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ABSTRACT 
During compulsory military service, the hearing capacity of the conscripts is at risk, 
because of exposure to excessive continuous and impulse noise. In young adult life, a 
multitude of other risk factors also might result in auditory symptoms and hearing 
impairment. A Military Hearing Conservation Program is of the utmost importance to 
prevent auditory complications caused by the military noise exposure.  
Aims: To assess the prevalence values of hearing impairment in young men at 
conscription in the period 1971-1995. To analyse relations between causative factors 
and hearing symptoms/hearing impairment before military service. To estimate the 
incidence and relative risk of hearing decline during military service (the efficacy of the 
Hearing Conservation Program).   
Methods: In Paper I we obtained cross-sectional data on prevalence values of hearing 
impairment at conscription, at age 18, from six complete age cohorts born in 1953-
1977, in all 337 986 men. Of these, 89.3% were tested with screening audiometry. In 
Paper III, a group of 747 conscripts from three regiments performed mandatory 
screening audiometry at reporting to training in 1999 and at discharge in 2000. In Paper 
II and IV, a group of 839 men from three other military units performed mandatory 
screening audiometry, and filled in a questionnaire at reporting to training in 2002-
2004. The same procedure was repeated at discharge. In Paper II, III, and IV the cross 
sectional data were evaluated as prevalence values and the longitudinal data as 
incidence values. The comparison groups with no military noise exposure made the 
first audiometric test at the Centre of Conscription and the second at the army unit at 
reporting for training.   
Results: The prevalence values of hearing impairment decreased in the period 1971-
1981 from 15.7% to 8.3% and increased in 1986-1995 from 9.8% to 16.3%. This 
pattern was caused by changes of mild high frequency elevations. The threshold 
elevations of 45 dB HL or more decreased over the entire study period. Most often 
only one ear was affected. High frequency hearing impairment was more common in 
the left ear. Before military service 6.8% of the conscripts reported one or more 
auditory symptoms often or always. The most common noise exposure was rock 
concerts or discotheques. TTS after noise exposure was related to elevated prevalence 
values of hearing impairment and auditory symptoms. Playing loud music was related 
to an elevated risk for tinnitus but not for hearing impairment. Prevalence values of 
hearing impairment, tinnitus and sensitivity to noise were elevated at discharge 
compared to at reporting to service. At discharge from military service we observed a 
relative risk of hearing decline of 2.7 in 2000 and of 1.8 in 2003-05. In 2000 we 
observed an elevated risk of hearing decline during military service for those of the 
conscripts who had a mild hearing impairment already at reporting to training. This 
effect was not observed in the more strictly screened group in 2003-2005.   
Conclusions: High prevalence values of hearing impairment and auditory symptoms 
were observed before military service. These impairments were related to different 
causative factors. Elevated relative risk of hearing decline during military service was 
observed.  
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1 INTRODUCTION 
1.1 BACKGROUND 

 
“I have heard the snow falling”  
 
These are the first words in an essay “On the history of silence” written by Peter 
Englund, permanent secretary in the Swedish Academy. Against the hardly perceivable 
sound from falling snow, he tries to paint the acoustic horizon of the ancient landscape.  
 
Hazardous effects of noise on hearing have been known since long time. In the early 
18:th century Bernadino Ramazzini, one of the first researchers in occupational 
medicine, described hearing impairment (HI) in coppersmiths in Italy. “It is obvious 
that this constant din hurts both their ears and head. In fact these workers become half 
deaf and, if they continue this profession until they are old, stone-deaf. Because of that 
constant percussion, the tympanum of the ear loses its natural tension and the 
repercussion of the internal air towards the outside weakens and subverts the entire 
hearing apparatus” (Rammazini, 1713). Some years later Linné noted from the Swedish 
mining districts that smiths were hard of hearing because of their noisy work (Linné, 
1741). In a thesis from 1765, Skragge observed that “blacksmiths become hard of 
hearing as a result of the hammering”.  
 
Gunpowder reached Europe in the middle 13:th century, and was first used by the 
Muslims in Spain and then by the Englishmen at the battle of Crécy in 1346 (Diamond, 
1997). The first report on the use of guns and black powder in Sweden is from a battle 
at the Palace of Stockholm in 1395. As a curiosity, the so far oldest known gun of the 
world, “Loshultbössan” is found in Loshult not so many kilometres from where i grew 
up. The gun is dated to the middle of the 14:th century. The use of firearms of course 
increased the firepower of the armies, but also the impulse noise exposure and risk of 
hearing impairment of the soldiers.     
 
Modern compulsory military service was born during the French revolution. The basic 
idea was that it was not only a duty, but also a right for men to join the armed forces. 
The national defence was looked upon as a task for the free citizens and not for 
professional soldiers. Conscripts and professional officers manned Napoleons initially 
successful armies. 
 
In Sweden, the first compulsory military service took place in 1811. In the beginning 
the training period was only 12 days but during the last decades of the19: th century the 
training period was extended, first to 42 and then to 90 days. During most of the 20:th 
century, the training period was 8-15 months.  
 
The proportion of all men performing their military service was low during the first 
decades of the 19:th century but after that the participation rate increased. During the 
period 1900-1995, almost all able men were called up for military service in the 
Swedish Armed Forces (SAF). After that the proportion decreased to 10-20% today. 
Recently a voluntary military training was introduced also for women. Most of the 
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period 45 000 – 50 000 conscripts were trained every year. Altogether between 7.5 and 
8 millions of Swedish men was enrolled during the period (Ericsson L, 1999). The 
conscript system in Sweden is phased out in July 2010 after almost 200 years and 
replaced by professional soldiers. 
 
In Sweden before World War II not much attention was paid to HI as an occupational 
disease. At this time the legislation in Denmark and Germany already defined hard of 
hearing after noise exposure as an occupational disease (Nordin, 1943). The benefit of 
using hearing protection devices (HPD) reached general acceptance in the fifties and 
standards that described the noise attenuation came into force (ANSI, 1957).  
 
In the period after World War II there has been much more focus on noise and different 
health issues. In the Swedish population today, 23% or 1.6 million individuals report 
self-assessed HI and 12% or 810 000 reported tinnitus often or always (Socialstyrelsen, 
Karolinska Institutet, 2009). In the European Union and in Sweden the fourth most 
common occupational disease is noise-induced hearing loss (Karjalainen & 
Niederlaender, 2004). 80% of the hearing loss is reported by men 
(Arbetsmiljöverket/ISA, 2009). 
 
In Sweden, the proportion of noise exposed in occupational settings was in 2007 16% 
among women and 28 % among men (more than 25% of the hours of work in noise that 
make normal communication impossible). These proportions have been almost the 
same since twenty years (Arbetsmiljöverket, SCB 2008). 
 
Many, but unknown proportions of the Swedish conscripts have suffered from hearing-
impairment or tinnitus caused mainly by hazardous impulse-noise. Hard of hearing 
have been known as a consequence of military service for a long time. HPD:s was 
unknown facilities during most of the period from1811 to today.  
 
After 1945 the modern era of research of noise on hearing began. In the 1940s, the only 
available hearing protection was cotton, fingers and some early earmuffs. In the 1960s 
glass wool, triple-flange earplugs and earmuffs were improved and the attenuation was 
declared according to standards. Foam earplugs were introduced in the 1970s. Because 
of the electronic revolution noise-level-dependent muffs and plugs and active noise 
reduction (ANR) was introduced in the 1980s and 1990s (Humes et al, 2006).  
 
1.2 NOISE EXPOSURE 

Noise is most often defined as unwanted sound. Noise exposure may affect the exposed 
persons in many different ways. This depends mainly on the noise level, the duration of 
the exposure, the frequency of the noise, if the noise is of impulse or continuous type, 
and the individual susceptibility. At lower exposure levels of noise, the most common 
effect is interference with speech, annoyance and the inability to concentrate, and at 
higher levels, the most obvious health effect is on the auditory system (Luxon, 1998).  
 
The “equal energy principle” was established in the 1950s for continuous noise after 
studies in the air-force and industrial settings (Eldred et al, 1955, Kylin, 1960). It 
proposes that “equal amounts of acoustic energy, between a level that is total safe and 
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one that is severely damaging, produce equal amounts of hearing loss”. In energy, a 
doubling of the exposure time corresponds to a 3 dB increase in the A-weighted 
equivalent level. Risk criteria for noise exposure are presented in the standard ISO 1999 
(1990). The criteria are based on the A-frequency weighting, the level of the noise and 
the duration of the exposure. The critical level is 85 dB(A) equivalent noise level 
during a 8-hours work-shift. The equal energy principle proposes that 30 seconds of 
exposure to 115 dB(A) is equally hazardous to 85 dB(A) in 8 hours. 
  
On the European level this has been applied in the Directive 2003/10/EC on “safety 
requirements regarding the exposure of workers to the risks arising from physical 
agents (noise)” (European Parliament, 2003). The directive has to be converted to 
national law and the Swedish Work Environment Authority  (2005) have in a regulation 
decided the action level for continuous noise to be 80 dB(A), 8 hours and the threshold 
level to be 85 dB(A), 8 hours in Sweden. The maximum permitted level is 115 dB(A) 
and the maximum permitted peak level 135 dB(C).  
 
In military service, hearing is at risk because of exposure to intense noise. The most 
harmful exposure is caused by impulse noise from firearms (Ylikoski & Ylikoski, 
1994). Continuous noise from engines and communication systems in noisy 
environment can also produce high and hazardous noise levels (Dancer et al., 1998). 
This is specially the case in armoured vehicles.  
 
The sound pressure levels of all firearms and noisy vehicles in current use in the SAF 
are measured in a standardised way (The Army Safety Inspectorate, unpublished data,). 
Safety regulations are based on these measurements and state a mandatory use of 
hearing protectors, earplugs, earmuffs or helmets, when firing a weapon with either 
blank or live ammunition. Based on the measurements, all weapons have risk areas 
where it is mandatory to wear HPD:s, in some cases double.  
 
1.2.1 Impulse noise 

“Exposure to impulse noise can result in acoustic trauma from a limited number of 
exposures, including a single exposure. It can also result in conventional noise-induced 
hearing loss from extended periods of exposure to impulse noise over many weeks, 
months, or years” (Humes et al, 2006). 
 
Most military weapon systems exceed the European Union and Swedish Work 
Environment Authority threshold level for impulse noise. Examples of noise levels 
from weapons used in the SAF can be seen in table 1.2.1 (The Army Safety 
Inspectorate, unpublished data). In USA, the CHABA criterion recommend a limit for 
exposure to impulse noise, based on peak sound pressure level, number of peaks, and 
the duration of the impulse (CHABA, 1968). The recommendations of CHABA were 
revised in the early 1990s (CHABA, 1992).  The MIL-STD-1474 C (1996) was based 
upon this criterion and aimed to be a design standard for the noise of Army materiel. 
The theory of the “critical level” states that the equal energy hypothesis only is 
applicable at lower intensities. Above a “critical level” the amount of damage increases 
(Roberto et al, 1985, Grenner, 1990). It has also been proposed that industrial impact 
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noise produces more hearing loss than steady state noise of the same energy content 
(Starck et al, 2003). 
 
The impulse from military weapons are characterised by an almost instantaneous rise of 
the pressure (rise time < 10 μs). At the ear the peak pressure level is about 155-160 dB 
for a rifle and 175-190 dB for howitzers and anti-tank weapons (Dancer et al, 1998). 
From USA, Humes et al (2006) reports impulse noise levels of 155-160 dB peak for 
small calibre weapons and 178-190 dB peak for large calibre weapons. The European 
action level is most often exceeded by 20 dB or more. In the military training, the 
single impulse exposures are often repeated hundreds or even thousands of times 
during the training period. By accident, for example if the ear is not protected each 
exposure can cause damage on the auditory system and the repeated exposures increase 
the risk still more. 
 
Table 1.2.1 Peak level at the ear of the shooter. 
Weapon Peak level at the ear, dB SPL (re 20 μPa) 
Rifle 5,65 mm 156   
Machine gun 156 
Recoilless gun 184 
Howitzer, load 5 – 9 175 – 184 
 
For small calibre weapons, the most significant frequency range of the impulse energy 
is approximately 1000 Hz. For large calibre weapons as recoilless guns, mortars 
howitzers and explosions most of the energy is developed in a lower frequency range 
with peak energy values often between 15-100 Hz. However, from these weapons there 
are also hazardous noise energy in the middle and high frequency regions (Pääkkönen, 
1988). 
 
All Swedish conscripts get a basic training, mostly with small calibre weapons. Many 
conscripts are trained in the use of a machine gun and a recoilless antitank gun. All the 
soldiers are exposed to hand grenades. During the basic training period the soldiers are 
exposed to 100 – 300 shots of live ammunition from their own rifle, some hand grenade 
explosions and some shots from the recoilless gun. After the basic training, the noise 
exposure depends on type of continued training. In a Finnish study the weekly military 
noise dose was calculated to be 101.2 dB (L Aeq) as a mean and 89% of the conscripts 
were exposed weekly to military noise over 85 dB (L Aeq) (Jokitulppo et al, 2008).  
 
1.2.2 Continuous noise 

Continuous noise from engines, vehicles and communication systems can produce high 
and hazardous noise levels. From USA Humes et al report sound levels inside an 
armoured personnel carrier of 85-118 dB(A) in different rates of speed (idle-63km/hr). 
In an Abrams tank corresponding figures were 93-117 dB(A). The frequency spectrum 
energy has an emphasis at high noise levels in the frequency region below 500 Hz, in 
armoured vehicles. Communication systems equipped in helmets with integrated 
HPD:s are mandatory for crewmembers of armoured vehicles. The attenuation of the 
HPD is very low in the frequency region below 500 Hz and the level under the muff 
could be over 100 dB(A). This low-frequency noise masks the speech signal and the 
level of the communication system must be increased. The resulting noise-level under 
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the headset at communication could be 105-110 dB(A) (Dancer et al., 1998). This 
problem must be addressed and in many applications active noise reduction (ANR) is 
used. Double protection (muff and plug) is another solution of the problem. 
 
In the SAF measurements have been performed in most vehicles among them in the 
armoured vehicles Strf 90 and Strv 122 (Leopard II) (unpublished data, The Army 
Safety Inspectorate, 2008) according to the standard ISO 5128 (1980). The noise level 
in the armoured vehicles was 99-115 dB(A) depending on at which seat the 
measurement was done, the velocity and the bed, see table 1.2.2. The result of 
theoretical calculations of the noise level in the ear canal under the noise helmet with 
the ANR-function active and normal communication was below the action level of 80 
dB(A). Control noise level measurements in both ear canals according to ISO 11904-1 
(2002) exceeded the threshold level at some seats. The reason for this was a sound-
leakage at the sidepiece of the glasses that some of the subject of the measurement 
wore. This leakage could almost wipe out the attenuation of the ANR-function (below 
500 Hz).   
 
Table 1.2.2 Noise measurements in two types of armoured vehicles. Normal operation, speeds from 15-
65 km/hour, equivalent noise level dB(A). 
 

In the ear canal (MIRE*), under the noise-helmet with 
ANR in function and with normal communication 

 In the vehicle, 
measured at the 
ear of the 
crewmembers 

Calculated Measured with 
normal ANR-
function 

Measured with 
deteriorated 
ANR-function 

Strf 90 99-115 <85 <85 >85 and <104 
Strv 122 (Leopard II) 103-111 <85 <85 >85 and <97 
 
*MIRE – Microphone in real ear 
 
1.3 HEARING IMPAIRMENT 

In this thesis the concepts hearing loss and hearing impairment have been used 
alternately as equivalent terms. According to the World Health Organization ICF 
terminology hearing impairment relates to a significant deviation or loss within the 
auditory system, and is possibly the general term that should be preferred (WHO, 
2001). According to WHO hearing impairment is a broad term used to describe the loss 
of hearing in one or both ears. The level of impairment can be mild, moderate, severe 
or profound. Deafness refers to the complete loss of ability to hear from one or both 
ears. For hearing impairment caused by excessive noise the term Noise-Induced 
Hearing Loss (NIHL) has been used here according to international convention. 

The participants of the present investigation were all young, and most of them had 
normal hearing. A vast majority of those who had threshold elevations had only very 
mild hearing impairments, with no or only minor subjective problems. However, the 
presence of such a hearing impairment could indicate the start of a process that might 
end up with moderate to severe hearing impairments decades later.  

There are different types of hearing impairments, defined according to the location of 
the lesion within the auditory system. A conductive hearing impairment is caused by a 
lesion affecting in the mechanisms that normally conduct sound to the cochlea: the 
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external ear canal, the tympanic membrane, and the middle ear with the three ossicles 
constituting the ossicular chain.  

A sensorineural hearing impairment is caused by dysfunction in the cochlea (where 
sound vibrations are converted to neural signals), in the cochelar nerve, or in any part of 
the brain involved in the auditory system. Sensorineural hearing impairment is usually 
permanent and is caused by factors that are intrinsic, related to biological processes, 
others are extrinsic, related to environmental influence. It may be present from birth 
due to genetic or developmental abnormalities, or arise during the lifetime of an 
individual by trauma or diseases. Common causes are excessive noise and ageing. It 
often requires aural rehabilitation, e.g. hearing aid amplification. 

The vast majority of sensorineural hearing impairment cases is associated with 
abnormalities in the hair cells, supporting cells, or other tissues of the organ of Corti in 
the cochlea. This type of impairment is called cochlear hearing impairment. A lesion 
within the cochlear nerve or the distal part of the brainstem may result in a 
retrocochlear hearing impairment. Auditory neuropathy is an uncommon condition 
characterised by poor speech perception, and caused by a lesion of the inner hair cells, 
the synaptic regions in the organ of Corti, or of the first cochlear neuron in the cochlear 
nerve. Lesions within the central auditory system may result in central auditory 
processing disorders.  
 
It is possible that mild hearing loss is the first sign of a process that gradually develops 
into more pronounced hearing loss, eventually with age-related hearing loss as the 
long-term end result.  Bredberg (1968) described degenerative patterns in the cochleae 
from humans of different ages. In his study loss of outer hair cells begins early, and is 
noticeable before the third decade. The degenerative process accelerates considerably 
in older age groups, which is in concordance to the epidemiological observations of 
hearing function.  
 
1.3.1 Noise–induced hearing loss 

Noise-induced hearing loss (NIHL) belongs to the group of extrinsically caused hearing 
impairments. Noise might interact with other factors causing hearing loss, both intrinsic 
and extrinsic. Examples of such extrinsic factor are organic solvents and smoking. A 
NIHL, caused by intense, continuous noise, is a bilateral sensorineural, cochlear 
hearing loss. It is fairly symmetrical, but the left ear is often slightly more affected than 
the right one. The configuration of the pure tone audiogram is a sloping curve, with the 
maximal hearing loss in the high frequency region at 3, 4, and 6 kHz. Initially a NIHL 
appears as a dip-shaped mild elevation of the pure tone thresholds at one or a few of 
these frequencies. If the noise exposure continues, the hearing loss shows progress. 
Adjacent frequencies (2 and 8 kHz) are affected, and the thresholds are increased. The 
speech perception is often impaired, and tinnitus is commonly reported. Rösler (1994) 
reviewed studies from 11 work sites with severe long time exposure to noise (100 dB 
SPL or more). Most of the studies were performed when HPD:s were unknown or 
seldom used. He concludes that “at younger ages the total hearing loss is by far 
dominated by the action of noise” and at “40-45 years it is impossible to distinguish 
between the effect of noise and that of ageing”. Regular army personnel included in the 
review had hearing loss of 50 to 55 dB at 4 kHz already after five years of exposure.  
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NIHL caused by intense impulse noise is characterised by a steep dip-shaped elevation 
of the pure tone thresholds, often unilateral or asymmetrical. Tinnitus is often 
pronounced. Extremely high sound pressure levels from impact and impulse noise can 
permanently damage the hair cells after a limited number of exposures. Noise with high 
peak levels seems to imply a greater risk of threshold elevation compared to continuous 
noise with the same energy content (Grenner, 1990, Starck et al, 2003). 
 
Exposure to excessive noise is considered to be a major cause of hearing loss in adult 
and elderly persons. Nelson et al. (2005) have calculated the proportion of disabling 
hearing loss in adults that is attributable to occupational noise. Worldwide, 16% of the 
disabling hearing loss in adults (15 – 79 years) was attributed to occupational noise. In 
Western Europe the estimated NIHL fraction of adult-onset hearing loss was 9% (13% 
men and 5% women). In studies of late-onset hearing loss in adult populations, 10-16% 
of hearing loss cases could be attributed to exposure to intense noise (Sill et al, 1994; 
Backenroth et al, 2008). According to Stephens (1982) and Lim and Stephens (1991), 
12%-15% of elderly patients with hearing loss had noise/trauma as important 
contributory factors.  
 
Beginning early in life, the cochlea shows a clear tendency to degenerate with 
increasing age, most pronounced in the apical and basal regions. Two different 
degeneration patterns have been described in ears exposed to intense noise (Bredberg, 
1968; Johnsson & Hawkins, 1972). One involved the lower basal turn in a sharply 
demarcated area and is associated with the 4-kHz dip in the audiogram. The second 
pattern consists of a more widespread pathology of the basal part of the cochlea and 
was associated to a sloping audiogram. The most noise-susceptible sensory cells in the 
organ of Corti are, in decreasing order: outer hair cells of the 1st, 2nd and 3rd row and 
inner hair cells (Hunter & Willott, 1987). The most pronounced degenerations of the 
hair cells in the aging ear are seen in the peripheral 3rd row of the outer hair cells 
(Bredberg, 1968). There is a variety of noise-induced intracellular changes in the 
cochlea, like fusion of cilia and formation of giant cilia (Borg et al, 1995).  
 
In young adult life, a multitude of risk factors might result in auditory symptoms like 
hearing loss, tinnitus and hyperacusis. Examples of such risk factors are leisure time 
and occupational noise, middle ear disease, and genetic factors (Daniel, 2007; Smith et 
al, 2005). Young people have not been exposed to occupational noise, or have at most 
been exposed for a limited period. Exposure to leisure-time noise could be more 
pronounced during this period of life. In a Finnish study (Jokitulppo et al, 2005) half of 
the conscripts were exposed weekly to noise levels over 80 dB(A) and 27% were 
exposed weekly over 85 dB(A) before enrolment to military service. The most 
prominent exposure levels were found for noisy work, noisy tools, playing in a band, 
and going to night-clubs and pubs. In the same study the prevalence of hearing loss was 
19% and of tinnitus often or continuously 9.1%. In a national population-based study 
from USA (Niskar et al, 2001) a prevalence of 15.5% (males and females) of noise-
induced hearing threshold shifts in teenagers 12 to 19 years old was found. The 
prevalence among male subjects was even higher but this was not accounted for in each 
age group.  Davis et al reported in 1998 a threefold increase of tinnitus in those subjects 
with significant social noise exposure”. In another report from the UK Smith et al 
(2000) found that 18.8% among 18-25 years old had been exposed to significant noise 
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from social activities. They also reported that “66% of the subjects attending night-
clubs or rock concerts reported temporary effects on their hearing or tinnitus.” 
 
Despite considerable preventive efforts for many decades, occupational NIHL still 
remains a contributor to hearing loss of such an extent that aural rehabilitation is often 
needed.   
 
1.3.2 Noise–induced hearing loss and military service  

In military service, a variety of intense noise exposures implies pronounced hazards for 
the auditory health of the conscripts. NIHL and noise-induced tinnitus have been 
reported to occur frequently during military service (Klockhoff et al, 1986, Ylikoski, 
1989, Mrena, 2004). In a study from Finland performed more than 30 years ago, the use 
of HPD:s in battle exercises was only 15 %. An incidence of hearing deterioration of at 
least 10 dB at any frequency and ear among the conscripts after 8 months of service of 
15 % was reported (Riihikangas et al., 1980). Assault rifles with peak levels of 158 – 
162 dB but also bazookas with peak levels of 165 – 180 dB caused the most important 
exposure in the study.  
 
Some years later a Swedish group reported a high-frequency deterioration of 5 dB or 
more, as a mean at 3, 4 and 6 kHz in 5 % of the conscripts (Klockhoff et al, 1986). The 
mean interval between the hearing tests was 245 days. They also reported a greater risk 
of hearing deterioration at discharge, if a higher degree of hearing defect was recorded 
on reporting for training. There were no reports of exposure and use of hearing 
protectors in the study.  
 
In a report from the U.S., “Noise and Military Service”, the authors review the 
American literature of the topic since World War II (Humes et al, 2006). Cross-
sectional studies performed after 1970 showed patterns of hearing loss consistent with 
noise exposure in the military. In the Army, the average of high-frequency hearing 
thresholds (3, 4 and 6 kHz) for both ears exceeded the thresholds of an unscreened 
reference group (Glorig & Roberts, 1965, ISO-1999, 1990). The exceedance in 
thresholds was 10-30 dB in the 1970s and decreased to 3-8 dB in the 1980s and 1990s.   
 
Humes et al (2006) found no longitudinal studies that could provide reliable data on 
changes in hearing thresholds over the course of military service. No epidemiological 
studies of tinnitus among U.S. military personnel were identified. 
 
Most studies are cross-sectional and there are few longitudinal, population-based 
studies of noise-induced hearing loss and tinnitus in military environments.  
 
1.3.3 Noise-induced hearing loss reported as occupational injury after 

military service 

During the sixties and seventies, an increasing proportion of the conscripts claimed 
compensation from the insurance system for their hearing impairment. 
 
Today, in the national statistics of occupational injuries, hearing loss is the fourth most 
common reported injury in Sweden. It predominantly affects men. The number of 
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reports has been almost the same for the last ten years. The Armed Forces is the branch 
of business with the highest relative frequency of reported hearing loss, more than other 
noisy branches like the mining and steel industry (Arbetsmiljöverket/ISA, 2009). In 
contrast to Sweden there seems to be an increase in the total numbers of reported 
hearing losses to the insurance system in the 2000:s in Finland (Pääkkönen, personal 
communication). 
 
The Swedish Armed Forces report occupational accidents and injuries from officers, 
civilians and conscripts on an annual basis (Wettermark, 2007). In the last fifteen years 
the most frequent reported injury has been hearing loss, both among employees and 
among conscripts. The relative frequency of reported hearing loss among conscripts has 
decreased from 17/100 000 days of military training in 1998 to 6/100 000 days in 2008 
(Figure 1.3.3). The average time of military service in Sweden is approximately 240 
days. Expressed in another way, the incidence of hearing impairments reported to the 
insurance system during and after military service was in 1998 4.1% and in 2008 1.5%. 
A corresponding decrease in the numbers of reported hearing losses among conscripts 
after military service have been observed in Finland in the years since 2000 
(Pääkkönen, personal communication).  
 
Figure 1.3.3. Hearing impairments among Swedish conscripts, reported to the insurance system in 1998-
2008. Relative numbers: reported cases/100 000 days of military training (Skoog, 2009). 
 

 
The proportion of compensated hearing losses among the conscripts compared to the 
reported was only 20-30%. There is a decreasing tendency in compensated hearing 
losses from 2001 to 2008, from 2.2 to 1.7 per 100 000 days of military training (Skoog, 
2009). The readiness to report to the insurance system is dependent of economic 
factors, attitude and knowledge among officers in command and the conscripts. 
Verified hearing impairments are not reported and on the other hand accidents with no 
verified impairment are reported.  
 
1.4 THE MILITARY HEARING CONSERVATION PROGRAMS 

In the countries within the European Union employers with noisy activities have to 
perform a risk-analyses and if necessary take measures to form a hearing conservation 
program (HCP) (European Parliament, 2003; Swedish Work Environment Authority, 
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2005). These programs should include sound level measurements, noise control, 
education and information, hearing protection and repeated periodic audiometric testing 
and evaluation of all exposed individuals.   
 
The HCP is of utmost importance to prevent auditory complications during military 
service. The SAF have adopted a military HCP for all conscripts and officers since 
more than 30 years. Today the program includes all the mandatory measures stated in 
the legislation including repeated periodic audiometric testing and evaluation of all 
exposed officers. For conscripts, audiometric testing is performed before and after 
military service. If needed, audiometric testing is also performed in between ordinary 
tests. The program is continuously revised. In the Finnish Defence Forces guidelines 
for hearing protection were first instated in1968 and then revised in1979, 1985 and 
1989 (Mrena et al, 2009). 
  
The compliance of an HCP is dependent on knowledge and attitude among the 
conscripts (Okpala, 2007). All conscripts are educated in the risks and consequences of 
noise induced hearing loss NIHL, levels of noise exposure from weapons and vehicles 
and how to protect themselves in accordance with the Safety Regulations. This means 
that in all situations with intense sound level officers and conscripts must wear 
adequate hearing protectors. All officers, and in particular safety officers, are instructed 
to assure that the regulations are enforced.  
 
Preventive measures to protect the conscripts from noise have been taken since the 
sixties and been continuously developed since then. The first earplugs and earmuffs 
were available for the Swedish conscripts in the 1960:ies. More efficient earmuffs and 
foam earplugs were utilized in the 1970s and 1980s. A very important step was when 
all conscripts in the late 1990s were provided with HPD:s with noise-level-dependent 
electronic function. At this time, the active noise reduction (ANR) was also introduced 
in the noise-helmets in armoured vehicles. After the middle of the 1990s it is 
mandatory to use HPD:s when firing blank ammunition. 
 
In the SAF this program is applied as safety regulations in the SäkI-books, continuously 
updated every other year. In all situations with intense sound level adequate hearing 
protectors are mandatory. In extremely noisy situations like when firing recoilless guns 
and howitzers soldiers have to wear both foam earplugs and earmuffs.  
 
If properly applied, the attenuation of muffs or plugs are very good (20-30 dB) at 
frequencies above 1000 Hz. Though, for the frequencies below 1000 Hz the attenuation 
decreases and below 100 Hz it is less than 10 dB (Pääkkönen & Tikkanen, 1991; 
Pääkkönen , 1992). Double protection, with both plugs and muffs improves the 
attenuation up to 10 dB above 100 Hertz (Dancer et al, 1998). The most important 
benefit with double protection is perhaps that the risk of acoustic accidents is reduced. 
 
In a HCP the most essential factor to achieve good protection from the plugs or muffs 
apart from the attenuation is that they are correct applied continuously in hazardous 
noise situations. The attenuation of the HCP is in opposition to the demand to 
communicate and this may lead to unintended noise exposure and acoustical accidents. 
In a qualitative British study among infantry soldiers Nnaemaka (2007) reported 
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communication difficulty to be the most acknowledged problem. The muffs used in this 
study had no level dependent function. A majority of the British soldiers kept one ear 
open so that they could communicate effectively. 
 
Since 2002 all conscripts in the SAF are equipped with modern earmuffs with level 
dependent function. This makes it possible to communicate in a normal way with the 
muffs applied. The level dependent function is limited to 82 dB(A) inside the earmuff 
and the attenuation of the muff is 27 dB (SNR). If hearing protectors by accident are 
not used or if they are not worn correctly, there is always a considerable risk for acute 
acoustic trauma when exposed to impulse noise from weapons. Frequent inspections 
aim to make sure that the safety regulations and the adequate use of hearing protectors 
are enforced.  
 
A crucial part of the HCP is the repeated periodic audiometric testing before and after 
the military training. This includes an individual evaluation and an evaluation of 
different noise exposed groups based on reports to the insurance system. These results 
are evaluated at the end of the program and measures to change the HCP are taken if 
necessary (Skoog, 2009).   
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2 AIMS OF THE STUDY 
The aims of the study were to describe measured auditory function and self-assessed 
auditory symptoms before and after military service.  
  
At conscription:  

• To study the prevalence values of mild/moderate hearing loss in young 
men 

• To analyse time trends in the prevalence values of hearing loss during 
the period 1971-1995 among young men 

Before military service: 
• To estimate prevalence values of self-assessed auditory symptoms, 

measured hearing impairment, noise exposure and other causative factors 
for auditory impairments  

• To analyse relations between causative factors, and auditory symptoms 
and measured hearing impairment 

• To estimate incidence values of hearing decline between conscription 
and military service 

During and at the end of military service: 
• To investigate knowledge, attitude to, and the efficacy of the current 

HCP in the Swedish Armed Forces 
• To study whether those who had a slight hearing loss on reporting for 

training were at higher risk compared to those with normal hearing. 
• To analyse prognostic considerations regarding tinnitus and other 

ototraumatic indicators on auditory deterioration during military service 
• To study the influence of military service on self-assessed hearing 

symptoms and measured auditory function 
• To estimate the incidence and relative risk of hearing decline during 

primary military service 
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3 MATERIAL AND METHODS 
 
3.1 PAPER I 
3.1.1 Study design 

The study was designed as a retrospective register study. Prevalence of hearing 
impairments in young adulthood was studied as cross-sectional data in six birth cohorts 
during 24 years from 1971 to 1995. The study is based on a record-linkage between the 
Military Service Conscription Register and Statistics Sweden Register of the total 
Population.  
 
3.1.2 Study group 

Men born in 1953, 1958, 1963, 1968, 1973 and 1977 who had participated in 
conscription examination at age 18 were identified. During the study period the 
conscription examination was compulsory by law for all able young men in Sweden. At 
the age of 18 years all young men were thus obliged to show up at one of six 
conscription centres located at different parts of the country.  
 
Data on hearing capacity was obtained by screening audiograms at conscription as part 
of normal routines and these data were collected for the young men at age 18 years. 
The total number of 18-year old men belonging to these age cohorts identified in the 
Register of the Total Population at age 17 was 337 986. The cohorts varied in size from 
58 895 conscripts in 1981 to 51 812 in 1995. In all, 301 873 (89.3%) of the men were 
tested with audiometry at conscription examinations, resulting in an overall drop-out 
frequency of 10.7%. The participation rate concerning audiometry decreased over the 
years, from 92.9% in 1971 to 82.0% in 1995.  
 
Not all 18-year old men needed to appear at the conscription centres. Exemption from 
military service was accepted without personal appearance at the centres, provided that 
a medical certificate issued by a physician could be presented. Moderate to severe 
hearing loss, and/or ear diseases, were accepted as reasons for exemption. In 1991 
1.25% of the 18-year old men were exempted from military service because of hearing 
loss or otological symptoms prior to conscription examination without personal 
appearance (Axelsson et al, 1994). Accordingly, the present investigation concerns 
mild to moderate hearing impairment, not severe. 
 
3.1.3 Audiometry 

All conscripts were tested with screening pure-tone audiometry. This is a standardised 
and widely used method in primary and occupational health care. Hearing threshold 
levels are measured at discreet frequencies. The audiometer presents pure-tones at low 
sound levels through earphones. The method requires participation and concentration 
from the test persons, since they have to respond to the softest sound they can perceive 
by pressing a button. The background noise level is crucial for the results and ambient 
noise have to be reduced for example by using sound-insulated test rooms or booths. 
Compared to clinical audiometry the screening method is less accurate and register only 
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audiometric thresholds above the screening level (often 20 dB HL). The benefit is 
shorter testing time and a decrease in cost.  
   
In this study manual screening audiometers (Tegnér PTA 6 and PTA 8) were used up to 
1990-91. At that time they were replaced by automatic, computerised audiometers 
(Entomed SA 250). The screening level was 20 dB HL. TDH-39 earphones were used 
for all audiometers. The audiometers were calibrated according to internationally 
accepted methods (ISO, 1975 and 1989) once a year. For the early part of the study ISO 
R389 1964 zero reference levels were applied. All hearing tests were performed in 
sound-insulated test rooms (T-cabins type 3240, CA Tegnér AB). Pure tone air 
conduction levels of the frequencies 0.5, 1, 2, 3, 4 and 6 kHz were determined in 5 dB 
steps utilizing the shortened ascending method using two of three responses (ISO, 
1989), in both the manual and automatic methods. Masking of the opposite ear was not 
performed. The operators that performed the tests shifted every year and received the 
same training and supervision throughout the years, including the necessary changes 
when the automatic audiometers were introduced. 
 
The outcome measure used in this study was the prevalence of hearing thresholds of 25 
dB HL or more. Other presentations such as means and medians could not be used 
because of the screening procedure. This was applied as:  
• The prevalence of one or more thresholds above 20 dB HL at 0.5, 1, 2, 3, 4 or 6 

kHz in one or both ears.  
• The prevalence of one or more thresholds above 20 dB HL at 3, 4 or 6 kHz in one 

or both ears. 
• The prevalence of thresholds above 20 dB HL at each single frequency and at the 

left and right ears separately.  
  
The software SPSS 14.0 was used for data storage and the statistical procedures. All 
data are presented as prevalence values of hearing loss. 
 
3.2 PAPER II AND IV 
3.2.1 Study design and procedure 

Study II was performed at reporting to training and had a cross-sectional design with a 
retrospective approach in part of the questionnaire. Study IV was designed as a 
longitudinal prospective study, covering the period from conscription over reporting to 
military service to discharge from it. In figure 3.2.1 a time schedule illustrates the three  
checkpoints, at conscription, at reporting to training and at discharge from the service. 
The audiometric inclusion criterion to be drafted for military training at the time of the 
study II and IV was tightened up (see 5.5). All servicemen went through a medical 
examination during the first days of the training period, before the start of military 
training. This examination was a complement to the more extensive one performed at 
conscription, and aimed to find out changes in the health in the intervening period from 
conscription to reporting for training. Screening audiometry was performed as part of 
the mandatory routines at the examination when reporting for service. A questionnaire 
(#1) was distributed and filled out as a voluntary initial part of the medical examination. 
To save time the questionnaire had to be short.  
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Figure 3.2.1 
 
            Conscription                                        Reporting                       Discharge 
                      ⏐⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ ⏐⎯⎯⎯⎯⎯⎯⎯⎯  ⏐ 
                                   Intervening period                    Military service  
                                    Mean 13 months                      Mean 8 months 
 
           Audiometry                                         Audiometry                     Audiometry 
                                                                    Questionnaire #1            Questionnaire #2  
 
 
A modified questionnaire (#2) and the pure tone screening audiometry were repeated 
for study IV at the end of the military service. In case of a premature discharge from 
military service, questionnaire #2 was filled in and audiometry was performed.  
 
Retrospective information regarding pure-tone screening-audiometry of the study group 
at conscription before military service was included in study IV. The incidence of 
hearing decline in the study group in the period from conscription to reporting to 
service was used as a control of the incidence of hearing decline during the military 
training period. 
 
3.2.2 Study group 

The total number of young men included in the studies in Paper II and IV was 839. 
Thirteen enrolled women were excluded from the study because this group was too 
small for separate analyses. The participants were recruited among young Swedish men 
when they reported for primary military service at three military units in the Swedish 
Armed Forces. According to the audiometric inclusion criterion at conscription, only 
men with normal hearing or at most slight HI were included in the studies (chapter 5.5). 
The mean age of the participants was 19 years and 8 months (range 19-22 years). The 
collection of data started in June 2002 and ended in April 2005. The army units in the 
studies are situated in Southern and Southwest Sweden, and the conscripts were mainly 
recruited from the same area. Most of the participants (n: 702) were recruited from an 
Anti-Aircraft (Lv 6) unit. Another group of 100 participants was enrolled from an 
Artillery Regiment (A 9), gun crews at the regiment in 2002/2003. A third group of 40 
servicemen was enrolled from an armoured regiment (P 4) in 2004. Some recruits who 
aborted and left the training for different reasons during the first two weeks were 
excluded from the study. At the time of the studies the participation rate in primary 
military service in Sweden was 1/3 among all young men.  
 
The servicemen in this study were exposed to noise from weapons and vehicles. During 
a basic training period of six weeks all soldiers were exposed to 100 – 300 shots of live 
ammunition from the own rifle, some hand grenade explosions and some shots from a 
light anti-tank weapon. None of these servicemen from the Anti-aircraft unit was 
exposed to noise from anti aircraft guns. The artillery crews were exposed to intense 
low frequency impulse noise from large calibre weapons (howitzers). The servicemen 
from the Armoured Regiment were mainly exposed to high levels of low frequency 
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stationary noise inside the vehicle, but also to impulse noise exposure from small- and 
large calibre weapons. Measured sound levels are presented in Table 1.2.1 and Table 
1.2.2. 
 
3.2.3 Questionnaires 

Questionnaire #1 was distributed at reporting to training (Paper II) and questionnaire #2 
was distributed at the end of the training period (Paper IV). The questionnaires, in 
Swedish and translated into English, are given in Appendix and in Tables 4.2.1 and 
4.4.1. Questionnaire #1 contained 20 items and consisted of three sections. The first 
section contained questions on self-assessed hearing symptoms like tinnitus and 
sensitivity to noise (items #1-4). The second section consisted of eight items on 
occupational, educational, and leisure time exposures to loud noise (items #5-12). This 
section referred to the period from conscription to reporting for training, in average 13 
months. The third section consisted of five items covering different factors with 
possible influence on hearing, like heredity, ear disease, head trauma and medication 
(items #14-16 and 18). Item #13 was addressed in this section because, like item #14-
16, it had the response alternatives yes and no. We also asked for laterality (left- or 
right-handed) (#17) and the colour of the hair and eyes (#19, 20), since pigmentation 
has been shown to be of importance for susceptibility to noise (Barrenäs & Hellström, 
1996). Items #1-12 had three alternative answers according to frequency, “No/never”, 
“Yes, sometimes/a few times” and “Yes, often or always/many times”.  
 
Questionnaire #2 was distributed at the end of the training period (Paper IV) and the 
time period asked for was from reporting to training to discharge from military service. 
The questions of section one and two in questionnaire #1 were used in questionnaire #2 
at discharge, as well as two new sections of questions. These sections focused on the 
education performed as part of the Army HCP (Table 4.4.1, item #19-22), the 
experience of failure of protection, and problems to use the HPD:s during the training 
period (item #23-26). In item #19-22 the response alternatives were “Yes, but too 
detailed”, “Yes, adequate” and “No, insufficient”. The response alternatives in item 
#23-26 were “No, not at all”, “Yes, sometimes/ a few times” and “Yes, often or 
always/many times”. An increase of a symptom is thus measured in terms of occasional 
or frequent occurrence. Item #13 only had two response alternatives, “Yes” and “No”.  
 
The response rate for the questionnaires was 100% at reporting for training and 94.6% 
at the end of the service. The response rate for the single items was 96.8- 99.8%. 
 
3.2.4 Audiometry 

The audiometric tests were mandatory performed at the Conscription Centres and at the 
Army Health Units at reporting for training and at discharge. Computer-based 
audiometry was made using Entomed GSI 66 audiometers and Sennheiser HDA 200 
earphones. All tests were done in sound-treated booths. The audiometers fulfilled the 
IEC 60645-1, 2001 standard and were calibrated once a year according to ISO 389-1, 
1998. The results of the calibrations were all within defined limits. Air conduction 
thresholds were measured according to the shortened ascending method from ISO 
8253-1, 1989. The nurses who performed the tests had attended a course in audiology 
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and audiometry. Each ear was screened from the level of 10 dB HL and at the 
frequencies 0.5, 1, 2, 3, 4, 6 and 8 kHz.  
 
The results from screening audiometry are presented as prevalence values of hearing 
impairment (HI) with thresholds above 20 dB HL in one or both ears and at one or 
more frequencies in the interval 0.5-8 kHz. NIHL is predominantly found in the 
frequency range 3, 4 and 6 kHz (Luxon, 1998). HI above 20 dB HL affecting one or 
both ears at one or more of these frequencies is reported as high-frequency hearing 
impairment. HI involving the frequencies 0.5, 1, and 2 kHz have normally other causes 
than exposure to noise. They are reported as low- and mid frequency HI.  
 
A significant threshold shift (STS) for a single subject was defined as a decline in 
thresholds between two audiometric tests of 15 dB or more in at least one ear and one 
tested frequency. A STS was verified in a second test at least one day later to be 
recorded (Dobie, 1983, Christa et al, 1985, Bohnker et al, 2002). The incidence values 
of STS were defined as the proportion of subjects in the study group with a STS during 
the period from conscription to reporting for training or from reporting to training to 
discharge.  
 
3.2.5 Statistics 

The PC-software SPSS 14.0 and 17.0 were used for data storage and the statistical 
procedures.  
 
In study II results are presented as prevalence values. Correlations between possible 
ototraumatic factors and symptoms/auditory thresholds were tested with the Chi-square 
test. In step two we performed a multiple regression analysis to find the variables that 
explained most of the variation in the dependent variable. We used multinomial logistic 
regression analysis including all significant independent variables in the first step. The 
strategy adopted was forward stepwise regression and the significance level chosen for 
the entry was p=0.05 and for removal p=0.1. The results are presented as odds-ratios 
(OR, an estimate of the relative risk), the 95% confidence intervals (CI) and the p-
values for all independent variables with p-values <0.05. We also present statistics for 
the model fit, the percentage correct predicted values, and an estimate of the proportion 
of the variation in the dependent variables explained by the model (Nagelkerke pseudo 
R-square).  
 
In Paper IV results are presented as prevalence and incidence values. The Chi-square 
test was used for the statistical tests in the questionnaire. The t-test was used for the 
statistical tests of HI. Incidence values of hearing decline (STS) before and during 
military service are presented. The relative risk (RR) was calculated as the ratio 
between the incidence values during military service and the period before the service 
with no military noise exposure. A multiple regression analyses was performed ín the 
same way as in Paper II. 
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3.3 PAPER III 
3.3.1 Study design and procedure 

The study was performed as a register study with a prospective longitudinal design. All 
the audiometric test procedures were parts of the normal routines at the beginning and 
at the end of the service. The first audiometric test was made before the first weapon 
exercises and the last test always at least 24 hours after the last noisy exercise. The 
servicemen included in the study begun and finished their basic military training during 
the period June 1, 1999 – May 31, 2000.The length of the period between the tests was 
7.5 - 11 months. 
 
A comparison group was formed out of 138 young men who had passed the 
conscription. They made the first audiometric test at the Centre of Conscription and the 
second test at the army unit when reporting for training. At the end of the study the 
mean age in the comparison group was 20 years and 9 months (range 20-24 years). The 
average time between conscription and reporting was 11 months (range 6 – 18 months).  
 
3.3.2 Study group 

The military servicemen in the studied groups were recruited at reporting to military 
service from three different units within the Swedish Army. In all 747 conscripts, all 
men were included. The participants were 291 engineers (Ing 2), 252 infantrymen (I 
12) and 204 artillerymen (A 3). The mean age was 20 years and 8 months (range 20-24 
years) at the end of the study. The length of the training periods varied between 7.5 and 
11 months. The audiometric inclusion criterion at the time of the study was a mean 
across the frequencies 2 and 3 kHz of ≤ 20 dB HL and a mean across the frequencies 4 
and 6 kHz of  ≤ 32.5 dB HL or a mean across 2 and 3 kHz of ≤ 25 dB HL and a mean 
across 4 and 6 kHz of ≤ 20 dB HL worse ear. Some recruits who aborted and left the 
training for different reasons during the first two weeks were excluded from the study.  
 
Those in the material who at the beginning of the training period had a mild hearing 
loss defined as a hearing threshold of 25 dB HL or more at any frequency or ear formed 
a subgroup of 95 persons. In all 652 persons out of 747 had a normal hearing defined as 
all thresholds at 20 dB HL or less in both ears, at the beginning of the study. 
 
3.3.3 Audiometry 

Hearing thresholds were measured with pure tone audiometry according to a screening 
procedure from the level of 10 dB HL at the frequencies 0.25, 0.5, 1, 2, 3, 4, 6 and 8 
kHz both ears separately. The screening level was 10 dB. It was chosen because it was 
the most economic level that also made it possible to detect changes of thresholds that 
should be reported to the insurance system. All audiometric tests were performed at the 
Army Health Care Units or at the Centre of Conscription. The test audiometers were of 
type Entomed SA 250. This is a computerised automatic audiometer that uses the 
shortened ascending method according to the ISO standard (ISO 8253-1, 1989). TDH 
39 earphones with MX 41 AR cushions were used and all tests were performed in 
soundproof booths. The audiometers were calibrated once a year according to the 
standards ISO 389-1 (1998), and IEC 645-1 (1992). The results of the calibrations were 
all within defined limits of the standard. The Medical Centre of the Armed Forces 
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trained all the nurses who made the tests. The audiometric tests before and after the 
training period were made at the same Army Health Care Unit for every single 
participant.  
 
The limit of normal hearing was defined as a hearing threshold of 20 dB HL or better at 
all tested frequencies both ears. Individuals with hearing loss were defined as those 
who had at least one threshold of 25 dB HL or more at any frequency or ear. A STS 
was defined as deterioration between the first and second audiometric test of 15 dB HL 
or more at least at one tested frequency and ear and was verified in a second test at least 
one day later to be recorded.  
 
The evaluated audiometric data of hearing loss and STS, was conveyed into a database 
for storage and evaluation. In this database no information regarding discrete 
frequencies can be retrieved. The relative risk (RR) was calculated as the ratio between 
the proportions of hearing loss or STS in the exposed groups and the comparison group.  
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4 RESULTS 
 
4.1 PAPER I 
4.1.1 Prevalence values of hearing loss 

The prevalence values of pure tone threshold elevations of 25 dB HL or more at any of 
the measured frequencies, at any ear, in all age cohorts, are shown in Table 4.1.1 and 
Figure 4.1.1. In the entire study group, 13.1% had elevation of any threshold in one or 
in both ears. A majority of the threshold elevations (11.9% of the total material) were 
situated in the high frequency region (3, 4 and 6 kHz). The highest prevalence of 
threshold elevations affected the frequency 6 kHz (Figure 4.1.1). In most occasions, 
these high frequency elevations were mild. The prevalence of threshold elevations of 
25-30 dB HL (3, 4, and 6 kHz) was 6.4%, 2.6% at 35-40 dB HL and 2.8% above 40 dB 
HL. In most instances only one ear was affected. The total frequency of bilateral high 
frequency threshold elevations was 3.2%. High frequency hearing losses were more 
common in the left ear (7.5%) than in the right (6.2%) and hearing losses at 0.5 and 1 
kHz were more common in the right ear.  
 
The last age cohort, studied in 1995, provides the most recent information. In this age 
cohort, 16.3% had elevation of any threshold in one or in both ears. 14.3% had 
threshold elevations in the high frequency region (3, 4 and 6 kHz). Bilateral high 
frequency threshold elevations were present in 3.5%.  
 
Table 4.1.1 Numbers of participants in the study and participation rate in percent. Prevalence of hearing 
loss ≥25 dB HL, in percent. Column 3 from the left: at any frequency 0.5 – 6 kHz; Columns 4 to 7, from 
the left: at any of the frequencies 3, 4 or 6 kHz, in one or both ears. Right column: at any of the 
frequencies 3, 4 or 6 kHz in both ears.  
 

Prevalence of hearing loss, % 
Any of the frequencies 3, 4, and 6 kHz,  

One or both ears 
3, 4, 6 kHz 
Both ears 

Year of 
conscriptio

n 

Conscripts 
with 

audiogram 
(participati
on rate, %)

Any 
frequency 
≥25 dB HL, 
one or both 

ears 

Thresholds 
25 or 30 dB 

HL 

Thresholds 
35 or 40 dB 

HL,  

Thresholds 
>40 dB HL 

Thresholds 
≥25 dB HL 

Thresholds 
≥25 dB HL  

1971 52 859 
(92.9) 

15.7 8.5 2.9 3.8 15.3 3.8 

1976 50 676 
(93.0) 

14.4 5.2 3.4 3.9 12.4 3.9 

1981 54 325 
(92.2) 

8.3 3.2 2.1 2.5 7.7 2.0 

1986 51 757 
(88.6) 

9.8 4.1 2.2 2.6 8.8 2.4 

1991 49 752 
(86.5) 

13.9 7.6 2.5 2.3 12.5 3.5 

1995 42 504 
(82.0) 

16.3 10.0 2.5 1.9 14.3 3.5 

1971 – 1995 301 873 
(89.3) 

13.1 6.4 2.6 2.8 11.9 3.2 
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Fig. 4.1.1: A, B. Prevalence of hearing loss at discrete frequencies (0.5 to 6 kHz), in the total material 
1971 - 1995. Threshold elevations 25 – 30 dB HL, 35 – 40 dB HL, and ≥45 dB HL. A: left ear; B: right 
ear. 

 

 
 
4.1.2 Changes in hearing thresholds during the study period 

Prevalence figures regarding threshold elevations for the six different age cohorts are 
presented in Table 4.1.1 and Figure 4.1.2 A. The prevalence of hearing loss, mild to 
moderate at any frequency, decreased between 1971 and 1981 from 15.7% to 8.3 %. 
The prevalence figures increased during the last part of the study period, from 9.8% in 
1986 to 16.3% in 1995. This pattern was caused by changes of the prevalence of the 
high frequency elevations, from 15.3% in 1971, to a minimum of 7.7% in 1981, to 
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14.3% in 1995 (Table 4.1.1). The variation, first a decreased prevalence, then an 
increased one, was due to changes of mild hearing losses at 25 and 30 dB HL (Figure 
4.1.2 A). Regarding the moderate threshold elevations of 35 and 40 dB HL there was a 
weak tendency in the same direction, i.e. first a decrease in 1971 to 1981, and then a 
mild increase. However, for those with a hearing loss of 45 dB HL or more the 
prevalence decreased over the entire study period, from 3.8% in 1971 to 1.9% in 1995.  
 
Figure 4.1.2 A Prevalence of at least one threshold ≥25 dB HL in one or both ears at 3, 4 or 6 kHz, %. 

 
The prevalence values of hearing loss at single frequencies, during the years 1971 to 
1995, are presented in Figure 4.1.2 B and C. The patterns of variation over the study 
period was most pronounced at 6 kHz, but was also apparent at 3 and 4 kHz. For all 
three high frequencies, there was a minimum of threshold elevations in 1981. Increased 
prevalences were observed at the later occasions.  
 
At the frequencies 0.5, 1 and 2 kHz the hearing was stable in 1971, 1976, and 1981. 
From 1986 there was a tendency of increased prevalence of mild hearing loss at the low 
and mid frequencies. During the entire period the prevalence values increased from 0.7-
1.0 % in 1971 to 1.4 -1.6 % in 1995.  
 
 
 
 
 
 
 
 
 
 
 
 
 

0
2
4
6
8

10
12
14
16
18

1971 1976 1981 1986 1991 1995

Year

Pr
ev

al
en

ce
 %

>= 45 dB HL
35-40 dB HL
25-30 dB HL



 

  23 

Figure 4.1.2: B and C. Prevalence of thresholds ≥25 dB HL at discrete frequencies, %.  B: left ear, C: 
right ear. 

 

 
4.2 PAPER II 
4.2.1 Prevalence values of auditory symptoms, noise exposure and 

other causative factors 

The prevalence values of self-assessed auditory symptoms, noise exposure and some 
other causative factors are presented in table 4.2.1. Between one third and one sixth of 
the young men of the study experienced auditory symptoms sometimes, often or 
always. In all 51% of them reported one or more auditory symptoms. A majority had 
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only occasionally auditory symptoms. Continuous problems were reported by less than 
two percent to more than three percent. In all, 6.8 % reported one or more auditory 
symptoms often or always.  
 
The conscripts had been exposed to a multitude of excessive noise levels, the most 
common being leisure time music events, occupational noise, and playing music. 
Tinnitus after noise exposure was common, and noise protection was often not applied. 
More than one fifth of the study group had close relatives with hearing loss or tinnitus. 
One in six had often had ear disease and about one tenth took medication on a regular 
basis. The drugs most commonly used were taken for allergy and asthma. 
 
Table 4.2.1 Prevalence values of auditory symptoms, noise exposure and possible causative factors at 
reporting to military service. Items #1-4 have three response alternatives No, not at all, Yes, sometimes 
and Yes, often or always. Section 2. Items # 5-12 have three response alternatives, No, never, Sometimes, 
a few times and Often, many times. Items #13-16 and 18 have two response alternatives, Yes and No. 
  

 
4.2.2 Prevalence values of hearing impairment 

The prevalence values of HI expressed as hearing thresholds above 20 dB HL in one or 
both ears and at one or more frequencies was 14.5% at all the tested frequencies 0.5-8 
kHz. Corresponding values for low and mid-frequency HI (0.5-2 kHz) was 2.5%, for 
high frequency HI (3-6 kHz) 7.4% and for 8 kHz 9.8%. The threshold elevations in the 
high frequency range varied between 25 dB HL and 40 dB HL. The presence of HI (3-6 
kHz) was correlated to item #1 (hearing problems, often or always; OR=7.7, CI, 2.5-
24), item #2 (many people talk simultaneously, problems often or always; OR=9.1, CI, 
4.1-20) and item #3 (tinnitus, often or always; OR= 4.5, CI, 1.6-11). 
 
In figure 4.2.2 A and B the prevalence values of hearing thresholds ≥ 25 dB HL at all 
single frequencies in the left ear are presented for those who responded “No, never” 
and “Yes, often” to item #11, tinnitus after loud noise, and #16, often ear disease.  
 

Auditory symptoms
Yes, often or always, % Yes, sometimes, %

1. Hearing problems? 1.7 19.0
2. Hearing problems when many people talk? 3.5 33.5
3. Tinnitus? 3.4 19.8
4. Overly sensitive to noise? 1.9 13.6
Noise exposure
Have you since conscription: Often/many times, % Sometimes, a few times, %
5. Worked in noise? 21.4 34.1
6. Education with noise? 9.8 16.6
7. Shooting or hunting? 7.3 12.0
8. Played loud music? 16.5 23.8
9. Rock concerts or discotheques? 43.9 49.3
10. Motor sports? 6.8 17.6
11. TTS symptoms after noise? 9.4 45.3
12. Noise without hearing protection? 12.4 54.7
Possible causative factors

Yes, %
13. Hearing deteriorated? 12.2
14. Relatives with hearing loss? 22.2
15. Head trauma? 8.3
16. Ear disease? 15.8
18. Medication? 9.2
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Figure 4.2.2 A. The prevalence values of hearing thresholds ≥ 25 dB HL at single frequencies left ear for  
item #11, “Subjected to loud noise and thereby felt whistling or ringing in your ears?” and the response 
alternatives “No, never” (n=380) , “Yes, sometimes” (n=380) and “Yes, often” (n=79). 

 
Figure 4.2.2:B. The prevalence values of hearing thresholds ≥ 25 dB HL at single frequencies, left ear for 
item #16, “Often ear disease?” and the response alternatives “No” (n=706) and “Yes” (n=133). 
 

 
4.2.3 Relations between noise exposure/causative factors and auditory 

symptoms/hearing impairment 

The results from the multiple regression analyses regarding all independent variables 
that are significantly correlated to the dependent variables are presented in table 4.2.3. 
The regression analyses accentuated the influence of item #11 “Subjected to loud noise 

Prevalence values of thresholds >= 25 dB HL, left ear for 
item 11, tinnitus after loud noise

0

2

4

6

8

10

12

14

0.5 1 2 3 4 6 8
Frequency, kHz

Pe
rc

en
t No, never

Yes, sometimes
Yes, often

P r e v a l e n c e  v a l u e s  o f  t h r e s h o l d s  > =  2 5  d B  H L ,  l e f t  e a r  f o r  i t e m  
1 6 ,  o f t e n  e a r  d i s e a s e

0

2

4

6

8

1 0

1 2

1 4

1 6

0 . 5 1 2 3 4 6 8

F r e q u e n c y ,  k H z

Pe
rc

en
t

N o
Y e s



 

26 

and thereby felt whistling or ringing in your ears?”. The OR:s for this item ranged from 
3.0 for HI (3-6 kHz)  to over 20 for some of the self-assessed auditory symptoms. An 
elevated risk was observed for those who “Played loud music” (item #8) for tinnitus, 
hearing problems and self-reported deteriorated hearing. For exposure at rock concerts 
and discotheques we could observe an OR of 0.05, less than 1 for low and mid 
frequency HI (0.5-2 kHz) (p<0.001). For items #6 education, #7 shooting, and #10 
motor sports we could not observe any elevated risks after the multiple regression had 
been performed. Among the other causative factors, ear disease and heredity showed 
significant relations to several of the self-assessed symptoms in the multiple regression 
analyses. Ear disease was also related to HI at 0.5-2 kHz (OR=3.8) and HI at 3-6 kHz 
(OR=3.5). Medication was strongly related to the single symptom “Overly sensitive to 
noise” (OR=7.7). Concussion was related to HI (3-6 kHz), (OR=2.8). The pseudo R-
square values varied between 0.095 and 0.272. In the classification tables the overall 
percentage correctly predicted values ranged from 63.7 to 94.4% and the percentage 
correct predicted positive answers from 0 to 17.4%. 
 
Table 4.2.3 Odds ratios for auditory symptoms and hearing impairment  
Results from the multinomial logistic regression for all independent variables that are significantly 
correlated to the dependent. The risk estimates are presented as odds ratios (OR) for the response 
alternative “Yes, often” for the dependent variable against the response alternative “Yes, often” for the 
independent variables together with 95% confidence intervals and p-values. The p-value of the model fit 
test and the estimate of the proportion of the variation explained by the model (pseudo R-square) are also 
presented. 
Dependent variable Independent variable OR (95% confidence 

interval; p-value) 
Model 
fitting 
information, 
likelihood 
ratio test, p-
value 

Pseudo R-
square 
(Nagelkerke) 

16. Ear disease? 13 (3.6-47; <0.001) 
8. Played loud music? 5.6 (1.4-22; 0.014)  

1. Hearing problems?

11. TTS symptoms after noise? 4.4 (2.2-8.7; <0.001)* 

<0.001 0.237 

11. TTS symptoms after noise? 19 (4.8-74; <0.001) 2. Hearing problems 
when many people 
talk simultaneously? 

14 Relatives with hearing loss? 3.5 (1.5-7.8; 0.003 
<0.001 0.095 

11. TTS symptoms after noise? 9.7 (4.3-22; <0.001) 
18. Medication? 2.5 (1.2-4.8; 0.010) 
14 Relatives with hearing loss? 2.2 (1.3-3.7; 0.004) 
8. Played loud music? 2.2 (1.2-4.1; 0.009) 
16. Ear disease? 2.1 (1.2-3.7; 0.012) 

13. Hearing 
deteriorated?  

5. Worked in noise? 1.9 (1.0-3.4; 0.045) 

<0.001 0.259 

11. TTS symptoms after noise? 21 (6.2-74; <0.001) 
16. Ear disease? 5.0 (1.9-13; 0.001) 

3.Tinnitus? 

8. Played loud music? 4.0 (1.5-11.2; 0.007) 

<0.001 0.272 

11. TTS symptoms after noise? 23 (4.4-116; <0.001) 4. Overly sensitive to 
noise? 18. Medication? 7.7 (2.6-23; <0.001) 

<0.001 0.133 

12. Noise without hearing 
protection? 

17 (3.4-80; <0.001) 

16. Ear disease? 3.8 (1.5-10; 0.005) 

Low and mid 
frequency HI (0.5-2 
kHz) 

9. Rock concerts/discotheques? 0.05 (0.01-0.20; 
<0.001) 

<0.001 0.194 

16. Ear disease? 3.5 (2.0-6.3; <0.001) 
11. TTS symptoms after noise? 3.0 (1.4-6.4; 0.006) 

High frequency HI 
(3-6 kHz) 

15. Head trauma? 2.8 (1.4-5.8; 0.005 

<0.001 0.106 
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4.3 PAPER III 
4.3.1 Incidence values of hearing decline during military service 

Among the 138 men in the comparison group, the prevalence of hearing loss at 
conscription was 16 persons or 12 %. In the study group the prevalence of hearing loss 
at reporting for training was 11 % among the engineers, 14 % among the infantrymen 
and 14 % among the artillerists. This means a prevalence of hearing loss of 13 % as a 
mean for the whole material. The incidence of STS in the comparison group between 
conscription and reporting for training (mean 11 months) was 4 persons or 2.9 %. The 
incidence value of STS in the study group after military service was 7.9% and the 
relative risk 2.7 (RR). The incidences and the relative risks of STS for the three 
different units during the training period can be seen in table 4.3.1 A. 
 
Table 4.3.1 A. Incidence of STS, risk ratio (RR) and 95% confidence interval (CI) relative the 
comparison group for engineers, infantrymen and artillerists. 
 

Group Total 
number 

Incidence of STS, number Incidence of STS,  % RR CI, 95 % 

Comparison group 138 4 2.9   
Engineers 291 11 3.8 1.3 0.4-4.0 
Infantry 252 13 5.2 1.8 0.6-5.4 
Artillery 204 35 17 5.9 2.2-16 

Total 747 59 7.9 2.7 1.0-7.4 
 
Each unit had a command and support part with less noise exposure compared to the 
rest of the soldiers of the regiment. The results from these six subgroups can be seen in 
table 4.3.1:B. In these groups the incidences of STS varied between 2.3 and 23 % and 
the relative risks between 0.8 and 8.0. 
 
Table 4.3.1:B Incidence of STS, risk ratio (RR) and 95% confidence interval (CI) relative the comparison 
group for the command and support (less noise exposed) and the rest of the soldiers (higher noise 
exposed) in each unit. 
 

Group Total 
number 

Incidence of 
STS, 

number 

Incidence of 
STS,  % 

RR CI, 95 % 

Comparison group 138 4 2.9   
Engineers, command and support 131 3 2.3 0.8 0.2-3 

Engineers, builders 160 8 5.0 1.7 0.5-5.6 
Infantry, command and support 135 6 4.4 1.5 0.4-5.3 

Infantrymen 117 7 6.0 2.1 0.6-6.9 
Artillery, command and support 135 19 14.1 4.9 1.7-13.9 

Artillery, howitzer platoons 69 16 23.2 8.0 2.8-23.0 
 
4.3.2 Conscripts with mild hearing loss at reporting for training 

The study group was also divided in two groups (table 4.3.2), the first with all the 
conscripts with normal hearing at reporting for training (20 dB HL or better, both ears, 
all frequencies). The second group had already at the start of the training period a mild 
hearing loss defined as a threshold of 25 dB HL or worse at any frequency or ear. The 
group with a mild hearing loss at reporting was in all 95 persons. In this group the 
incidence of STS was 16 persons or 17 %. The group with normal hearing at reporting 
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for training was in all 652 persons. The incidence of STS in this group was 43 persons 
or 6.6 %. Compared to the unexposed comparison group (incidence of STS 2.9 %) the 
relative risk for those with hearing loss at reporting was 6.8 (RR) and the 95 % 
confidence limits 2.1 – 29 (CI). Compared to the unexposed control group (incidence of 
STS 2.9 %) the relative risk for those without hearing loss at reporting was 2.2 (RR) 
and the 95 % confidence limits 0.8 – 6.0 (CI). The relative risk for hearing deterioration 
for those with mild hearing loss already at reporting for training compared to those with 
normal hearing at this time was 3.1 (R.R.) and the 95 % confidence interval 1.6 – 5.9 
(CI).  
 
Table 4.3.2 Incidence of STS, RR and CI among the conscripts with and without a mild hearing loss at 
reporting for training relative to the comparison group. 
 
Hearing thresholds at reporting Total number Incidence of 

STS, number 
Incidence of 

STS,  % 
RR CI, 95 % 

Comparison group 138 4 2.9   
All freq. 20 dB HL or better 652 43 6.6 2.2 0.8 – 6.0 
At least one freq. >20 dB HL  95 16 17 6.8 2.1-29 
 
4.4 PAPER IV 
4.4.1 Auditory symptoms 

The prevalence values of tinnitus (item #3) increased from 23% to 32% and of 
sensitivity to noise (item #4) from 16% to 19% during the training period (Table 4.4.1).  
 
The incidence of tinnitus (increasing one or two steps, item #3), during the training 
period was 17%. Some of the conscripts (6%) reported less tinnitus symptoms after the 
military service compared to before the training. The incidence of sensitivity to noise 
(increasing one or two steps, item #4), during military service was 12%, and 7.1% 
reported less sensitivity to noise. 12% of the conscripts reported hearing deterioration 
(item #13) before military service, and 26% during the training period.  
 
4.4.2 Hearing impairment and hearing decline 

The prevalence values of HI (Table 4.4.2) for all measured frequencies (0.5-8 kHz) 
were 6.3% at conscription, 14.5% at reporting to military service, and 24% at the end of 
the period. These differences were statistically significant, at 3-6 kHz and at 8 kHz 
(p<0.01), but not at 0.5-2 kHz. The auditory thresholds varied within the limits 10 – 30 
dB HL at conscription, 10 – 40 dB HL at reporting and 10 – 50 dB HL at discharge.  
 
The incidence values of STS for all frequencies 0.5-8 kHz were 3.7% during the period 
before military service and 6.6% during the military training period (Table 4.4.2). The 
relative risk for a STS during the military training was 1.8 (RR) at 0.5-8 kHz (95% CI, 
1.2-2.7) and 2.4 (RR) at 3-6 kHz (95% CI, 1.2-5.0). At 0.5-2 kHz and at 8 kHz we did 
not observe any significant effects.  
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Table 4.4.1 The questionnaire at discarge: Auditory symptoms, noise exposure and the implementation of 
the HCP.  
 

The first figure in each cell represents the answers ”Yes, often or always/many times” and ”Yes, 
sometimes/ a few times” summed together. The second figure within the parentheses represents the 
answer ”Yes, often or always/many times” only. The third response alternative was “No, never”. The p-
value for the chi-square test of the difference between reporting for training and at discharge was <0.001 
for item #1-4 and #7-11, 0.001 for item #12 and 0.003 for item #13.   
 
The incidence of STS during the training period did not increase more among those of 
the conscripts that had a HI at reporting than in the contrast group. Those of the 
conscripts who reported tinnitus or noise sensitivity at reporting to training had about 
the same incidence of STS during the training period as those of the contrast group. 
 
 
 
 
 
 

At reporting for
training, %

At discharge, %

1. Hearing problems? 20.7  (1.7) 28.4  (3.3)
2. Hearing problems when many people talk? 35.7  (2.3) 37.6  (4.8)
3. Tinnitus? 23.2  (3.4) 31.9  (4.8)
4. Overly sensitive to noise? 15.5  (1.9) 18.9  (2.2)

Leisure-time exposure:

From
conscription to
reporting for
training, %

From reporting
for  training to
discharge, %

7. Shooting or hunting? 19.3  (7.3) 12.4  (3.7)
8. Played loud music? 40.3  (16.5) 26.9  (6.1)
9. Rock concerts/discotheques? 93.2  (43.9) 81.5  (21.0)
10. Motor sports? 24.4  (6.8) 14.9  (2.9)

11. TTS symptoms after noise? 54.9  (9.4) 51.2  (2.7)
12. Noise without hearing protection? 67.1  (12.4) 69.9  (5.4)

13. Hearing deteriorated? Yes, 12.2 % Yes,  25.5 %

During your military training, did you get
education regarding:

Yes, but too
detailed, %

Yes, adequate, % No, insufficient,
%

19. Risk-factors for hearing-loss? 2,7 77,2 20,1
20. Risk-areas regarding noise from weapons? 13,4 83,5 3,2
21. Use and maintenance of hearing protection
devices?

12,0 80,9 7,1

22. How to act in case of acute hearing
impairment?

2,9 43,2 53,9

During your military training, did you ever
experience that the hearing protection devices:

No, not at all, % Yes, sometimes/a
few times, %

Yes, often/many
times, %

23. Did not provide adequate protection? 61.1 34,9 3,9
24. Did not have a good fit and leaked sound? 43.9 50,5 5,6
25. Were uncomfortable to wear? 32.2 48,9 18,8
26. Made conversations impossible? 51.4 41,2 7,4



 

30 

Table 4.4.2 Prevalence values of hearing impairment. Incidence values of hearing decline (STS) before 
and during the military training period Relative risk of hearing decline during the training period. 
 

Prevalence values of hearing impairment defined as one or more thresholds of 25 dB HL in one or both 
ears and at one ore more frequencies. Paired t-tests were performed for the differences between hearing 
impairment at conscription, reporting for training and at discharge. The p-value at 0.5-2 kHz was not 
significant (NS>0.05). P-values for the other tests were all <0.01. Incidence values of hearing decline 
of 15 dB or more at least at one ear and tested frequency between the audiometric tests. Relative risks 
(RR) and 95% confidence intervals (CI) were computed for the period from reporting to training to 
discharge. The control was the incidence of hearing decline in the study group in the period from 
conscription to reporting for training (no military noise exposure).  
 
4.4.3 Acoustic accidents 

Temporary tinnitus after exposure to loud noise was common, both during the military 
service and before (Table 4.4.1, item #11). Such incidents occurring often/many times 
were reported more frequently in the questionnaires before the military service (9.4%) 
than during the training period (2.7%). Item#11, had a significant correlation to 
elevated prevalence values of tinnitus and sensitivity to noise at discharge (p<0.001).  
 
Acoustic accidents caused by impulse noise exposure during the training period was 
reported to the officer in charge by 6.1% (n=51) of the conscripts. Such incidents 
enhanced the probability of increasing tinnitus and sensitivity to noise at discharge four 
times (Table 4.4.3). The relative risk of a STS at 3-6 kHz at discharge for those of the 
conscripts who reported an acoustic accident compared to those who did not was 5.7 
(95% CI, 2.2 – 15.1). 
 
 
 
 
 
 

Prevalence values of hearing impairment
(HI), one or more thresholds in any ear
and frequency ≥ 25 dB HL

Conscription, % Reporting for
training, %

Discharge, %

0.5, 1,  2  kHz 0.7 2.5 3.2
3, 4, 6 kHz 2.6 7.4 12.3
8 kHz 3.5 9.8 14.8
0.5 – 8 kHz 6.3 14.5 24

Incidence values of hearing decline
(STS) ≥ 15 dB in any ear and frequency

Conscription –
reporting for
training, %

Reporting for
training -
discharge, %

Relative risk,
(95% CI)

0.5, 1, 2 kHz 0.5 0.8 1.7 (0.51 - 6.0)
3, 4, 6 kHz 1.2 2.9 2.4 (1.2 - 5.0)
8 kHz 3.0 4.4 1.5 (0.9 - 2.4)
0.5 - 8 kHz 3.7 6.6 1.8 (1.2 - 2.7)
Earlier study (Paper III), STS ≥15 dB
any ear and frequency 0.25-8 kHz

2.9 7.9 2.7 (1.0 - 7.4)
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Table 4.4.3 Acoustic accidents. Relative risk of incidence of tinnitus, noise sensitivity and STS at 
discharge for the conscripts who reported acoustic trauma during the training period. 
 

The contrast group was the conscripts who did not report acoustic trauma.  
 
4.4.4 The military hearing conservation program  

A majority of the conscripts found the education adequate (Table 4.4.1, item #19-22). 
However, 20% of the respondents found it insufficient concerning information about 
risk factors for hearing loss. A majority found the education adequate, or even too 
detailed, regarding the NIHL-risks from the weapons used and the use and the 
maintenance of hearing protectors. Half of the study group found the education 
concerning how to act in case of acute hearing impairment insufficient.  
 
The statement that the HPDs often did not provide adequate protection was shared by 
3.9% of the servicemen (Table 4.4.1, item #23). More than half of the servicemen 
reported HPDs with bad fitting and sound leakage occasionally during the training 
period (item #24). The experience that this occurred often/many times was expressed 
by 5.6% of the participants. One fifth of the study group found the HPDs 
uncomfortable to wear often or many times (item #25). A vast majority of the 
servicemen (93%) reported that the level dependent function of the hearing protectors 
made conversation possible most of the time (item #26). The conscripts who had 
tinnitus at reporting for training expressed similar opinions about and attitudes towards 
HPDs as the contrast group. This was also the case for the conscripts who reported 
sensitivity to noise at reporting, with one exception: they found the attenuation of the 
HPDs less sufficient compared to the contrast group (p<0.001) 
 
Some conscripts, 9.4% of the entire group, interrupted their service prematurely; the 
mean period from reporting to discharge in this group was 53 days. Hearing symptoms 
was the reason for interruption in 33 cases (3.9% of the entire group). For five 
servicemen an acoustic trauma was the reason, but for the others no special reason was 
given in the files. This group of 33 servicemen deviated significantly regarding seven 
of the items already at reporting to service from the majority who fulfilled the training 
period (Table 4.4.4).  
 
 
 
 
 
 
 
 

Relative risk CI, 95%
Tinnitus (Incidence of one or two steps of deterioration) 4.2 2.3-7.6
Noise sensitivity (Incidence of one or two steps of deterioration) 4.3 2.2-8.2
STS (Incidence of hearing decline ≥ 15 dB in any ear and
frequency 3,4,6 kHz)

5.7 2.2-15
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Table 4.4.4 Prevalence values of auditory symptoms and hearing impairment at reporting for training 
for the conscripts that interrupted the training because of hearing symptoms compared to those who 
fulfilled the training. 

The figures represent the answers ”Yes, often or always” and ”Yes, sometimes” summed together. The 
third alternative “No, never”. The p-values for the differences between the prevalence values for the 
conscripts that interrupted the military service because of hearing symptoms and the conscripts that 
completed the military service was calculated (chi-square test). They were <0.001 for items #1-4, 13, 14, 
16 and for HI at reporting for training.  The p-value was 0.03 for HI at conscription.   
 

Item at reporting for training Interrupted military
service because of

hearing symptoms, %

Completed military
service, %

1. Hearing problems? 64.5 19.0
2.Hearing problems when many people talk? 75.0 35.5
3. Tinnitus? 66.6 21.3
4. Overly sensitive to noise? 36.4 14.6
13. Hearing deteriorated? 42.4 10.9
14. Relatives with hearing-loss? 43.8 21.4
16. Ear disease? 45.5 14.6
HI – hearing thresholds, any ear and frequency 3,4,6
kHz >=25 dB HL, %

66.7 5

At conscription: HI - hearing thresholds, any ear and
frequency 3,4,6 kHz >=25 dB HL, %

6.1 2.5
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5 DISCUSSION 
5.1 METHODS 
5.1.1 Selection bias 

The first study (Paper I) was intended to study hearing in the male Swedish population 
of 18 year-old men during the period 1971-1995. The participation rate at conscription 
was high but it decreased throughout the study period. The dropout rate was almost 
constant, 7-8%, during the period 1971-1981. In 1986-1995 the dropout rate increased 
from 11% to 18%. All 18-year old men did not need to appear at the conscription 
centres. Exemption from military service was accepted without personal appearance at 
the centres, provided that a medical certificate issued by a physician could be presented. 
For example moderate to severe hearing loss, and/or ear diseases, was accepted as 
reasons for exemption. In 1991 1.25% of the 18-year old men were exempted from 
military service because of hearing loss or otological problems prior to conscription 
examination without personal appearance. Accordingly, Paper I concerns mild to 
moderate HI and not severe to profound hearing loss. In the beginning of the study 
period a socio-economic parameter (maternal education less or more than nine years) 
was equal in the dropout and the study groups. At the end of the period the proportion 
of low educated mothers was larger in the dropout group (36%) than in the study group 
(27%). Accordingly, in the dropout group there is not only more health problems but 
also lower socio-economic status than in the study group. Both these factors have been 
correlated to poor hearing. This could to some extent bias the results against lower 
prevalence values in the period 1986-1995. 
 
Paper II, III and IV included selected groups of healthy young men without chronic 
diseases or functional deficits such as moderate to severe hearing loss. The intention of 
the strict hearing criteria at conscription was to ensure that only young persons with 
good hearing capacity were drafted for military service. However, exemptions for those 
with small threshold elevations occurred at conscription. In the intervening period the 
number of conscripts with small threshold elevations increased. The audiometric 
inclusion criteria were changed between Paper III and Paper II/IV. At the time of study 
III the participation rate in primary military service among all men in the current age 
group was less than 50% and at the time of studies II and IV 30%. The majority of the 
men drafted for military service were motivated and almost all were without chronic 
diseases or functional deficits. Compared to the whole Swedish population of young 
men, the studied groups are healthier, and it seems probable that they could be less 
vulnerable to audiological deficits.  
 
In Paper II and IV the response rate of the questionnaire was 100% at reporting for 
training and 94.6% at the end of the service. The response rate on single questions was 
96.8- 99.8%. In Paper III and IV, the participation rate of the compulsory audiometry 
was 100% both at reporting for training and at the end of the service. It is less likely 
that high dropout rates have biased these observations in any significant way.  
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5.1.2 Information bias 

The screening audiometric method used in the studies has some limitations. We believe 
that the shortened method used could be less accurate than threshold measurements 
with clinical pure tone audiometry. However, studies have shown no significant 
differences in threshold levels and standard deviations between the shortened and the 
conventional ascending method (Tyler & Wood, 1980). In a pilot study we compared 
the standard deviation for the test-retest difference between the computer controlled 
shortened method (two correct responses out of three) with the computer controlled 
conventional method (three correct responses out of five). We found a lower standard 
deviation with the conventional method (unpublished data). Jerlvall et al (1983), made 
a comparison between manual and computer controlled audiometry using identical 
procedures. They concluded that the thresholds obtained by the two methods correlated 
well and that the standard deviation for the test-retest difference was significantly lower 
in the computer-controlled situation. To validate the method used, a comparison was 
made between screening audiograms obtained at the 1991 year conscription (Paper I), 
and results obtained with pure tone audiometry, performed by an experienced clinical 
audiologist, on 500 18-year-old conscripts in 1992. As can be seen in table 5.1.2, the 
prevalence figures of threshold elevations exceeding 20 dB HL for the frequencies 3, 4 
and 6 kHz are very similar. There is a slight tendency that screening audiometry 
overestimates the prevalence, but for the frequency 6 kHz, where the largest prevalence 
of threshold elevations is seen, there is no difference between the methods. The 
comparison indicates a high degree of reliability of the screening procedure used in this 
study. 
 
Table 5.1.2 Prevalence values in percent of threshold elevations exceeding 20 dB HL, left and right ears, 
at the frequencies 3, 4 and 6 kHz, in two studies. In one study screening audiometry has been used 
(present study, conscripts tested in 1991, n: 49 752). The conscripts of the other study have been tested 
with clinical audiometry by an audiologist in 1992, n: 500.  
 

Prevalence of hearing loss, % 
Left ear Right ear 

Frequency 

Screening conscripts, 
Paper I 1991 

Clinical audiometry, 
conscripts, 1992 

Screening conscripts, 
Paper I 1991 

Clinical audiometry, 
conscripts, 1992 

3 kHz 2.2 1.4 1.8 1.0 
4 kHz 3.5 3.2 2.7 2.2 
6 kHz 6.7 6.4 5.6 5.6 

 
The validity of the method is of great importance when evaluating the results. Standard 
deviations of the test-retest difference scores (SDdiff) for the screening method used is 3 
–7 dB depending on frequency. The theoretical calculated probability to have at least 
one positive STS of 15 dB or more at any frequency and ear between two 
measurements only by random given a SDdiff of 5 dB is 3.5 % (Dobie, 1983). This 
figure is very close to the result from our comparison groups with a STS of 2.9 % 
(Paper III) and 3.7% (Paper IV). The least exposed in the study groups (Paper III); the 
command and support parts of the engineer regiment had a STS of 2.3 %. Our even 
lower figures than the theoretical value calculated by Dobie could be explained by our 
repeated measurements in case of a STS. 
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The screening level was 20 dB HL in Paper I and 10 dB HL in Paper II, III and IV. 
This of course shadows the lowest part of the distribution of hearing thresholds and 
makes it impossible to interpret the results as means or medians. We present results as 
prevalence values of thresholds above 20 dB HL. A further deterioration of 15 dB HL 
below the one from 10 to 25 dB can not be detected (Paper III and IV), for example one 
from 0 to 15 dB. Threshold measurements from -10 dB HL would have given higher 
incidences of STS. However, the method used was the same throughout both 
investigations for the study groups and the comparison group that allows a comparison 
between them. 
 
There is no complete validated questionnaire in Swedish suitable for the present study, 
so we designed a questionnaire that focused on the issues included in the aim of the 
study. Three of the questions were adopted from a validated questionnaire in a 
gerontological study (Pedersen & Rosenhall, 1991). The time allotted to the medical 
examination, including the questionnaire was limited. Accordingly, the questionnaires 
had to be short with a limited number of questions and response alternatives. One 
example of question that was discussed, but not included was smoking habits. This 
question needs specifications regarding types of smoking (and snuffing), extent of 
consumption, and duration of smoking. The practical applicability of the questionnaire 
was tested on 20 conscripts. It included the time needed to complete it, the clarity of the 
items and whether the response alternatives were adequate. The questionnaires were not 
compared to interviews or measurements for validation and the sensitivity and 
specificity of the items are not known.  
 
We think the questions are sensitive enough to evaluate prevalence values of symptoms 
and exposure. Though, the cross-sectional analyses in Paper II and IV could to some 
extent be biased depending on miss-classification in exposure or symptoms. This bias is 
most likely to decrease the observed correlation between exposure and symptoms.  
 
5.1.3 Confounding factors  

The most prominent confounding factors in studies on noise exposure and hearing 
impairment are age and sex. These factors are controlled for in the design of the studies.  
The comparison groups in Paper III and IV were selected to obtain subjects not 
exposed to military noise but comparable to the exposed groups in the studies in all 
other aspects. Our comparison group had passed the conscription criteria and been 
drafted for military service. They were all men and of essentially the same age as the 
study group. In the cross-sectional analyses in Paper II multiple regression analyses 
was used to find the variables that explained most of the variation in the dependent 
variable.  
 
The composition of the study group means that only men of the same age are included 
in the investigation. This is regrettable but unavoidable. In future studies of military 
personnel female officers and officers of different age will be included. 
 
It is less probable that the results in Paper I-IV depend on selection bias, information 
bias or confounding.  
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5.2 HEARING AT CONSCRIPTION – PREVALENCE AND TIME TRENDS 

The hearing of the 18-year old men belonging to the different birth cohorts in Paper I 
was, in general, excellent. In a study of 500 randomly selected Swedish conscripts 
(Axelsson et al, 1994) a prevalence of hearing loss of 14%, at any frequency 0.25-8 
kHz, in one or in both ears, was reported. In the present study, the prevalence of any 
threshold elevation, at any frequency 0.5-6 kHz, was 13.1 % in the entire study group 
(13.9% and 16.3% in the two most recent cohorts). 6 kHz was the frequency most 
commonly affected by threshold elevations in both studies. In a study of Finnish young 
men who went for an enlistment examination in 2001 a prevalence of mild hearing loss 
of 19 % (either ear at 0.5-8 kHz) (Jokitulppo, 2005) was reported. Davis reported from 
the UK, a prevalence of thresholds above 20 dB HL at 6 kHz of 20% in young men 
(1995). From the cited studies, as well as our own study, it may be concluded that the 
prevalence of any threshold elevation among young men is in the range 13 to 20 %.  
 
It has been shown that the pure tone thresholds of the left ear are somewhat higher than 
of the right ear (Pirilä et al, 1991). In the present study we found the same difference in 
18-year old men, 7.5% high frequency elevations in the left ear and 6.2% in the right.  
One explanation for the ear asymmetry is differences in noise exposure. However, 
according to Rudin et al (1998) noise exposure tended to conceal the right-left ear 
difference. They proposed a biological difference of the left and right ears, like several 
other functions of the body. Results presented by Job et al (1998) support the concept 
that the ears have different intrinsic characteristics. They suggest the left cochlea to be a 
more sensitive sensor and therefore more fragile. 
 
Two different time trends are apparent in Paper I. One is a decrease of the prevalence of 
high frequency hearing loss at the beginning of the study, and the other is an increase at 
the later part of the study. The early decrease was seen in the high frequencies and most 
pronounced for 6 kHz. It affected above all mild threshold elevations, but also 
moderate and severe elevations. The prevalence of moderate-severe threshold 
elevations decreased from 6.7% in 1971 to 4.6% in 1981, and was constant thereafter. 
The early decrease may be explained by a variety of extrinsic factors. It was observed 
among the young men who grew up in the 50s, 60s and 70s. During this period the 
economic and social welfare improved in Sweden as well as general health and state of 
nutrition. A national health care system was introduced with maternal health care and 
baby clinics. The medical care for children with ENT diseases was improved. All these 
factors may have contributed to the improved hearing function. The proportion of 
teenagers beginning their working life already at the age of sixteen, when compulsory 
school ends, decreased during the study period. In the 1970s 74% of the young men 
went to senior high school, in the 90s this figure was 89% according to Statistics 
Sweden.  
 
Much effort has been put into prevention of hearing loss in working life. The 
occupational noise exposure is lower today compared to 30 years ago, e.g. in 
automobile industry (Bruhl et al, 1996). This favourable development is primarily of 
benefit to men older than those belonging to the present study, but the noise levels have 
been reduced in vocational schools as well. Accordingly, there is evidence that the 
proportion of teenagers exposed to significant occupational noise has decreased from 
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the 70s to the 90s. Occupational NIHL has also decreased from the 70s to the 90s 
(Johansson & Arlinger, 2001). 
 
During the last nine years of the study, the pattern was reversed. An increased 
incidence of hearing loss was apparent especially for the frequency 6 kHz, and to some 
extent, for 4 kHz. Regarding the low and mid frequencies there was no prevalence 
decrease at the initial stage, but a gradual increase at the later stage.  This tendency thus 
represents a change to the earlier development of decreased incidence of high 
frequency loss, and it signals new negative influences on hearing. One possible 
contributing factor is increased exposure to leisure time noise. In a Finnish study 
(Jokitulppo et al, 2005) 27% of young men were exposed to noise levels over 85 dB(A) 
weekly before enrolment. This possible threat to the hearing of future generations has 
been discussed earlier (Hellström et al, 1992). However, there is no consensus 
regarding adverse effects of recreational noise exposure. According to Rabinowitz et al 
(2006) the prevalence of hearing loss among young adults, employed for the first time 
by an aluminium producing company in USA, has not increased from 1985 to 2004.  
 
5.3 NOISE EXPOSURE, HEARING AND AUDITORY SYMPTOMS AT 

REPORTING TO MILITARY SERVICE 
5.3.1 Hearing impairment 

In Paper II we reported prevalence values of 14.5% for all tested frequencies (0.5-8 
kHz) and 7.4% at 3-6 kHz. In Paper III the prevalence value of HI was 13% (0.25-
8kHz). At conscription, before the strict hearing screening, we found prevalence values 
of 16.3% (0.5-6 kHz) and 14.3% (3-6 kHz) (Paper I). In a Finnish study of military 
conscripts at reporting the prevalence of HI was 19% (0.5-8 kHz) (Jokitulppo et al, 
2005). Klockhoff et al (1986) reported from the late 1970s a prevalence value of 29% at 
the beginning of military service (0.5-6 kHz). From 1978 Riihikangas et al (1980) 
reported a prevalence value of 18.1% HI (0.5-8 kHz) in Finnish conscripts at reporting 
to training, almost the same as Jokitullpo found recently. At the time of the study of 
Klockhoff et al in Sweden and in the Finnish studies the participation rate in the 
mandatory military service was 80% compared to 30 to 50% in our studies. The 
screening procedure in our sample seems to have reduced the prevalence of high 
frequency HI (3-6 kHz) to about half that of unscreened samples. 
 
5.3.2 Auditory symptoms 

In spite of the selection criteria at conscription, large proportions of the participants 
reported auditory symptoms upon entry to service. Tinnitus “sometimes” was reported 
by 20% and “often or always” by 3.4% of the participants in our study. Corresponding 
prevalence figures of tinnitus “often or always” in unscreened samples are 9.3% for 
men aged 20-29 years (Axelsson & Ringdahl, 1989), and 9.6% for boys aged 13-19 
years (Olsen Widén & Erlandsson, 2004). Jokitulppo et al (2005) found a prevalence of 
tinnitus often or continuously of 9.1% among Finnish conscripts upon arrival at 
military training. We found an overall prevalence of noise sensitivity “sometimes” of 
13.6% and “often or always” of 1.9%. Olsen Widen and Erlandsson (2004) reported 
sensitivity to noise among 12.7% of boys aged 13-19 years. Jokitulppo et al (2005) 
found sound annoyance often or continuously in 3.7% in their study group of 
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conscripts. Accordingly, it can be concluded that auditory symptoms, especially of 
intermittent character, were common among the young, healthy men in our study. 
Continuous symptoms were less common, with prevalence values of one half to one 
third compared to those reported in unscreened populations of about the same age. 
Therefore, the screening before enrolment of the study population did not seem to 
influence the overall prevalence of auditory symptoms, but it seems to have reduced the 
prevalence values of constant problems. This concurs with the results in a recent study 
by Brunnberg et al (2008) in 15-16 year old students. They reported a prevalence of 
tinnitus often or always of 39% in students with hearing-loss compared to 6% among 
students with normal hearing thresholds. The prevalence of “tinnitus seldom or 
sometimes” was similar in the two groups.  
 
5.3.3 Noise exposure and other ototraumatic factors 

A large proportion of the participants in our study in Paper II had been exposed to 
different types of loud noise. Smith et al (2000) found that during the last decades of 
the 20th century the social noise exposure, especially from music, has increased while 
occupational noise has decreased in a similar age group. The most common exposure in 
our material was music at rock concerts or discotheques. A vast majority (93%) had 
attended this type of events, almost half of them often/many times. Concern has been 
expressed about excessive listening to music among young people (Maassen et al, 
2001, Mercier & Hohmann, 2002). In the multivariate analysis we observed an OR of 
0.05 for the conscripts with low and mid-frequency HI (0.5-2 kHz) related to the noise 
exposure factor “going to rock concerts and discotheques”, item #9. This can be 
interpreted as an avoidance pattern, but the observation remains unclear since there was 
no negative correlation between sensitivity to noise and item #9.  
 
Almost 17% of the participants in our study had been a member of a band, or had 
worked as a sound technician or as a disc jockey. In the Finnish study 11% had played 
in a band or an orchestra. The conscripts who actively had played loud music had 
significant higher prevalence values of subjective hearing problems, self-reported 
deteriorated hearing and tinnitus than the contrast group and this was obvious even 
after the multiple regression had been performed (table 4.2:3).  The prevalence of 
measured HI was similar among those who had played loud music and those who had 
not. This is in accordance with previous findings by Kähäri et al (2003).  
 
Symptoms of tinnitus after noise exposure (item #11) were reported by more than half 
of our participants. Almost one in ten reported tinnitus after noise exposure often or 
many times. Experience of tinnitus after noise exposure was strongly correlated to all 
types of auditory symptoms asked about, as well as to HI (3-6 kHz), in the single 
variable model. This tendency was even more pronounced in the multiple regression 
analysis, with OR-values ranging between 4.4 and 23 for self-assessed symptoms (table 
4.2:3), and 3.0 to HI at 3-6 kHz.  
 
As tinnitus after noise was correlated to all other noise exposure factors, it seems 
probable that among these young men a major risk factor is exposure to high noise 
levels in different types of situations. The incidents resulting in tinnitus can occur at 
work, in school, or in leisure time. Acute acoustic trauma causes temporary or 
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permanent threshold shifts, in many cases together with tinnitus (Mrena et al, 2004). 
This concurs with an observation made by Griest and Bishop (1998) who reported that 
tinnitus could be an early indicator of hearing loss. Our results emphasise the 
relationship between repeated noise exposure causing tinnitus (item #11) and high 
frequency HI. It can be concluded that the presence of repeated tinnitus after noise, 
signals exposure to excessive noise, which might lead to auditory complications in the 
long run.  
 
In the multiple regression analysis ear disease turned out to be the most prominent item 
in the “Other ototraumatic factors” group. It was related to hearing problems, 
deteriorated hearing and tinnitus, and to HI at (0.5-2 kHz) and at 3-6 kHz) with OR 
values of 3.8 and 3.5 (table 3). In a study by Augustsson and Engstrand (2006) 
significantly higher prevalence values of elevated thresholds were found among 
conscripts who had been treated with tympanostomy tubes for secretory otitis media. 
Results in this selected study group support this observation.  
 
An almost threefold increase in risk of HI (3-6 kHz) was observed among those 
conscripts who had experienced concussion compared to those who had not. This 
concurs with the results in a study by Bergemalm and Borg (2001). Heredity was 
correlated to “hearing problems when many people talk simultaneously”, deteriorated 
hearing and tinnitus, but not to threshold elevations. 
 
In Figure 4.2.2 A and Table 4.4.2 it is illustrated that the highest prevalence values of 
HI are observed at 8 kHz, followed by 6 and 4 kHz in order. This emphasises 8 kHz as 
a possible NIHL frequency especially when impulse noise is present. A Norwegian 
study (Tambs et al, 2006) observed effects of impulse noise approximately equal from 
4 to 8 kHz for men 20-44 years. Ylikoski (1989) studied Finnish conscripts who had 
suffered acute acoustic trauma, and reported that “the frequency at which hearing loss 
was severest was most commonly 6 kHz, followed by 8 kHz and 4 kHz in that order”. 
Somma et al (2008) reported impairments of the frequencies beyond 4 and 6 kHz, 
including 8 kHz, in cement workers exposed to stationary noise. This effect was seen in 
all age groups studied, also for men aged 21-30 years.   
 
5.4 HEARING AND AUDITORY SYMPTOMS AT DISCHARGE FROM 

MILITARY SERVICE 
5.4.1 Hearing impairment 

In Paper IV we observed increasing prevalence values of HI from reporting to service 
to discharge, 15% to 24% (0.5-8 kHz). The same pattern was observed at 3-6 kHz, and 
at 8 kHz (Table 4.4.2). This prevalence difference is in accordance to findings by 
Jokitulppo et al (2005, 2008). The slightly lower prevalence values in our study, 
compared to in the Finnish, 19% before and 27% after (0.5-8 kHz), could be due to the 
strict hearing inclusion criterion that has been used in Sweden for some years. The 
increase in prevalence values of HI during the military service seems to be the same in 
Finland and Sweden, 8-9%. Our observed higher prevalence values at 3-6, and 8 kHz, 
are in accordance to results by Mrena et al (2008). Officers in the Finnish Defence 
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Forces, exposed to impulse noise for many years, had significant elevated hearing 
thresholds at 4-8 kHz. 
 
The noise induced hearing loss is typically characterized by a “noise-notch” at 3-6 kHz.  
(Humes et al, 2006). We observed the highest prevalence value of hearing impairment 
at the frequencies 6 and 8 kHz both before and after military service. This is in 
accordance with findings by for example Riihikangas (1980), Ylikoski (1989) and 
(Tambs et al, 2006). In young ages and when the exposure is predominantly impulse 
noise or short exposures of very high continuous noise, it could be speculated if the 
most sensitive frequency interval to discover noise induced hearing impairment could 
be 4-8 kHz instead of 3-6 kHz. The 3-6 kHz interval is assumed most sensitive to NIHL 
after long time exposure to continuous noise without hearing protection. 
 
5.4.2 Hearing decline 

The incidence of hearing decline was 7.9% (RR=2.7) in 2000 (Paper III) and 6.6% 
(RR=1.8) in 2003-2005 (Paper IV). This decrease in incidence could be interpreted as 
an effect of the developed HCP. This conclusion seems to be supported by the decrease 
in hearing impairments reported to the insurance system (Figure 1.3.3) 
 
In Paper III the engineers and the infantrymen had almost the same incidence of STS, 
3.8 and 5.2 % respectively, as the comparison group 2.9 %. The relative risks were 1.3 
and 1.8 respectively which was not significant at the 95 % level. Among the artillerists 
the incidence of STS was considerably higher, 17 %. The relative risk compared to the 
control group was 6.9 (CI 2.4- 27). The hearing conservation programme aimed to 
protect these conscripts seems to be insufficient.  
 
It seems likely there is a noise dose dependant relationship from controls to engineers, 
infantrymen and artillerists with increasing incidences of STS ranging from 2.9 over 
3.8 and 5.2 to 17 %. This is even more pronounced when we only look at the most 
noise exposed groups excluding command and support in each regiment (Table 4.3.1 
A, B). The incidence values of STS are 2.9 % for the comparison group, 5 % for the 
engineers, 6 % for the infantrymen and 24 % for the howitzer platoons. Measurements 
of individual noise doses were not available but it is very probable there is an 
increasing noise dose from the first to the last group if we look at both sound pressure 
levels and exposure times. The main part of the noise energy comes from impulse 
sources. 
 
In Paper IV the incidence values of hearing decline (STS) were larger during the 
military service than during the control period from conscription to reporting for 
training (Table 4.4.2). This was significant for the frequency interval 3-6 kHz (RR=2.4, 
CI=1.2-5.0) and 0.5-8 kHz (RR=1.8, CI=1.2-2.7). We observed a decrease in noise 
exposure in leisure time during military service compared to before. The shorter time in 
military service, 8 months compared to 13 months from conscription to reporting for 
service and the decrease in leisure time noise exposure during this period emphasise 
military noise as a risk factor.  
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Riihikangas et al (1980) studied the hearing in Finnish conscripts in the late 1970s 
when HPD:s use was not mandatory and a majority did not use them. Hearing 
deterioration was defined as a threshold shift of 10 dB or more at any frequency 0.25-8 
kHz. The incidence value of hearing deterioration was 14.8%. 9.4% had a 20 dB, or 
greater shift. Most shifts were confirmed at 4, 6, and 8 kHz. The most affected 
frequency was 8 kHz. Klockhoff et al (1986) studied Swedish conscripts in the late 
1970s. At this time the use of HPD:s was not mandatory in all situations. The criterion 
for hearing deterioration was impairment by at least 5 dB in the mean value of the 
frequencies 3-6 kHz (screening level 20 dB HL, 0.5-6 kHz). With this definition, high 
frequency deterioration was found in 4.9% of the conscripts after military service. The 
most affected frequency was 6 kHz and the deterioration was more common in the left 
ear. In these two studies performed in the 1970s before the mandatory use of HPD:s the 
incidence values of  hearing decline seems to be greater compared to our recent studies.  
 
5.4.3 Auditory symptoms 

Large proportions of the young men in the selected study group in Paper II reported 
hearing symptoms at the start of the military service. Prevalence values of most 
auditory symptoms asked for, such as tinnitus and sensitivity to noise, increased from 
reporting to military service to discharge (Table 4.4.1). Jokitulppo et al (2008) reported 
the opposite situation with decreasing prevalence values of tinnitus and sensitivity to 
noise. In our material the participation rate was high both at reporting to service and at 
discharge. In the Finnish study the participation rate was high at reporting to service but 
low at the end of the service (42%). 
 
5.5 THE MILITARY HEARING CONSERVATION PROGRAMS 

The conscripts were frequently exposed to impulse noise and intense continuous noise 
exceeding the risk-limits during the service. HPD:s were mandatory in all noisy 
situations and this was enforced by the officer in charge. In the Finnish study 
(Jokitulppo, 2008) it was estimated that during military service 89% of the conscripts 
were exposed over the LpAeq,8 85 dB risk limit compared to 27% before. The exposures 
from leisure time noise in our study group in Paper IV decreased considerably during 
the training period to be about halved compared to before. This is in accordance to the 
results in the Finnish study.  
 
The education regarding risk factors for hearing loss in the HCP, was estimated as 
adequate by 80% of the participants. Ninety-five percent of them reported adequate 
knowledge about risk areas around weapons and the use of HPDs. In a British study 
(Okpala, 2007) inadequate education of the HCPs was reported, and all of the infantry 
soldiers in the study had experienced temporary hearing loss. Moreover, 
communication difficulty was the most acknowledged problem. The HPDs used in that 
study had no level dependent function. This was in contrast to our study in which a vast 
majority of the conscripts reported that the level dependent function of the HPDs made 
conversation possible most of the time. We observed a decreasing prevalence of 
frequent exposure to excessive noise without HPDs during the training period 
compared to before the service, probably an effect of the education and the mandatory 
use of HPDs. However, one fifth of the conscripts often found the HPDs uncomfortable 
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to wear and 4-6% experienced that they often leaked sound or did not provide adequate 
protection.  
 
The study in Paper III was performed in 1999/2000 and in paper II and IV in 2002-
2005. The military HCP was developed during this period and a program aimed to 
improve the prevention of hearing impairments was introduced (Projekt Hörsel). The 
program was continually improved and included noise measurements, better equipment 
and better training of the officers and conscripts in preventive measures. In part as a 
consequence of the findings in Paper III an expert committee appointed by the Swedish 
Armed Forces established the rationale for a revised audiometric criterion. This 
rationale included the following considerations: 1) to avoid further hearing 
deterioration in individuals with HI present already at conscription or reporting; 2) to 
minimise the risk of hearing deterioration in noise-sensitive individuals; and 3) to 
ensure sufficient auditory communication for military readiness. The committee also 
recommended improvements in performing and evaluation of the screening audiometry 
during and after military service. The new audiometric inclusion criterion to be drafted 
for military training at the time of the study II and IV was: pure tone thresholds ≤ 25 dB 
HL for the frequencies 0.5, 1, 2, 3, 4, 6, and 8 kHz in both ears. Exemptions from this 
criterion could be accepted.  Pure tone thresholds ≤ 30 dB HL at one or more 
frequencies, and 35-40 dB HL at one single frequency, could be accepted after 
consultation with an ENT-specialist. Of all participants in paper II and IV, 2.6% were 
granted exception from the hearing criterion at conscription.  
 
In Paper III the less strict audiometric inclusion criterion was applied, and we observed 
an increased risk for a hearing decline after military service among soldiers with a HI 
present already at reporting to training. A similar observation was made by Klockhoff 
et al (1986). This group also reported “ the greater hearing defect observed on reporting 
for training the greater the incidence of hearing deterioration during training”. The 
stricter screening procedure in Paper IV did reduce the prevalence of mild high 
frequency HI in the selected group since those conscripts with moderate and severe 
hearing loss were not eligible for service anymore. In this study we could not observe 
an increased risk for hearing decline after military service among soldiers with HI 
already at reporting to training. Moreover, tinnitus and other aural symptoms present at 
reporting to service did not predict an increased risk for hearing decline. The incidence 
value of hearing decline in the subgroup with normal hearing at reporting to training in 
Study III was 6.6% compared to 6.6% in the entire study group in Paper IV. These 
findings could support the benefit of the more strict hearing inclusion criteria enforced 
in the SAF today.  
 
According to the results in Paper IV the risk of repeated exposure to unprotected noise 
was less during military service than before the service. These observations indicate 
that the present HCP in the SAF is efficient and reduces the risk of occupational NIHL 
during military service. However, the situation regarding hearing protection during 
military service is not yet satisfactory, exposure to military noise still imposes a risk for 
the servicemen. Aural symptoms, HI and STS were observed significantly more 
prevalent at discharge than at reporting to military service.  
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Part of the program demanded that acoustic accidents should be reported to the officer 
in charge immediately. The aim of this was first to take care of the soldiers and second, 
to prevent further accidents. Of the conscripts in our material, 6.1% reported an 
acoustic accident. This group, most common exposed to impulse noise without HPDs, 
had an elevated relative risk of 4-6 times of worsened tinnitus, noise sensitivity and 
STS, compared to the contrast group (Table 4.4.2). Jokkitulppo (2008) reported that 
exposure to military explosions correlated to tinnitus. Mrena et al (2008) reported that 
about 2% of the Finnish conscripts suffered from hearing impairment associated to an 
acoustic trauma after the enforcement of stricter safety regulations. Another indicator of 
high noise exposure and effect on the auditory system in our study is item #11, tinnitus 
after noise exposure. In the multinomial regression analyses, we observed significant 
correlations between item #11 and elevated prevalence of tinnitus and noise sensitivity 
both before and after military service. In the study before military service, we also 
observed significant relations between item #11 and HI.  
 
Four percent of the servicemen interrupted the service prematurely because of hearing 
symptoms. Already at reporting to military service this group had more self-assessed 
hearing symptoms and HI compared to the others. A large proportion of the group had 
elevated hearing thresholds between conscription and reporting to service (Table 4.4.4). 
Those conscripts who had multiple auditory symptoms and decline in hearing 
thresholds between conscription and reporting to service could represent a vulnerable 
group. Aural symptoms and HI prior to military service are still risk factors to be taken 
seriously, since they can predict an increased probability of interruption of military 
service.  
 
The military HCP has been improved continuously, but is still not perfect. According to 
the findings in this thesis further improvements of the HCP are suggested in Chapter 6.   
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6 PRACTICAL APPLICATION OF THE RESULTS 
The results in these studies have contributed to improvements of the military HCP: 
 
- The audiometric screening level has been changed from 20 dB HL to 10 dB HL.  
- Stricter audiometric inclusion criteria to be drafted for military service have been 

introduced. 
- Stricter criteria to take preventive measures after acoustic accidents have been 

introduced. 
- Stricter criteria to report hearing impairments to the insurance system have been 

introduced.  
 
Further improvements of the HCP to prevent aural symptoms could be suggested: 
 
- The future preventive work and the military HCP could be aimed at a decrease of 

the incidence value of hearing decline in military groups to be the same as in a 
military unexposed group of the same age (2.9%-3.7%). 

- A short questionnaire, added to the conscription examination, could provide 
information of aural symptoms. A combination of aural symptoms and slight HI 
could be recognised as a reason of exemption from service in the Armed Forces.  

- The education in the HCP regarding the consequences of excessive exposure to 
noise seems to be inadequate. An even more active involvement of military medical 
personnel in the HCP can be recommended.  

- Tinnitus after noise is common in the age group (19-20 years), and the symptom is 
correlated to negative effects on the aural health at young ages. This finding 
emphasises the necessity of information on the risk of tinnitus after high noise 
exposure in the HCP. 

- There are still problems regarding the use of hearing protectors among the 
servicemen. Poor fitting, inconveniences and acoustic accidents are commonly 
reported. A revision of the types of HPDs purchased and the education in the use of 
HPDs is recommended.  
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7 CONCLUSIONS 
7.1 HEARING IN YOUNG MEN IN THE PERIOD 1971-1995 

• The averaged prevalence of mild-moderate hearing loss in the frequency range 0.5-
6 kHz during the period 1971-1995 was 13.1%.  

• Most of the threshold elevations, 11.9% were situated in the high frequency region 
(3, 4 and 6 kHz).   

• The prevalence of hearing loss was highest at 6 kHz. 
• In the period from 1971-1981, the prevalence of hearing loss of 25 dB HL or more 

decreased from 15.7% to 8.3%. From 1986-1995 it increased from 9.8% to 16.3. 
• The prevalence of hearing loss of 45 dB HL or more decreased over the entire study 

period from 3.8% in 1971 to 1.9% in 1995. 
• Hearing losses at 3, 4 and 6 kHz were more common in the left ear (7.5%) than in 

the right (6.2%). 
 
7.2 HEARING IN YOUNG MEN AT REPORTING TO MILITARY SERVICE 

• The prevalence values of noise exposure encountered in leisure times (19-93%), as 
well as in the occupational (55%) and educational settings (26%) were high.  

• The prevalence values of self-assessed auditory symptoms (tinnitus 23%, noise 
sensitivity 16%) were high. 

• The incidence value of hearing decline (STS) between conscription and reporting to 
service was 2.9% (Paper III) to 3.7% (Paper IV).  

  
• The risk of tinnitus, noise sensitivity and high frequency hearing impairment among 

the young men who experienced tinnitus after loud noise exposure was elevated. 
• The risk of tinnitus, but not of hearing impairment, was elevated among the young 

men who performed loud music. 
• The risk of high frequency hearing impairment was elevated among those who 

reported tinnitus and hearing problems. 
• The risk of tinnitus, low/mid- and high frequency hearing impairment was elevated 

among the young men who had often suffered from ear disease. 
• The risk of high frequency hearing impairment was elevated among the young men 

who had been exposed to “concussion and loss of consciousness”. 
 
7.3 HEARING IN YOUNG MEN AT DISCHARGE FROM MILITARY 

SERVICE 

• The prevalence values of tinnitus (from 23% to 32%) and sensitivity to noise (from 
16% to 19%) were elevated at discharge compared to at reporting to military 
service.  

• The prevalence values of hearing impairment were elevated at discharge compared 
to at reporting to military service (from 15% to 24%).  

• The incidence values of hearing decline (STS) were elevated during military service 
compared to before (from 2.9%-7.9% in Paper III and from 3.7% to 6.6% in Paper 
IV). 

• It seems like incidence and relative risk of hearing decline has decreased between 
study III and IV.  
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• The leisure time noise exposures decreased during military service.  
 
• The prevalence values of tinnitus and noise sensitivity at discharge among the 

conscripts who often had been exposed to “loud noise and thereby felt whistling or 
ringing in the ears” were elevated.  

• The risk for increase in tinnitus, noise sensitivity and hearing decline (STS) at 
discharge among the subgroup of conscripts that reported an acoustic accident 
during the service was elevated. 

• In Paper III, conscripts with hearing loss already at reporting were at a higher risk 
for a hearing decline (STS) compared to conscripts with normal hearing at 
reporting. In Paper IV with more strict hearing inclusion criteria, we did not 
observe this elevated risk.  

• Auditory symptoms and HI prior to military service predict an increased probability 
of interruption of military service  
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10 APPENDIX 
 
Questionnaires #1 was distributed at reporting for training and #2 at the end of service 
(translations and the Swedish originals)  
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Questions regarding hearing and exposure to noise at time of enlistment 
Please answer the questions as accurately as possible. Don’t hesitate to ask one of the nurses if anything 
is unclear. All answers are treated under strict confidence and secrecy.  
 
Name:  
Social Security 
Number: 

 

 
Please mark the appropriate box 
 
 Yes, often 

or always 
Yes, 

sometimes 
No, never 

1.Do you have hearing problems?    
2. Do you experience hearing problems when many 
people talk simultaneously? 

   

3. Do you have tinnitus (buzzing, ringing or whistling 
sounds in your ears)? 

   

4. Are you overly sensitive to loud noise?    
 
Since conscription, have you:  
 
 Often, many 

times 
Sometimes, 
a few times 

No, never 

5. Worked in an environment with loud noise?    
6. Been in education in an environment with loud noise?    
7. Been shooting or hunting?     
8. Played loud music in a band, been a disc jockey or a 
sound technician? 

   

9. Gone to rock concerts or discothèques?    
10. Participated in loud motorsport?    
11. Been subjected to loud noise and thereby felt 
whistling or ringing in your ears? 

   

12. Been subjected to loud noise without wearing 
hearing protection gear? 

   

 
 
 Yes No 
13. Do you feel your hearing has deteriorated since you 
enlisted? 

  

14 . Has any of your parents or siblings experienced 
hearing loss or tinnitus? 

  

15. Have you had a concussion and experienced loss of 
consciousness? 

  

16. Have you often had ear disease?   
17. Are you right handed?   
18. Are you taking any medication on a regular basis?   
If yes, what medicin: 
 
 Blue Green Brown 
19. The color of your eyes?    
 
 Red Blond Brown Black 
20. The color of your hair ?     
 
 
Thank you for participating in this inquiry! 
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Frågor om hörsel och buller vid inryckningen 
Svara så noggrant du kan och fråga personalen på sjukan om du undrar något. Svaren behandlas som 
journalhandling och under sekretess.   
 
Namn: 
Personnummer: 
 
Svara genom att sätta kryss i lämplig ruta  
 
 Ja, ofta eller 

alltid 
Ja, ibland Nej, inte alls 

Har du problem med hörseln?    
Har du svårigheter att höra när många pratar samtidigt?    
Har du tinnitus ( sus, pip eller tjut i öronen)?    
Är du ljudöverkänslig?    
 
Har du sedan mönstringen:  
 
 Ofta/ många 

gånger 
Ibland/ 
några 
gånger 

Nej, aldrig 

Arbetat i hörselskadligt buller?    
Gått på utbildning där det förekommit hörselskadligt 
buller? 

   

Ägnat dig åt skytte eller jakt?      
Spelat högljudd musik i band, varit discjockey eller 
ljudtekniker? 

   

Gått på rockkonserter eller diskotek?    
Ägnat dig åt bullrande motorsport?    
Varit utsatt för höga ljud så att du fått tjut eller pip i 
öronen? 

   

Varit utsatt för högt buller utan att använda hörselskydd?    
 
 
 Ja Nej 
Tycker du att din hörsel försämrats sedan mönstringen?   
Har någon av dina föräldrar eller syskon 
hörselnedsättning eller tinnitus? 

  

Har du haft hjärnskakning som lett till medvetslöshet?   
Har du ofta  haft öronsjukdom?   
Är du högerhänt?   
Använder du någon medicin regelbundet?   
Om ja, ange vilken medicin: 
 
 Blå Grön Brun 
Är din ögonfärg?    
 
 Röd Blond Brun Svart 
Är din hårfärg ?     
 
 
 
Tack för din medverkan! 
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Questions regarding hearing and noise at the time of discharge. 
 
Please answer the questions as accurately as possible. Don’t hesitate to ask one of the nurses if anything 
is unclear. All answers are treated under strict confidence and secrecy.  
 
Name: 
Social Security Number: 
Grade: 
Pluton: 
Company: 
 
Please mark the appropriate box   
 
 Yes, often or 

always  
Yes, 
sometimes 

No, never 

1. Do you have hearing problems?    
2. Do you experience hearing problems when many people 
talk simultaneously?   

   

3. Do you have tinnitus (buzzing, ringing or whistling 
sounds in your ears)? 

   

4. Are you overly sensitive to noise?    
 

During your military training, did you get education regarding:  
 
 Yes, but too 

detailed 
Yes, 
adequate 

No, 
insufficient 

19. Risk factors for hearing-loss?     
20. Risk areas regarding noise from weapons?    
21. Use and mainteinance of hearing protection?    
22. How to act in cases of acute hearing impairment?    
 
During your military training, have you: 
 
 Often, many 

times 
A few times No, never 

Experienced a noisy situation with ear protection not 
available? 

   

11. Been subjected to loud noise and thereby felt whistling 
or ringing in your ears? 

   

12. Been subjected to loud noise without wearing hearing 
protection gear? 

   

 
Did you ever experience that the ear protection that was used during your military training: 
 
 Often, many 

times 
Sometimes, 
a few times 

No, never 

23. Did not provide adequate protection?    
24. Did not have a good fit and leaked sound?    
25. Were uncomfortable to wear?    
26. Made conversations impossible?    
 
Have you during military service, in leisure time: 
 
 Often, many 

times 
Sometimes, a 
few times 

No, never 

7. Been shooting or hunting?     
8. Played loud music in a band, been a disc jockey or a 
sound technician? 

   

9. Gone to rock concerts or discothèques?    
10. Participated in loud motorsport?    
12. Been subjected to loud noise without wearing    
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hearing protection gear? 
 
 Yes No 
13. Do you feel your hearing has deteriorated since you 
reported for duty? 

  

 
 
Thank you for your participation! 
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Frågor om hörsel och buller vid utryckningen 
 
Svara så noggrant du kan och fråga personalen på sjukan om du undrar något. Svaren behandlas som 
journalhandling och under sekretess.   
 
Namn: 
Personnummer: 
Befattning: 
Pluton: 
Kompani: 
 
Svara genom att sätta kryss i lämplig ruta.  
 
 Ja, ofta eller 

alltid  
Ja, ibland Nej, inte alls 

Har du problem med hörseln?    
Har du svårigheter att höra när många pratar samtidigt?    
Har du tinnitus ( sus, pip eller tjut i öronen)?    
Är du ljudöverkänslig?    

 
Har du under vpl tiden fått utbildning i :  
 
 Ja, men för 

omfattande 
Ja, lagom Nej/ 

Otillräckligt 
Hur hörselskador uppstår?     
Riskområden för skjutbuller?    
Användning och skötsel av hörselskydd?      
Hur man agerar vid akut hörselskada?    
 
Har du under vpl tiden: 
 
 Ofta/ många 

gånger 
Ibland/ några 
gånger 

Nej, aldrig 

Råkat ut för att vid bullrig verksamhet inte ha tillgång till 
hörselskydd? 

   

Varit utsatt för höga ljud så att du fått tjut eller pip i öronen?    
Varit utsatt för högt buller utan att använda hörselskydd?    
 
Har det hänt att de hörselskydd du använt under vpl-tiden: 
 
 Ofta/ många 

gånger 
Ibland/ några 
gånger 

Nej, aldrig 

Inte dämpat ljudet tillräckligt?    
Glipat eller läckt in ljud?    
Varit obekväma att bära?    
Omöjliggjort samtal med omgivningen?    
 
Har du sedan du ryckte in på fritiden: 
 
 Ofta/ många 

gånger 
Ibland/ några 
gånger 

Nej, aldrig 

Ägnat dig åt skytte eller jakt?      
Spelat högljudd musik i band, varit discjockey eller 
ljudtekniker? 

   

Gått på rockkonserter eller diskotek?    
Ägnat dig åt bullrande motorsport?    
Varit utsatt för högt buller utan att använda hörselskydd?    
 
 Ja Nej 
Tycker du att din hörsel försämrats sedan inryckningen?   
Tack för din medverkan! 




