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Introduction. Industrial vibration is a common harmful effect, ranking third among physical factors after noise 
and adverse lighting conditions. The purpose of the study was to investigate the nature of industrial vibration and 
its influence on formation of occupational pathology among workers at enterprises in the Arctic. Materials and 
methods. The data of social and hygienic monitoring “Working conditions and occupational morbidity” of the 
population of the Arctic zone of Russia in 2007-2017 were studied. Research results. It was found out that vibration 
occupies 7.13% in the structure of harmful production factors, and its impact causes development of 29.9% of 
occupational diseases. General vibration, as compared to local vibration, causes development of vibration disease 
(87.8% and 61.9%, p<0.001) and radiculopathy (4.7% and 0.9%, P<0.01), and less frequently - mono-polineuropathy 
(6.0% and 22.0%) and vegetative-sensory polyneuropathy (0.4% and 14.4%, P<0.001). In 2007-2017, Arctic enterprises 
registered an excess incidence (from 2.55 to 3.80 per 10,000 workers) and vibration-related pathology risk (RR=1.49; 
CI 1.21-1.84), while in Russia as a whole there was a decrease in the incidence rate. In 99.3% of cases, exposure 
to vibration was a consequence of imperfection of technological processes and workplaces, structural defects 
of machines and equipment. Conclusions. In order to reduce the vibration-related pathology risk at the Arctic 
enterprises, it is necessary to reduce the vibration level, first of all, by improvement of technological processes and 
structural improvements of vibration-hazardous equipment.
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Introduction. In modern conditions, industrial 
vibration is one of the most common harmful 
production factors [1]. 

 In 2014-2017, within the structure of harmful 
physical factors of the work process, industrial 
vibration at the Russian enterprises ranked third 
in terms of prevalence (after noise and adverse 
conditions of workplace illumination) and second in 
terms of frequency of occupational diseases (after 
noise) [2, 3]. Hygienic standardization of industrial 
vibration is based on the criteria of human health 
under the influence of vibration. The maximum 
permissible level of vibration is a level which, during 
daily work (except for weekends), but not more 
than 40 hours a week during the whole working 
experience, should not cause diseases or deviations 
in the health condition, which are detected by 
modern methods of research in the process of work 
or in the distant terms of life of present and future 
generations [4]. 

Under the influence of industrial vibration, 
exceeding the permissible levels, numerous 
functional and morphological changes of musculo-
skeletal, nervous, cardiovascular, endocrine and 
other systems occur in the human body [5, 6, 7]. 
In Russia, the complex of the above mentioned 
pathological changes among workers of vibration-
hazardous professions is defined as a vibration 
disease - a term that is absent in most national 
classifications and the current International 
Statistical Classification of Diseases and Related 
Health Problems, 10th Revision. 

The industrial vibration action is aggravated 
by simultaneous influence of such concomitant 
occupational hazards as general and local cooling, 
a forced working posture, increased static-dynamic 
load on muscles and joints, noise and some others 
[8, 9]. It has been proven that industrial activities 
in the extreme Arctic climate, especially chronic 

cold stress, form additional threat to the working 
population health through increased exposure to 
harmful factors of production, including industrial 
vibration [10, 11, 12]. It should be understood that 
the largest mining and processing enterprises 
are located in the Arctic, the workers of which are 
most frequently and intensively exposed to the 
industrial vibration effects [13, 14, 15]. Considering 
dramatically limited labour resources of the Arctic 
region, improvement of working conditions and 
preservation of health of the working population is 
a priority and long-term political task for the state in 
the Arctic region [16, 17]. 

The purpose of the study was to investigate 
the nature of industrial vibration and its influence 
on formation of occupational pathology among 
workers at Russian Arctic enterprises.

Materials and methods. The results of the social 
and hygienic monitoring upon section “Working 
conditions and occupational morbidity” of the 
population of the Arctic zone of Russia in 2007-
2017 have been analysed (Federal Hygiene and 
Epidemiology Centre of the Federal Service for 
Supervision of Consumer Protection and Welfare, 
Federal State-Funded Healthcare Institution, 
Moscow). Statistical data processing was carried 
out using Microsoft Excel 2010 software and Epi 
Info, v. 6.04d. The Student’s t-test for independent 
samples, approval criterion, relative risk (RR) and 
95% confidence interval (CI) were determined. 
The numbers are given as an arithmetic mean 
and a standard error (M ± m). The null hypothesis 
significance level was assumed 0.05.

Results of the study. In 2007-2017, the number 
of workers exposed to industrial vibration at the 
enterprises of the Russian Arctic zone ranged from 
5.85% to 8.04% of the number of persons who had 
contact with the harmful production factors. The 
average annual value of this figure was 7.13%, less 
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prevailing than such harmful production factors as 
noise (21.5%), intensity (8.6%) and severity (8.2%) of 
the labour process, non-ionizing electromagnetic 
fields and radiation (7.3%), chemical factors (7.2%). 
As in previous years, the highest degree of exposure 
to industrial vibration was observed among workers 
of mining enterprises and iron and steel works [18, 
19, 20]. 

In view of significant differences in health 
disorders arising from exposure to general and 
local vibration [5, 21, 22], their proportion in the 
structure of the harmful production factors by 
years and types of economic activity was evaluated 
separately. It is established that in 2007-2017 in the 
Arctic region, within the structure of all harmful 
production factors, the proportion of total vibration 
was 4.55%-6.34%. Amongst the exposed to general 
vibration, there were 94.3% men and 5.7% women. 
The highest absolute number of employees was 
exposed to total vibration in 2007, and the lowest 
in 2010. The relative number of employees exposed 
to total vibration (taking into account the number 
of employees exposed to all harmful production 

factors) was maximum in 2017 and 2012 (6.34% 
and 6.17%). It is important to note that in 2017 this 
indicator was higher than in 2007. The impact 
of general vibration was most often observed 
among those employed in transport, mining 
enterprises and iron and steel works in the region. 
The trend of the number of workers exposed to 
general vibration in 2007-2017 was various. Thus, it 
decreased significantly in the mining industry, but 
increased in metallurgy, processing industry and 
construction. In view of the changes of absolute 
and relative indicators, there is reason to believe 
that there is no significant dynamics of the general 
vibration impact on employees of the enterprises 
in the Arctic for the analysed eleven-year period   
(table 1).

Тable 1
Number of employees of enterprises of various types of economic activities who were exposed to general vibration

Types of economic activities Year Average annual figures

2007 2010 2012 2014 2017

Transport  7365 5404 8345 5251 6711 6615.2 (28.1%)

Extraction of mineral resources 8448 4734 7791 4284 4664 5984.2 (25.5%)

Steelmaking industry 3495 3220 3214 4738 4977 3928.8 (16.7%)

Processing industry 1344 1116 1446 3118 3471 2099.0 (8.9%)

Electric power, water and steam 
production and distribution

2808 1930 1240 1785 1963 1945.2 (8.3%)

Construction 937 1551 1260 2219 2146 1622.6 (6.9%)

Healthcare Service 221 177 368 306 125 239.4 (1.0%)

Agriculture 196 174 204 164 192 186.0 (0.8%)

Other types of activities 1291 444 404 1047 504 738.0 (3.1%)

All types of economic activity (totally) 26878 18750 24272 22913 24753 23513.2 (100.0%)

Total vibration / all harmful production 
factors, %

5.36 4.55 6.17 5.52 6.34 5.59

The proportion of local vibration in the structure 
of all harmful production factors was 1.30%-1.86%, 
which is 3-4 times less than total vibration. The most 
frequent exposure to local vibration was observed 
among workers of mining companies, and less often 
among employees of transport enterprises and iron 
and steel works of the region. Amongst the exposed 
to local vibration, there were 90.7% men and 9.3% 
women. The dynamics of workers’ exposure to local 
and general vibration had similar features. Thus, 
the highest absolute number of employees was 

exposed to local vibration in 2007, and the lowest 
in 2010. The relative number of employees exposed 
to local vibration was the highest in 2007 and it 
exceeded the 2017 figure. 

 It is important to note that in 2007-2017 there was 
a decrease in the number of workers exposed to local 
vibration at mining and transport enterprises. In 
view of the levels of absolute and relative indicators 
in 2007 and 2017, we can talk about a decrease in 
the local vibration impact on the employees of the 
Arctic region for the analysed period (tab. 2).
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Table 2
Number of employees of enterprises of various types of economic activities who were exposed to local vibration

Types of economic activities Year Average annual figures

2007 2010 2012 2014 2017

Transport 1883 710 1947 855 817 1242.4 (18.9%)

Extraction of mineral resources 4064 1272 871 801 1184 1638.4 (24.9%)

Steelmaking industry 1138 1013 882 1169 1763 1193.0 (18.1%)

Processing industry 521 423 453 996 1134 705.4 (10.7%)

Electric power, water and steam 
production and distribution

322 274 166 350 351 292.6 (4.4%)

Construction 680 595 634 796 672 675.4 (10.3%)

Healthcare Service 485 688 565 509 441 537.6 (8.2%)

Agriculture 17 21 38 64 63 40.6 (0.6%)

Other types of activities 229 378 127 342 199 255.0 (3.9%)

All types of economic activity (totally) 9339 5374 5683 5882 6624 6580.4 (100.0%)

Local vibration / all harmful production 
factors, %

1.86 1.30 1.44 1.42 1.70 1.54

In 2007-2017, for the first time, 2,372 employees 
of enterprises in the Arctic were diagnosed with 
occupational diseases caused by exposure to 
industrial vibration. Employees of the enterprises 
of the Arctic zone of Krasnoyarsk Krai (1196 people 
or 50.4%), Murmansk Oblast (614 people or 25.9%) 
and the Komi Republic (460 people or 19.4%) 
were among the diseased. In the rest of the Arctic 
region there were only isolated cases of vibration-
related pathology: in the Chukotka Autonomous 
Okrug and the Yamalo-Nenets Autonomous 
Okrug - 42 (1.8%) and 17 (0.7%) respectively, in the 
Arctic zone of the Arkhangelsk region - 28 (1.2%), 
in the Arctic zone of the Karelian Republic and 
the Sakha Republic - 8 (0.3%) and 7 (0.3%) patients 
respectively. In the Nenets Autonomous Okrug, no 
cases of occupational diseases caused by vibration 
were registered in the period of 2007-2017.

Vibration-related pathology was diagnosed 
in the vast majority of cases (93.8%) in mining 
(1125 people), iron and steel (677 people) and 
construction (422 people) enterprises. Vibration-
related pathology from the general vibration 
impact most often occurred among drivers of 
various mining equipment (425 people), drillers 
(217 people), drivers of mine dump trucks and other 
vehicles (201 people). The group of professions 
with the highest risk of vibration pathology due to 
local vibration consists of shaftmen (486 people), 
machine operators of various mining equipment 
(290 people) and stope miners (223 people).

Among the diseased, there were 2355 (99.3%) 
men and 27 (0.7%) women, the average age of whom 
was 51.1±0.1 years old, and the work experience 
of whom was 24.2±0.1 years. The age and work 
experience of the diseased workers exposed to 
local vibration were less than that of those exposed 
to general vibration. In the work experience range 
of 11-20 years, the vibration-related pathology 

developed more often due to the local vibration 
impact, and when work experience exceeded 30 
years, the reason was general vibration.

In the structure of vibration-related pathology 
vibration disease occupied 73.4%, and among 
all professional diseases - 22.0%. Indicators of 
the vibration disease prevalence in the Arctic 
region did not differ significantly from those in 
the Murmansk region (12.55%-28.1%), exceeded 
their level in the Samara region (7.0%-18.9%), but 
was lower than in the Irkutsk region (21.1%-35.9%) 
[23, 24, 25]. It is hard to compare with the similar 
indicators of other countries, because terms “white 
finger syndrome”, “hand-arm vibration”, “low 
back pain”, which are widely used abroad, are not 
identical to the Russian term “vibration disease 
due to local or general vibration impact” [26, 27, 28]. 
Development of nervous system diseases (23.3%) 
and musculoskeletal system diseases (3.3%) was 
related to the vibration impact less frequently. 
No circulatory diseases, which are a distinctive 
manifestation of vibration disorders, were revealed 
[6, 29]. 

The nature of health disorders under the influence 
of general and local vibration had significant 
differences. Thus, health disorders related to the 
category of diseases “Injuries, intoxication and 
other consequences of external causes” more 
often arose at exposure to general vibration, and 
diseases of musculoskeletal and nervous systems 
- on exposure to local vibration. Persons, exposed 
to general vibration, most often had vibration 
disease (p<0.001) and radiculopathy (p<0.001). 
When exposed to local vibration in the structure of 
vibration-related pathology, mono-polineuropathy 
and vegetative-sensory polyneuropathy dominated 
(p<0.001) (Table 3). The occupational pathology risk 
due to the influence of local vibration was higher 
than the general risk: RR=3.91; CI 3.62-4.23; χ2=1369.4; 
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p<0.001. According to the results of periodic 
medical examinations, 1348 (56.8%) patients with 
vibration-related pathology were revealed. In 1024 

(43.2%) cases, the diagnosis was established when 
workers consulted a doctor on their own due to 
deterioration of health.

Table 3
General characteristics of patients and number of occupational diseases of vibration etiology under influence of 

general and local vibration (cases)

Indicator Industrial vibration

General Local All cases

Sex: 
men
women

1040 (99.0%)
      10 (1.0%)

1315 (99.5%)
      7 (0.5%)

2355 (99,3%)
17 (0,7%)

Age (y.o.)
Work experience (years), including
 ≤ 10 years
11– 20 years
21– 30 years
≥ 30 years

52,1±0,1
25,3±0,2
8 (0,8%)
242 (23,1%)
558 (53,1%)
241 (23,0%)

50,3±0,2*
23,3±0,2*
19 (1,4%)
410 (31,0%)*
743 (56,3%)
150 (11,3%)*

51,1±0,1
24,2±0,1
27 (1,1%)
653 (27,5%)
1301 (54,8%)
391 (16,5%)

Categories of diseases:

injuries, intoxication and some other con-sequences 
of external causes

922 (87,8%) 818 (61,9%)* 1740 (73,4%)

musculoskeletal disorders 58 (5,5%) 21 (1,6%)* 79 (3,3%)

nervous disorders 70 (6,7%) 483 (36,5%)* 553 (23,3%)

Nosological entities:

vibration disease 922 (87,8%) 818 (61,9%)* 1740 (73,4%)

mono-polyneuropathy 63 (6,0%) 291 (22,0%)* 354 (14,9%)

vegetative-sensory polyneuropathy 4 (0,4%) 190 (14,4%)* 194 (8,2%)

radiculopathy 49 (4,7%) 12 (0,9%)* 61 (2,6%)

arthrosis, periarthrosis, osteoarthritis de-formans 7 (0,7%) 4 (0,3%) 11 (0,5%)

  arm polyneuritis (polyneuropathy) 3 (0,3%) 3 (0,2%) 6 (0,3%)

internal epicondylitis 2 (0,2%) 1 (0,07%) 3 (0,1%)

forearm myofibrosis - 2 (0,2%) 2 (0,08%)

degenerative disk disorder - 1 (0,07%) 1 (0,04%)

Note * statistically significant differences of indicators (p<0.05) on exposure to general and local vibration

Under the harmful working conditions of classes 
3.1-3.2), vibration-related pathology was more 
often caused by general vibration, and under the 
hazardous working conditions (classes 3.3-3.4) 
the most common reason for development of 
occupational pathology was local vibration. The 
revealed rare cases of vibration-related pathology 
development at permissible levels of industrial 
vibration (0.7%) call for individual hypersensitivity, 
which may have both congenital and evoked 
(vascular diseases, consequences of cold injury, 
etc.) character [5, 6]. Almost in all cases (99.3%) 
the exposure to unacceptable levels of industrial 
vibration at the enterprises in the Arctic was a 

consequence of imperfection of technological 
processes, structural defects of machines and other 
equipment, as well as imperfection of workplaces. 
Unacceptable levels of general vibration were more 
often conditioned by imperfection of technological 
processes and workplaces, and by local structural 
defects of machines, mechanisms, equipment, 
devices and tools. Only in one case the development 
of vibration pathology was related to the so-called 
“human factor” (violation of the established work 
and rest schedule), which emphasizes importance 
of technological retrofit of the industry in the Arctic 
region (Table 4).
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In 2007-2017, there was an increase in the number 
of cases and morbidity of occupational pathology 
of vibrational genesis at Arctic enterprises, while 
nationwide we have observed their decrease 
recently [2, 3]. The number of newly detected cases 
varied from 154 (2007) to 329 (2015). The proportion 
of vibrational pathology in the total structure of 
occupational diseases was in the range from 24.4% 
(2013) to 38.0% (2015), making an average of 29.9% 
and having a rising trend. From 2007 to 2017, the 
proportion of vibration disease in the structure of 
vibration pathology increased from 48.1% to 95.1% 
(an exponentially rising trend). 

In 2017, as compared to 2007, there was a 
negative trend due to an increase in the number of 

Table 4
Number of occupational diseases of vibration etiology in different classes of

working conditions and circumstances of their development (cases)

Indicator Industrial vibration

General Local All cases

Class of working conditions: 

Class 2 6 (0,6%) 11 (0,8%) 17 (0,7%)

class 3.1 286 (27,2%) 160(12,1%)* 446 (18,8%)

class 3.2 637(60,7%) 362(27,4%)* 999 (42,1%)

class 3.3 110(10,5%) 438(33,1%)* 548 (23,1%)

class 3.4 8 (0,8%) 254(19,2%)* 262 (11,0%)

class 4 3 (0,3%) 97 (7,3%)* 100 (4,2%)

Circumstances of occupational pathology 
development 

technological process imperfection 669(63,7%) 643 (48,6%)* 1312 (55,3%)

design defects of machinery, mechanisms, 
equipment, devices and tools

243(23,1%) 612 (46,3%)* 855 (36,0%)

imperfection of workplaces 132(12,6%) 57 (4,3%)* 189 (8,0%)

malfunctioning of machinery, mechanisms, 
equipment, devices and tools

3 (0,3%) 9 (0,7%) 12 (0,5%)

imperfection of technical medical equipment 3 (0,3%) - 3 (0,1%)

violation of the established work and rest schedule 1 (0,1%) - 1 (0,04%)

Note * statistically significant differences of indicators (p<0.05) on exposure to general and local vibration.

cases of vibration-related pathology (by 1.33 times), 
an increase in its incidence (from 2.55 to 3.80 per 
10,000 employees) and a higher risk of development 
(OP=1.49; CI 1.21-1.84; χ2=14.2; p=0.00016). It is 
also necessary to note a steep increase in the 
prevalence of vibration disease - a nosological 
form of vibration-related pathology with the most 
unfavourable clinical prediction. Changes in the 
number of all newly detected nosological forms of 
occupational pathology differed from the vibration-
related pathology dynamics by the fact that in the 
first case, in 2010-2013, there was an increase in 
morbidity rate, and in the second case we observed 
its stabilization (Fig.). 
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Figure. The number of newly diagnosed vibration diseases, vibration-related pathology and all occupational 
diseases in the Arctic in 2007-2017.

between changes in working conditions and levels 
of occupational diseases. By no means has this 
fact downplayed the importance of production 
measures to reduce the level of industrial vibration 
and improve anti-vibration personal protective 
equipment.

Conclusion:  Almost 30% of the occupational 
diseases in the Arctic are caused by the industrial 
vibration impact. Over the past eleven years, their 
number, morbidity rates and risk of incidence 
have tended to grow. To prevent vibration-related 
pathology, it is necessaryto improve vibration-
hazardous equipment and technological processes, 
as well as to introduce effective anti-vibration 
personal protective equipment. 

As a result of these studies, no cause-and-effect 
relations were established between changes in 
working conditions and frequency of detection of 
incipient cases of vibration-related pathology. Their 
growth and reduction occurred regardless of the 
dynamics of workers' exposure to general and local 
vibration. Difficulty of detection of such relations 
is known both because of  a time lag between the 
two phenomena, and simultaneous action of many 
other factors, including therapeutic and preventive 
measures, quality of medical examinations, work 
motivation, administrative resources of employers 
to control the indicators of occupational diseases 
and others [30]. At the moment, we can particularly 
note that the eleven-year observation period is not 
sufficient to establish a cause-and-effect relation 
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