlled, in which case accidental firings
are unlikely and hearing protection is easier to carry out compared to conditions
where shooting is done with hand-held weapons in field conditions. It is also
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possible that the soldiers using large caliber weapons shoot less with hand-held
weapons than those for whom the assault rifle is their main weapon.
NIHL occurred as frequently among soldiers engaged in various logistics tasks
as with soldiers in combat troops. The likely reason for this is that logistics is
closely linked with combat troops. Soldiers in logistics participate in noisy
operations with troops engaged in combat. Furthermore most soldiers in logistics
have also served in combat troops during their military career.
Pilots, musicians, and naval soldiers had the lowest risk of NIHL. This result
is probably due to the fact that soldiers in these groups use less hand-held weapons
compared to soldiers in the other groups. The results for pilots were consistent with
earlier findings (Kuronen et al. 2004).
4.1.4 Hearing conservation in FDF and FBG?
The present study looks at the hearing conservation practices carried out in the FDF
and the FBG from 1965 to 2007. What were the measures for protecting soldiers
from the harmful effect of noise?
Hearing assessment before military service
The present research material does not contain the measurement results of soldiers’
hearing from the time before conscription with a few exceptions. The physical
examinations for call-ups were carried out by a civilian public health care system
whose health records from the candidates for military service were not included to
the material. In those examinations hearing was usually assessed based on the
persons’ own information and the previous health records available. Candidates’
hearing were tested over time in different ways by means of free voice tests in
which test words were whispered and spoken by tester or later also by audiometric
screenings. The audiometric tests conducted during a conscript period were
uncommon.
Screening for NIHL in occupational health care
Regular and methodologically standardized hearing tests of Finnish soldiers began
around the mid-1980s. Since then, each soldier's hearing has been tested every two
to three years. The increase of hearing measurements resulted in a significant
increase in the registration of soldiers’ work-related hearing impairments (Figure
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28) in the Finnish official register of occupational diseases (Finnish Institute of
Occupational Health 2015). The peak of the number of registered noise-induced
hearing losses in 1985–1989 is due to an order that required all the soldiers who
had not had regular hearing screening to be tested before retirement. Figure 28
reveals that the registration of suspected work-related hearing impairments was
started in the early 2000’s.
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Fig. 28. Numbers of registered confirmed and suspected work-related hearing
impairments among Finnish soldiers (Finnish Institute of Occupational Health 2015)

Finnish hearing classification
The classification for hearing test results described in Chapter 2, Section 8 has been
used as the basis for the assessment of person’s hearing when evaluating his fitness
for military service. Moreover, the hearing test results measured in health checkups have been graded. According to the guideline, a person found to have HC3 in
one or both ears in annual hearing check-ups should be referred to an ENT specialist
for closer examinations.
The relevancy of the hearing classification for the aforementioned purposes
has not been called into question or evaluated after the adoption of the classification
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since 1970’s. Based on the results shown in paragraph 3.5, a critical look at the
appropriateness of the hearing classification is justified. A significant diversity of
hearing thresholds was found in all the hearing classes especially at the high
frequencies.
The HC1 has been regarded in practice as “normal hearing” that does not
deserve special attention. However, the definition of the normal hearing is not
simple. The important aspect of the definition of normal hearing is how the person
manages in speech communication or whether he feels he has problem with hearing.
The pure tone audiometry cannot by any means fully answer these questions. The
significant diversity of hearing levels can be seen at distinct pure tones and the
variety of shapes among audiogram in HC1. Slightly elevated hearing thresholds
are common at high tones, but they are also not quite rare at low frequencies. Can
we then consider hearing to be normal when the audiogram’s shape suggests early
signs of NIHL or some other cause of hearing impairment? Is working in noisy
conditions safe for a person whose hearing threshold levels are close to 20 dB HL?
Hearing classes 2–4 display a disproportionately large diversity of hearing
thresholds particularly at high tones. In some cases, at the milder end of the
spectrum, a hearing measurement can fall into HC 2, 3 or 4 even if only one
threshold value exceeds 20 dB HL. At the other extreme of the spectrum hearing
thresholds can be above the maximum output level of an audiometer at the same
HC’s.
In HC3 the majority of measurement results are so poor that the signs of NIHL
can be assumed to have already been detectable earlier. Hence, according to the
current guideline, the timing for occupational injury reports, etiological
examinations, and above all, measures intended to protect the soldier’s remaining
hearing take place too late.
However, of the four hearing classes, HC1 is the most useful: a soldier whose
hearing test result in both ears falls into HC 1 at the start of his military career will
likely avoid a serious hearing impairment later.
The Finnish hearing classification is definitely too nonspecific a tool for the
assessment of soldiers’ fitness for service and the evaluation of an individual risk
for NIHL.
4.2

Practical implications

Regardless of the improved conditions and hearing protection Finnish professional
soldiers are still at risk of NIHL. The FDF and the FBG must develop and maintain
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their hearing conservation program at all times in order to ensure soldiers’ safety
and performance in military operations.
4.2.1 Risk assessment of NIHL before military service
Persons susceptible to NIHL should be identified at the recruitment stage before
their conscript service. A preliminary hearing evaluation has to be based on both a
systematically acquired health history and a reliable pure tone audiometry.
The following can be considered warning signs of an increased risk of NIHL:
a pure tone threshold exceeding 20 dB HL at even one frequency or the subjective
feeling of hearing problems such as sensitivity to noise, tinnitus or difficulty in
speech recognition, or a known hereditary HI of parents or siblings.
In cases where there is any indication of an existing hearing impairment or an
increased risk of NIHL a person should be always examined by experts of ENT
diseases and military medicine. The aims are to have hearing impaired persons
brought for treatments when needed and to have their fitness for military service
assessed carefully. In terms of performance and safety in military operations the
primary target is not to prevent persons with suspected hearing problem from
entering military service but to create an individually designed educational road
map which takes into account the person’s health constraints. In its current form
(Pääesikunta 2012) the hearing class-based guide for assessing fitness for military
service is as a rather crude tool in the hands of general practitioners who are
responsible for the primary examinations of candidates for conscript service.
According to the current guide, a person with the HC1 in both ears, or at most class
2 in one ear, has generally been accepted almost for any kind of military service.
Taking into account the large variety of hearing threshold levels among the
audiograms in HC1 and HC2 the primary screening of hearing impairments is not
sensitive enough.
4.2.2 Hearing screening at military occupational health service
At every health check-up it is important to bring up issues related to hearing
conservation. It is important to ask soldiers about problems related to hearing and
they must be addressed in time.
The findings of this study raises the question of the necessity for regular
hearing tests for people whose hearing in both ears has remained in HC1 in hearing
tests conducted after the conscript period, and the soldier does not feel he has any
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problem in his hearing. However it is important that everyone who has previously
been found to have the aforementioned features indicative of increased risk of
NIHL to have their hearing tested regularly.
Soldiers have to be well aware of noise risks right from the beginning of a
military service. Even more important than hearing testing is to repeatedly inform
soldiers about the harmful effects of noise on hearing and health at the training
sessions and annual health check-ups.
4.2.3 Audiometry and hearing classification in FDF and FBG
In the absence of an alternative method, the hearing threshold measurement is the
basic method of hearing testing in occupational health care for now. High quality
pure tone audiometry requires standardized measuring conditions and sufficient
competence by the person who is performing the measurement. Satisfying these
requirements is fairly expensive and difficult in peripheral occupational health units.
Even if audiometry could be performed properly, the results do not predict an
imminent risk of NIHL or an existing disability due to NIHL very well. Therefore,
at the primary stage of military health service alternative methods for routine
hearing screening should be introduced, at least for soldiers without any hearing
problems. For example, an alternative method could be an automatic self-testing
audiometric test and/or an automatic speech-in noise test as soon as such a test has
been validated for the Finnish language. Then pure tone audiometry could be
centralized to the higher level of the military health system in order to ensure a high
quality of the measurements and interpretation of the results as a part of adequate
etiological examinations.
It is time to stop using the four stage hearing classification. Whenever a reliably
conducted audiometry result exceeds 20 dB at one or more frequencies, the
physician responsible for the call-up examination or occupational health check-up
must consider individually what the result means for the subject, how it affects
career plans and hearing protection practices, for instance. Furthermore,
consideration must be given to whether further tests are needed to determine the
reason for a hearing loss, or to assess the need for treatment. At the same time,
taking everything into account, an assessment must be made whether it is possibly
an occupational disease.

111

4.2.4 Noise and speech perception
Trouble-free speech communication is important for all people. In soldiers work its
significance in modern military activities is even more pronounced. Ensuring
sufficient hearing protection and speech communication simultaneously in a very
noisy environment is challenging. (Bevis et al. 2014, Lahtinen et al. 2010).
Therefore measures which can detect difficulties in speech perception as early as
possible should be performed in health check-ups.
Besides hearing sensitivity, speech recognition requires the ability to identify
small spectral and temporal changes above the hearing threshold. As previous
studies show there is no strong correlation between the information from
audiograms and speech perception. Therefore additional or alternative methods for
the assessment of soldiers’ hearing are necessary.
4.2.5 Systematic evaluation of working conditions
This study showed that all soldiers are exposed to impulse noise but in some service
branches the noise may be more hazardous than in others. Within the framework of
this study it was not possible to study the risk of NIHL in the smallest military
specialty groups. Even though high quality research has been conducted on the
effect of impulse noise on hearing in the FDF, there is still a lack of information
regarding the noise levels and types of different weapons. For an adequate risk
assessment, it is necessary to form a systematically collected noise exposure
database of all the working conditions of the FDF and the FBG, including not only
the noise levels of some types of weapon or machines but an overall evaluation of
the effective noise exposure taking into account number of shots, distances from
sound sources, soldiers’ opportunity to use hearing protectors etc.
4.3

Reliability and validity

4.3.1 Strengths of the study
A generous amount of data was collected for the present study from a long period.
All the services and service branches of the FDF and the FBG are comprehensively
represented. The material contains a lot of detailed information about soldiers’
health and occupational history.
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The material offers a good opportunity to assess the occurrence of NIHL and
related factors among Finnish professional soldiers and the efficacy of hearing
conservation measures carried out in the FDF and the FBG.
4.3.2 Weaknesses of the study
The present study has the weaknesses that are typical of register-based
investigations: the data were not originally recorded for scientific research. The
possibilities for verifying the accuracy and validity of the data are limited. There is
a great difference in the quality, quantity and timing of the data between the classes.
Unfortunately, the material does not consist of any information on tinnitus,
problems in speech perception or any other disabilities connected to NIHL.
Information on environmental conditions, such as measured data on soldiers’ noise
exposure or other risk factors e.g. vibration or volatile solvents, was not
comprehensively available.
4.3.3 Are there any biases?
Selection bias or random errors?
In accordance with the initial selection criteria all the persons who were admitted
to the training for warrant officers or the Cadet School would have been included.
However, in some cases a military career was not realized or sufficient data were
not available for the author. In spite of these exclusions, the soldiers of the present
study can be considered to form an unselected group that represents equally all the
soldiers from every service of the FDF and the FBG between 1965 and 2007.
The likelihood of random errors is reduced by the recording of the same data
in recurrent routine check-ups. Thus the data related to illnesses, accidents and
habits can be considered more reliable than data that is based on single, memorydependent questionnaires. The individual and environmental factors that may affect
the hearing of soldiers can be considered reasonably reliable in this study.
Information bias
Although this study was carried out retrospectively, the data were originally
collected prospectively. The original purpose of recording the data was to document
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information about soldiers for occupational health care and human resource
management purposes, not for scientific research. The data were collected from
everyone consistently regardless of whether a soldier had developed NIHL or not.
The research design and topic have not affected the recording of the data.
The work history of all of the soldiers in the study is well known because
information from the period of service was carefully entered into the staff records
of the FDF and the BGF for the duration of the entire study period. On other hand,
there is not very much information recorded regarding hearing data and health
records from the first two decades of the study period. Furthermore there have been
some changes to methods of clinical examination over the years. For instance, it is
possible to compare hearing data measured in the mid-1980s with results that were
measured later only to a limited extent. This involves a risk of information bias.
However, the qualitative and quantitative inconsistency of the research data was
taken into account when deciding on research methods.
Generalizability of the results
The results of this study regarding NIHL and its risk factors can be generalized to
Finnish professional male soldiers who served during the period of the study, from
1965 to 2007. As such they are not generalizable to soldiers of other countries.
The findings and conclusions drawn of the hearing conservation measures of
the FDF and the FBG can also be utilized generally in the development of hearing
conservation in civilian occupational health care.
4.4

Prospects of research on noise and hearing

There is still much to learn about the pathogenesis of NIHL and the physiology of
the human hearing system. The noise-induced biochemical processes that lead to
tissue damage in the inner ear, as well as the related genetics, are the subjects of
active research internationally. The increasing understanding of NIHL may lead to
the opportunity to develop pharmacological preventive or even curative therapies
for NIHL in the future.
Despite improved hearing protection practices and interest in understanding
NIHL, the reduction of noise exposure and factors that enhance its harmful effects
are still most important. The understanding of individual and environmental factors
and especially their most harmful combinations are still not known well enough.
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Research on multifaceted NIHL-related parameters and their combined effects is
challenging.
The current study was based mainly on the paper documents of archives. In the
future the amount of digital health recordings will increase rapidly. Therefore in the
future, datasets like the ones used in this study will be increasingly more easily
available in electronic format without substantial research effort.
In addition to the amount of data, the power of computation in computer
networks has also increased substantially in the last few years, with no decrease in
the growth to be seen. It has been estimated that the “big data” of the increasing
amount of human health information, both individual and environmental, combined
with great computational power will lead to some kind of positive digital revolution
in healthcare. Artificial intelligence and its many manifestations such as artificial
neural networks are obvious tools in this field. For example, in the fields of in
scientific hearing research and clinical audiology, it would be possible, by means
of automatized analysis algorithms, to analyze the continuously cumulating data of
hearing measurements and other information on individual and environmental
factors affecting hearing. The benefit from this kind of technology could be for
clinical decision-making or research on complex multifactorial phenomena such as
NIHL.
This study showed a clear need for the further development of audiometric
methods for the early identification of individuals who are susceptible to NIHL. In
addition to pure tone audiometry there is a need for measuring methods to assess
the adverse effects of NIHL such as tinnitus and difficulty in speech perception.
The present study reviews the topic of military noise and hearing in a historical
perspective. Over the decades, many things have changed in soldiers’ work and life
and the change is still going on. Therefore, new evaluations of soldiers’ hearing are
needed.
The fusion of the results of research disciplines, such as audiology, acoustics,
neuro-otology, genetics, psychology, biochemistry opens the way to new advances
in hearing conservation.
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