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Abstract: The aim of this study is to investigate symtom of neurological impairment from occu-
pational hand-arm vibration using a job exposure matrix. The result shows that paresthesia are
significantly higher amongst individuals with a cumulative occupational vibration exposure over
9.08 m/s2.
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1. Introduction

For more than 100 years, hand–arm vibration (HAV), from vibrating tools, has been
reported to cause vibration white fingers (VWF), neurosensory injury and carpal tunnel
syndrome (CTS) [1]. The prevalence of vibration-caused complications is difficult to
estimate. Approximately 440,000 individuals in Sweden spend at least 25% of their working
day using a handheld power tool [2]. This study used a job exposure matrix (JEM), a tool
which provides the quantification of exposure through proxy variables of the exposure,
such as exposure for specific occupations or length of employment. At a population level,
this provides an accurate measurement of the exposure, but is limited by not taking the
specific exposure of every individual into account more than the variables provided [3].

The aim of this study is to investigate neurological impairment in relation to HAV
exposure, using the JEM.

2. Materials and Methods

The study population consisted of 1623 cases with paresthesia and an equal number
of controls for each group. The controls were selected to match by sex, age, and county
of residence at the case diagnosis, and were assigned by Statistics Sweden (SCB) and the
National Board of Health and Welfare (SoS).

To investigate neurological impairment, we chose the diagnosis paresthesia of skin
(R20.2), according to the International Classification of Diseases (ICD 10). The cases in this
study were obtained from the National Board of Health and Welfare (SoS). One control for
each case was then assigned by Statistics Sweden (SCB), which was selected to match by
sex, age, and county of residence at the case diagnosis.

To obtain the amount of HAV exposure for every specific individual, the JEM was
used. The JEM uses the employment time and occupation to estimate the individual’s
HAV exposure. These are through occupational codes which are specific for each occupa-
tion. The JEM could also be used to calculate the HAV exposure before the diagnosis for
each individual.

Conditional logistic regression was used to calculate the odds ratio (OR) for HAV
exposure, for all cases and controls.
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3. Results

There were no significant findings regarding the OR for the prevalence of paresthesia
stratified after yearly mean exposure. The OR for paresthesia stratified after cumulative
exposure showed significance amongst total participants and men exposed to 9.08+ (m/s2),
with an OR of 1.37 (CI 1.04–1.81) and 1.4 (CI 1.02–1.9), respectively (Table 1). Regarding
women, there was a low number of those who were exposed.

Table 1. Conditional logistic regression presenting the odds ratio (OR) results for the prevalence
of paresthesia of the skin, stratified by the mean yearly daily exposure (A8) and cumulative expo-
sure (m/s2).

Exposure Gender Cases Controls OR p-Value 95% CI

Mean Yearly
Exposure
0 Total 1131 1163 1
0.01–2.5 464 433 1.11 0.20 0.94–1.31
2.5+ 28 27 1.08 0.77 0.63–1.84
0 Men 349 375 1
0.01–2.5 257 234 1.19 0.15 0.94–1.51
2.5+ 27 24 1.20 0.51 0.69–2.10

0 Women 782 788 1
0.01–2.5 207 199 1.85 0.67 0.84–1.31
2.5+ 1 3 0.34 0.35 0.04–3.24

Cumulative
Exposure
0 Total 1131 1163 1
0.01–2.03 180 196 0.94 0.60 0.76–1.17
2.04–9.07 166 148 1.18 0.19 0.92–1.50
9.08+ 146 116 1.37 0.03 1.04–1.81

0 Men 349 375 1
0.01–2.03 58 64 0.96 0.82 0.65–1.41
2.04–9.07 99 94 1.13 0.45 0.82–1.58
9.08+ 127 100 1.40 0.04 1.02–1.90

0 Women 782 788 1
0.01–2.03 122 132 0.94 0.62 0.72–1.22
2.04–9.07 67 54 1.24 0.25 0.86–1.79
9.08+ 19 16 1.21 0.59 0.61–2.40

4. Discussion

The main findings of this study are that there was a significantly higher prevalence of
paresthesia of the skin amongst all individuals in the group with cumulative work-related
HAV exposure of 9.08+ (OR 1.37, 95% CI 1.04–1.81) amongst men (OR 1.4, 95% CI 1.02–1.90).
Amongst women, on the other hand, there was not a significant difference in the prevalence.

An explanation of the neurological symptoms developed from HAV is that the repet-
itive trauma of vibration leads to microscopical tears in the nerves of the hand, and a
subsequent fibrosis of the nerve [4]. Our results shows that there was not a significant
relation between occupational HAV exposure and yearly mean exposure, which further
points toward that it is the cumulative exposure, which is of interest when developing
HAV-caused paresthesia of the skin, not the intensity of the exposure, i.e., the yearly
mean exposure.

In another study derived from the same study material as this study, but which studied
CTS relationship to vibration exposure, it was found that CTS increased with increasing
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mean yearly exposure amongst men [5]. The pathophysiology of CTS is described as
repetitive traction and compression of the median nerve, leading to obstructed venous
flow and edema [6]. An explanation of this is possibly that the pathophysiological events
of CTS are more triggered by acute trauma than the demyelination and incomplete nerve
generation, causing neuropathy.

In a Finnish study on a similar population, it was found that CTS was more prevalent
with increasing cumulative HAV exposure. The study also found that amongst the patients
with CTS, the average conduction velocity in the median nerve to the hand was significantly
slower [7]. Our findings regarding paresthesia of the skin are very similar to that study,
suggesting that this is an adequate theory explaining the neurological damage caused by
cumulative occupational HAV.

The observations from the study derived from the same material as this study and
the Finnish study regarding CTS and occupational HAV exposure stated different things.
One concluded a relationship between CTS and the mean yearly HAV exposure, and one a
relationship between CTS and cumulative HAV exposure. An explanation of this would be
that CTSs have a multifactorial pathophysiology. The acute effects of vibration, quantified
as the mean yearly HAV exposure cause damage to the structures surrounding the median
nerve. However, biopsies have shown a connection between long-term HAV exposure and
neural edema, suggesting a long-term genesis of CTS, which explains the findings in the
Finnish study [7].

The conclusion of this study is that the risk of developing neuropathy increases with
increasing cumulative HAV exposure rather than the intensity.
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