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Abstract
Objectives: This cross-sectional questionnaire study was carried out at 4 open-pit mines in Finland, Norway, Russia and Sweden 
as part of the MineHealth project. The aim has been to compare the prevalence of musculoskeletal symptoms between drivers of 
mining vehicles and non-drivers. Material and Methods: The mine workers were asked whether they had suffered from any mus-
culoskeletal symptoms during the previous 12 months in specified body regions, and to grade the severity of these symptoms dur-
ing the past month. They were also asked about their daily driving of mining vehicles. Results: The questionnaire was completed 
by 1323 workers (757 vehicle drivers) and the reported prevalence and severity of symptoms were highest for the lower back, 
followed by pain in the neck, shoulder and upper back. Drivers in the Nordic mines reported fewer symptoms than non-drivers, 
while for Russian mine workers the results were the opposite of that. The daily driving of mining vehicles had no significant 
association with the risk of symptoms. Female drivers indicated a higher prevalence of symptoms as compared to male drivers. 
Conclusions: The study provided only weak support for the hypothesis that drivers of vehicles reported a higher prevalence of 
musculoskeletal symptoms than non-vehicle drivers. There were marked differences in the prevalence of symptoms among work-
ers in various enterprises, even though the nature of the job tasks was similar. Int J Occup Med Environ Health 2017;30(4)
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between the  latitudes of 67°N and 71°N. At the mines in 
Finland, Russia and Sweden, mining operations con-
tinue throughout the  year, while at the  mine in Norway 
there is no activity in the  open pit during the  winter pe-
riod. The total number of employees at the various mines 
was around  4400  (in Finland approx.  200, in Norway ap-
prox. 110, in Russia approx. 3500, in Sweden approx. 600). 
The group of mine workers included in the study represents 
all the different occupations at the mines in question, with 
the main groups being vehicle drivers, mechanics, electri-
cians and foremen. In the mines there are typical mine vehi-
cle used like haul trucks, drilling rigs, wheel loaders, excava-
tors, dozers, graders and transport cars. The mine vehicles 
are comparable among the mines, even though they repre-
sent different manufacturers, models, and capacity.
The study participants completed a questionnaire that had 
been developed as a part of the MineHealth project [20] and 
translated into each country’s native language. The ques-
tionnaire [21] was based on the Nordic questionnaire [22], 
the VIBRISKS (Risks of Occupational Vibration Injuries) 
questionnaire  [23] and the “Workers’ Health 2010” ques-
tionnaire [17]. The questionnaire covered basic information 
such as age, sex, weight, height and smoking. It also covered 
workers’ personal, work and health experiences. The mine 
workers were asked “if they had suffered from any musculo-
skeletal symptoms, including ache, pain or discomfort dur-
ing the previous 12 months” in the body regions, and were 
given the alternatives of “yes” or “no.” The mine workers 
were also asked “to grade the severity of the symptoms” in 
the regions of the body where they had experienced symp-
toms during the past month on a  category scale of none, 
mild, moderate, severe and extreme. Stress was measured 
using the  question: “Stress means a  situation in which 
a person feels tense, restless, nervous or anxious or is un-
able to sleep at night because a person’s mind is troubled 
all the time. Have you felt this kind of stress during the last 
month on a scale of: not at all, only a little, somewhat, rath-
er a  lot, a great deal?”  [24]. The mine workers were also 

INTRODUCTION
Long-term occupational exposure to whole-body vibra-
tion (WBV) is associated with an increased prevalence of 
self-reported musculoskeletal symptoms, especially low 
back pain (LBP) [1–3]. The contribution of WBV to those 
health problems is not fully understood, and it appears that 
the occurrence and severity of musculoskeletal symptoms 
is influenced by several factors, such as the nature of ex-
posure to vibration, type of machinery and work process, 
environmental conditions, and biodynamic and ergonomic 
factors [4–6]. A number of individual characteristics, such 
as age and smoking [7], height and weight [8] and mental 
stress  [9], have also been associated with musculoskeletal 
symptoms. Operators of vehicles used in mining opera-
tions are exposed to considerable  WBV during relatively 
long work periods  [10–15]. Studies have also shown that 
the prevalence of self-reported musculoskeletal symptoms 
is higher among drivers of mine vehicles than among non-
exposed workers [16,17]. In recent years it has become more 
common for females to be employed in the mining indus-
try. However, there is a lack of information on the health 
risks posed by  WBV among female workers  [18]. More-
over, there is a lack of studies comparing the levels of self-
reported musculoskeletal symptoms among WBV-exposed 
populations at various mines and countries, and above all at 
mines situated in the Barents region.
The aim of this study has been to compare the prevalence 
and severity of musculoskeletal symptoms among drivers 
of mining vehicles with non-drivers in a  study group of 
male and female mine workers in the Barents region.

MATERIAL AND METHODS
This cross-sectional study was carried out at  4  open-pit 
mines in Finland, Norway, Russia and Sweden over the pe-
riod from November 2012 to November 2013. The mines 
were located in the Finnish Lapland, Finnmark County in 
Norway, Kola Peninsula in Russia and in the Swedish Lap-
land [19]. All the mines are located in the Barents region 
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The corresponding proportion that reported stress levels 
above “only a little” varied from 16% in Russia to 42% in 
Finland. Female mine workers were younger than male 
mine workers and reported a higher percentage of stress 
above “only a little” than male mine workers.
The prevalence of reported symptoms during the  previ-
ous  12  months in the  specific body regions is shown in 
the Table 2, grouped by mine and gender. The table also 
shows the  prevalence of answers above “substantial in-
tensity” with regard to the  severity of the  symptoms in 
the same body regions during the past month.
The 12-month prevalence of symptoms in the specific body 
regions varied between 13% and 49% for all mine workers. 
The  corresponding  1-month prevalence of substantial se-
verity of symptoms was found to be between 8% and 28%. 
The results also show that there were some differences in 
the occurrence of the ratings between mines and genders for 
both the 12-month prevalence of symptoms and the severity 
of symptoms during the past month. For instance, the pro-
portion of those reporting LBP varied from 43% in Russia 
to 67% in Norway. In general, there was a lower occurrence 
and less severity of symptoms among Russian mine workers 
than among the mine workers from the other mines. Male 
mine workers reported a significantly lower occurrence of 
symptoms during the previous 12 months as compared to 
female mine workers (0.01 < p < 0.02) for all body regions 
except for the  elbow. The  corresponding  1-month preva-
lence of substantial severity of symptoms among females 
was also found to be significantly higher (0.01 < p < 0.02) 
for the neck, shoulder, lower back and hip.

Drivers of vehicles vs. non drivers
The number of workers using a vehicle was 757 (male: 692, 
female:  65) and the  mean exposure time per day 
was  7.5  h  (standard deviation  (SD)  =  3.6, min.  = 0.1, 
max = 12). The Russian mine vehicles drivers had a sig-
nificantly (p  <  0.01) longer exposure time than Nordic 
drivers (8.9  h  vs.  5.1  h). In general, males had a  longer 

asked about their work shift schedules and daily driving in 
terms of hours and various types of mining vehicles, such as 
load haul trucks, haul trucks, drilling rigs, wheel loaders and 
excavators. The study was approved by the regional com-
mittees for medical research in each of the countries.
All calculations were performed using the  statistical pro-
gram SPSS v. 23 (IBM Corp, 2015). The information about 
the  mine workers’ shift schedules was used for calculating 
the  individual mean daily hours spent driving a mining ve-
hicle. The questions regarding the severity of the symptoms 
associated with work during the past month were dichoto-
mized, with the  first  2  answers considered to be low and 
the other 3 answers considered to be of substantial intensity. 
The same categorization was made for the question related 
to stress. The used definition for “driver of mining vehicle” 
was that the mine worker should have reported daily driving 
for more than 5 min. All other workers were regarded as non-
drivers. The daily use of a vehicle was divided into short and 
long daily exposure times based on the median value for each 
mine. The binary logistic-regression analysis was used for an-
alyzing any associations (odds ratio (OR) between subjective 
reported symptoms and the use of a mining vehicle. An OR 
greater than 1 indicates a higher risk in the exposed group as 
compared to the unexposed group. In the analyses, the male 
mine workers in Finland, Norway and Sweden were grouped 
together as Nordic mine workers. The analysis also consid-
ered male and female workers separately, with the gender 
difference in symptoms analyzed by an independent t-test.

RESULTS
The questionnaire was completed by  1323  workers who 
had agreed to participate. The characteristics of the work-
ers in the different mines are given in the Table 1.
The mean age of participating mine workers was 40 years 
old  (Table  1), and  57%  of the  workers were drivers of 
various mining vehicles, with the mean daily driving time 
of about  4.3  h. The  proportion of those who reported 
smoking varied from  14%  in Sweden to  46%  in Russia. 
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for the 192 haul truck drivers (male Nordic (N = 51), male 
Russian (N = 107), female Nordic (N = 34)).
For workers in the  Nordic mines  – both males and fe-
males – there is a  slight tendency for drivers of vehicles 
to report fewer symptoms than non-drivers. In the case of 
the Russian mine workers (male only), the results seem to 
be the other way round. For drivers of haul trucks, the oc-
currence and severity of symptoms are in general lower 
than for other groups of drivers.
Detailed results of the  statistical analyses of the  occur-
rence and severity of symptoms are given in the Table 4. 

exposure time as compared to females  (7.6  h  vs.  5.5  h, 
p  <  0.01). When comparing only Nordic mine workers, 
female drivers had a  slightly longer exposure time than 
males (5.5 h vs. 5 h, p = 0.16).
The prevalence of symptoms during the previous 12 months 
in the specific body regions is summarized in the Table 3 for 
drivers of vehicles as compared to non-drivers. The table also 
shows the prevalence of answers for substantial severity of 
the symptoms in the same body regions during the past month. 
The results are also divided in terms of male and female mine 
workers. The table also gives the corresponding information 

Table 2. Prevalence of symptoms in the specific body regions among the studied mine workers in Finland, Norway, Russia 
and Sweden, 2012–2013

Occurrence of symptoms

Respondents
[%]

total Finland Norway Russia Sweden Nordic  
males

Nordic 
females

During the previous 12 months
neck 40 59 55 31 59 52 78
shoulder 34 62 50 23 56 50 80
elbow 18 18 20 19 13 17 17
wrist/hand 20 35 32 15 25 30 33
upper back 34 32 34 35 32 27 50
lower back 49 59 67 43 66 60 74
hip 12 15 30 8 22 16 36
knee 26 38 46 20 33 37 42
ankle/foot 13 21 23 11 12 18 21

Of substantial intensity during 
the previous month
neck 23 23 38 19 34 26 41
shoulder 20 26 37 15 29 25 41
elbow* 8 7 13 7 8 11
wrist/hand 12 10 17 12 12 12 14
upper back* 26 33 25 19 24 34
lower back 28 14 49 27 35 27 37
hip* 11 6 18 13 7 22
knee 17 20 26 15 23 23 21
ankle/foot 9 8 15 9 6 9 6

* Question not asked in Russia.
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workers in the study was the restriction placed on female 
workers; Russian labor legislation stipulating that female 
workers are not allowed to perform hard work or work 
in harmful or dangerous conditions  [25]. In the Russian 
mine, female workers (about 10% of the total number of 
employees) are therefore employed in other occupations 
than mine work  [17] and these occupations were not in-
vited to take part in the study.
The results of the  study have provided only weak sup-
port for the hypothesis that drivers of vehicles experience 
more musculoskeletal symptoms than non-drivers. If driv-
ing a vehicle is assumed to be a valid indicator of expo-
sure to WBV, one conclusion would be that WBV might 
not increase the risk of developing symptoms or increase 
the severity of musculoskeletal symptoms. This conclusion 
is supported to some small extent by the comparison be-
tween short and long exposure times, which indicates only 
an insignificant tendency towards an exposure-response 
relationship. The differences in work load between the ex-
posed and non-exposed groups may be considerable at 
times, though no attempts have been made to control for 
such differences by taking into account various influencing 
and ergonomically confounding factors.
Several studies have reported a higher incidence of mus-
culoskeletal symptoms among female drivers as compared 
to male drivers  [26–28]. The  same tendency has been 
found in this study, even within the same profession where 
workers have exactly the  same duties, such as drivers of 
load haul trucks. The  reasons for gender differences in 
reported symptoms have been extensively discussed, and 
Fillingim et al. [29] have concluded that the scientific find-
ings from studies of musculoskeletal symptoms indicate 
that, regardless of site or time frame, females are con-
sistently more likely to report musculoskeletal symptoms 
than males, though these differences may be less consis-
tent in the case of LBP. However, the comparison between 
female and male drivers which has indicated a significant 
increase in the adjusted OR for the shoulder, elbow, upper 

The  table also shows the  relation to the  outcomes for 
short  (N = 313) and long exposure times (N = 444), as 
well as for Nordic male (N = 218) and female (N = 65) 
drivers of vehicles.
The results show small differences in the  crude and ad-
justed  OR for the  outcomes, occurrence and severity of 
symptoms, in comparison to drivers of vehicles and non-
drivers. In the  case of drivers of vehicles, the  results in-
dicate an increased  OR for all body regions except for 
the upper back, hip and ankle, although this is not always 
significant. Separate analyses of Nordic and Russian male 
mine workers show that the only significantly higher ORs 
for some body regions that could be identified are among 
Russian mine workers when comparing drivers of vehicles 
to non-drivers. In the case of female mine workers, no in-
crease in ORs due to the use of a vehicle could be found. 
The  calculation between long and short daily exposure 
times indicates an increased OR for longer exposure time, 
although this is not significant. The comparison between 
Nordic female and male drivers indicates a significant in-
crease in OR for the shoulder, elbow, upper back and hip 
among females.

DISCUSSION
In our cross-sectional survey of mine workers in the Ba
rents area, the  reported prevalence of symptoms during 
the  previous  12  months was highest for the  lower back, 
with a prevalence of 49%. The second most common was 
pain in the neck (40%), followed by shoulder (34%) and 
upper back (34%). A similar pattern was found for the se-
verity of symptoms during the  past month. The  popula-
tions investigated were more or less comparable in terms 
of mean age, height and weight. However, there were some 
pronounced differences between the  mines in reported 
smoking habits and the  reported levels of stress. There 
were also pronounced differences between the  mines in 
terms of vehicle use and the mean time spent driving a ve-
hicle. The reason for the absence of Russian female mine 
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from the outdoor climate while in the cabin, and the time 
they spend outdoors using protective clothing is limited.
Our results also show marked differences in the symptom 
prevalence between Nordic and Russian mine workers. In 
general, mine workers in the Nordic mines have the high-
est period prevalence of symptoms as well as severity of 
symptoms, while Russian mine workers have the  lowest. 
The same pattern has also been found for well-defined oc-
cupations such as drivers of load haul trucks, who basically 
run the same types of machines in all the mines. This in-
crease in prevalence, which is sometimes almost two-fold, 
is difficult to explain since both methodological (the po-
tential for bias in worker recruitment and sample selection 
between different enterprises, in particular) and real and 
changeable causes are plausible [7].
There may be a language bias because symptoms are un-
derstood differently in different languages and cultures. 
Thus, despite the  care we took, in translation the  term 
“symptoms” may not have meant the same to all the par-
ticipants in our study. The  method of translation of 
the English – written questionnaire into the various native 
languages has not been standardized, involving 2 or more 
independent translators familiar with the terminology of 
the  questionnaire. One argument for why the language 
bias might not have influenced the results is that the prev-
alence of self-reported complaints in the  elbow and up-
per back is much the same in all the mines. In addition, 
cultural differences in terms of the threshold of reporting 
symptoms and in viewing the stigma of disease may have 
been a  source of bias. However, these results have not 
been compared to the  outcome of the  clinical examina-
tions carried out in the mines. Therefore, we do not think 
that the  observed differences in reported symptoms can 
be explained simply by divergences in the understanding 
of the questions.
Bias might also have arisen through differential healthy 
worker selection  [31]. If individuals with musculoskel-
etal disorders had been removed from some occupational 

back and hip for females could also be interpreted as an 
impact resulting from the design of the  vehicle environ-
ments which perhaps are more suited to a male physical 
frame. This could result in a higher work load for female 
drivers as compared to male drivers although they have 
the same occupation and the same working task, too.
Mining in the  Barents region is influenced by its char-
acteristic environmental conditions, such as major fluc-
tuations in temperature, with cold, snowy winters and 
warm, light summers. It has already been pointed out that 
working in a  cold climate is a  factor that may cause an 
increase in musculoskeletal symptoms  [30]. In our study 
we have observed that the  most prevalent body site for 
musculoskeletal symptoms has been the low back, and this 
has affected 51% of drivers of mining vehicles who have 
reported occurrence of the  symptoms over  12  months 
(Russian males  – 46%, Nordic males  – 56%, Nordic fe-
males  – 73%). Although the  results of previous studies 
of mining vehicles drivers are scarce, Bovenzi et al.  [18] 
have reported a 58% prevalence of 12-month LBP among 
mine workers in marble quarries in Italy, and Mandal 
and Srivastava [16] have reported a corresponding figure 
of 85% for LBP among Indian dumper operators.
In the  case of female mining vehicle drivers, no previ-
ous studies have been conducted that have reported on 
the  prevalence of musculoskeletal symptoms. A  review 
of the  available literature has shown that the  range of 
the  prevalence of musculoskeletal disorders affecting 
the  lower back among drivers of different vehicles var-
ies widely, from 30% to 85%, between the studies carried 
out [1,2]. The discrepancies between the studies of profes-
sional drivers might be due to differences in the design of 
the study, the characteristics of the study populations and 
the  definition of  LBP outcomes. Our results, therefore, 
do not provide any evidence to suggest an association be-
tween drivers working in a cold climate and an increased 
risk of musculoskeletal complaints. One important reason 
may be that drivers of vehicles are normally protected 
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and it may be that these factors have had a greater influ-
ence on musculoskeletal symptoms than the investigated 
exposure to WBV has had.

CONCLUSIONS
Overall, our findings have provided only weak support 
for the hypothesis that drivers of vehicles report a higher 
prevalence of musculoskeletal symptoms in the  specific 
body regions than non-vehicle drivers do. There has also 
been only an insignificant tendency towards an exposure-
response relationship. Another finding is that there have 
been marked differences in the prevalence of symptoms 
between different enterprises, even though the  nature 
of the job task has been similar. Adjustment to personal 
factors could not explain the differences between Nordic 
and Russian mine workers. Female drivers in general have 
had a higher prevalence of musculoskeletal complaints in 
some body regions as compared to male drivers.
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