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ABSTRACT

Objectives. This study aimed to investigate whether introducing a digital risk assessment tool, the
Swedish National Vibration Database, would increase the number of risk assessments on hand-arm and
whole-body vibration. Employer and safety representatives from companies where vibration exposure
is common were invited. Methods. Of the 2953 invited companies, 1916 were selected for educational
intervention and the remaining 1037 companies served as a control group with no intervention. For
the educational intervention, participating companies were further divided into two groups (group
A, n = 26; group B, n = 47) that both received information regarding risk assessment, but group B
was also informed about the digital tool. Both groups answered a questionnaire on risk assessment
before the intervention and at the follow-up, 6 months later; the control group received the same
questionnaire but no education (group C, n = 22). Results. Of the invited companies, only 2% chose
to participate and 7% at follow-up. Seventy-eight percent of the participants had made some kind of
risk assessment of vibration at follow-up. Conclusion. Due to the low participation rate among invited
companies, this study is not able to draw any conclusions on whether the digital tool can be used to
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increase the number of risk assessments.

1. Introduction

Tools and machinery, which generate vibrations, are known
to cause injuries to the hands, arms or lower back. Hand-arm
vibration (HAV) from hand-held tools and machinery (i.e.,
grinder, chipping hammer, sabre saw, chain saw) increases the
risk for hand-arm vibration syndrome (HAVS) with vascular or
neurological injuries in the hand and digits as well as mus-
culoskeletal syndromes [1,2]. Many workers who suffer from
such injuries are forced to change occupation and may experi-
ence social and leisure restrictions [3]. As implied, whole-body
vibrations (WBVs) affect the whole body and often originate
from use of vehicles or larger machinery (i.e., excavator, forklift,
wheel loader, truck), and in turn can lead to lower back pain
(LBP) and sciatica [4]. AFA Insurance [5], the Swedish organi-
zation that insures the majority of Swedish employees, states
that the most common approved cause of work-related dis-
eases, among men, are related to vibration exposure (33%).
Thus, risk prevention and training efforts for hazardous expo-
sures such as vibrations in the workplace are essential to
decrease therisk of injuries from occupational exposure [6]. For
companies within the European Union (EU) it is mandatory to
perform risk assessments regarding HAV and WBV upon use of
hand-held tools and machinery or vehicles as stated in the EU
directive on vibration [7].Itis the responsibility of the employer
to evaluate the risks from vibration exposures among employ-
ees at the company. The risk assessment consists of estimating
the daily vibration exposure level, type and duration, informa-
tion from medical checkups, information from manufacturers
of the vibrating machines, other work environment settings
that increase the risk and information on employees with ear-
lier injuries in the fingers, arms, hands or back. As part of the

risk assessment, an expert can evaluate the vibration levels for
individual workers, groups of workers or specific job activities.
It is also important to compare the vibration levels for differ-
ent models of the same machine types that the company may
purchase.

A previous report, performed on vibration-associated risk
assessment among companies in four regions of Sweden con-
ducted by the Swedish Work Environment Authority, found
that only half of the respondents had implemented the EU
directive on vibration [8]. The report also stated that 18 and
52% of the respondents never or rarely, respectively, per-
formed any vibration exposure risk assessment. This report
suggested that the lack of risk assessments was due to lack of
both knowledge of risks associated with vibrations as well as
practical difficulties of measuring vibration exposure.

The use of various technical devices in modern society has
become a natural part of the working environment [9]. In order
to reduce the risk of work-related injuries, several technical
solutions are available for assessing worker exposure to var-
ious physical health risks. For example, sound measurement
applications for smartphones can give a good indication of
whether the sound level poses a risk for hearing-related ill
health [10,11]. Other digital tools have also been shown to
have positive results for managing work-related stress and
supporting the well-being of workers [12].

The EU directive states, as part of the risk assessment, that
vibration levels can be assessed by direct measurement or by
using earlier measurements [7]. One source of earlier mea-
surements on vibration levels is the Swedish National Vibra-
tion Database (https://www.vibration.db.umu.se/app/) [13].
The database is a free online digital tool that gathers field
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and Conformité Européenne (CE)-declared (laboratory setting)
vibration levels on a number of hand-held vibrating machines
and vehicles, and can be used to assess the vibration levels for
risk assessments. It is available to the public in Swedish and
English

In the present study, the Swedish National Vibration
Database, used for risk assessment of HAV and WBY, has been
redesigned to be more user-friendly and accessible and also
available for use on multiple digital platforms. The aim was to
increase the number of risk assessments being done regard-
ing HAV and WBV in workplaces. The database has also been
updated to include HAV and WBV measurements from more
recent equipment models. Whether this will lead to anincrease
in the number of risk assessments being done is not certain,
since there is a lack of studies investigating whether digital
tools canincrease the number of risk assessments on vibration.

The present study aims to investigate whether introducing
a digital tool, in the form of the Swedish National Vibration
Database, increases the number of risk assessments regarding
vibration exposure in Sweden.

2. Method

The Swedish National Vibration Database consists of 1600
field measurements and 1800 CE-declared HAV measurements
among 120 different types of hand-held vibrating machines
and 560 WBV field measurements on 37 different types of vehi-
cles, and is available in both Swedish and English. Users can
search for HAV or WBV values and then specify the operat-
ing time for the worker for each machine or vehicle. The total
exposure value is then automatically calculated. The informa-
tion on vibration levels is used as part of a risk assessment on
vibration. The user interface has been designed with two dif-
ferent search functions. The simple search allows the user to

Vibration Database

Add machine to toolbox

search for vibration values in different categories, i.e., a spe-
cific vehicle or machine. The vibration value in the selected
category is presented as a median value, which is based on
all added values in the last 20 years. The user can then add
the selected machine or vehicle and enter the operating time
per day. Several machines and vehicles can be added for an
automatic calculation of the 8-h equivalent exposure level or
total vibration (Figure 1). The advanced search is designed in
a similar way, with the exception that the user can narrow the
search regarding the model, power supply, weight, field mea-
surement, CE values and year of measurement of a specific
machine or vehicle type.

2.1. Study design

To investigate whether a new digital vibration risk assess-
ment tool, available on multiple platforms such as smart-
phones and tablets, increases the number of risk assessments
being performed in companies with workers exposed to haz-
ardous vibration levels, this study included companies from
six different branches with a majority of workers exposed to
HAV and WBV. All companies invited to the present study
were active primarily within either the service or mainte-
nance of vehicles, gardening and forestry, manufacturing or
earth moving for construction and roads. To increase the
motivation of the different companies to participate, a ref-
erence group with employer organizations and unions from
the included industries was linked to the project. The refer-
ence group was informed on the educational intervention and
the development of a new design of the Swedish National
Vibration Database and they were encouraged to find mem-
ber companies that could be interested in participating in the
study.

Eachinvited company was encouraged to send an employer
or a representative for the employer as well as one safety
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Figure 1. Database view of user-added machines. Summary of individual exposure for each machine and the total 8-h equivalent vibration value for all tools.
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Invited companies
N =2953

Intervention group
N=1916

Companies accepted to
participate
N=143

Participants provided
from companies
N=73

Control group
N =1037

Companies accepted to
participate
N=22

Baseline Intervention group A
N =26

Baseline Intervention group B
N =47

Follow-up Intervention group A
N=6

Follow-up Intervention group B
N=11

Participants provided to
Follow-up Control group C

N=22

Figure 2. Flow chart of participants in the study and the distribution of the different intervention groups.

representative. All invited companies were further divided into
two groups (group A and group B).

Group A at baseline (Figure 2) received, free of charge, edu-
cational information regarding risk assessment and vibration
exposure by experts in legislation, vibration exposure and its
effect on health. The information was given as a 1-h lecture,
during normal work hours, on vascular, nerve injuries and mus-
culoskeletal disease from exposure to hazardous HAV, lower
back injuries from WBYV, information on the EU directive and
medical controls for employees exposed to vibrations, action
and limit values for vibration, how a risk assessment is imple-
mented by presenting how to assess vibration by measure-
ment, CE-declared vibration levels and earlier measurement
reports and databases.

Group B at baseline (Figure 2) received the same infor-
mation as group A, but was also introduced to the Swedish
National Vibration Database as a digital tool for assessing lev-
els of vibration exposure. Groups A and B, were sent a link, by
email, to a questionnaire investigating whether they had made
any risk assessments in the last 12 months or not. They could
also answer the questionnaire by paper and send their answer
by mail.

The control group (group C; Figure 2), invited at the follow-
up but not receiving any information, was used to compare
whether groups A and B showed an increased number of risk
assessments 6 months after the intervention.

Eight different regions, with varying size, across Sweden
(Stockholm, Gothenburg, Malmé, Kiruna, Géllivare, Umea, Ore-
bro, Sundsvall) were included. Companies invited to the edu-
cational intervention were contacted 2 months prior to the
educational intervention date, by either email, telephone or

letter. In total, 2953 different companies were invited to partici-
pate. Out of these, 1916 companies were selected into group A
or Baccording to region. This was done so that the information
on the digital tool was not so easily spread among companies
between regions. Group A consisted of companies from the
regions of Gillivare, Orebro, Stockholm and Malmé, and group
B from Kiruna, Umed, Sundsvall and Gothenburg.

Forty-three companies participated with one or more repre-
sentative in the educational intervention (see Figure 2). These
43 companies sent, in total, 73 participants to the educational
intervention: 26 of 73 participants were assigned to group A
and 47 participants were assigned to intervention group B.

At follow-up (Figure 2), the number of risk assessments in
groups A and B was compared to the control group (group Q).
Group C was recruited from the same branches and regions as
groups A and B. A total of 1037 companies in group C were
invited to participate, and 22 companies accepted.

At follow-up, participants in groups A, B and C were sent
a link, by email, to a follow-up questionnaire investigating
whether they had made any risk assessments in the last
6 months or not.

After 2 weeks from first contact, at both baseline and follow-
up, the companies received a reminder if they had not replied.

2.2. Questionnaire

At baseline, the questionnaire covered questions on the type
of role at the company and whether arisk assessment had been
made before participating in the study, and if so, what type of
risk assessment: individual workers, groups of workers, work
activities and purchase of vibrating machines. Risk assessment
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Figure 3. Number of participants separated by work title and industry.

on a single employee is made as an individual risk assessment.
Risk assessment can also be done on a group of workers or
specific work activities such as grinding metal, drilling in con-
crete, etc. The digital tool can also be used for risk assessment
of future purchase of machines or vehicles. For each of the
four risk assessments, there were questions on what tools they
used to assess the exposure levels of HAV. The questions inves-
tigated whether they used measurements, CE values, earlier
measurement and reports, and also whether they used the
Swedish National Vibration Database and other tools.

At follow-up, groups A, B and C answered the same ques-
tions as at baseline and also questions regarding the user
experience of the Swedish National Vibrations Database, e.g.,
whether a computer or mobile phone was used to access the
database. Furthermore, the participants answered the system
usability scale questionnaire [14,15]. The questionnaire con-
stitutes 10 statements on the user experience, using a five-
graded scale ranging from ‘I don’t agree’ to ‘I fully agree’.
The 10 statements estimate how user-friendly the evaluated
system is. Additionally, the questionnaire has two questions
using a three-graded scale regarding the amount of informa-
tion in the database (too much information, moderate amount
of information, too little information) and how the informa-
tion and text is understood (difficult to understand, moderate
difficulty to understand, easy to understand).

3. Results

Ofthe 1916 invited companies at baseline and the 1037 invited
for the control group, only 2% participated with at least one
representative. At follow-up, 7% of the invited companies were
represented. There were 18 companies with 26 participants in
group A and 25 companies with 47 participants in group B at
baseline. At follow-up, there were five companies and six par-
ticipants in group A, nine companies and 11 participants in
group B, and 22 companies and participants in group C.

The distribution of participants regarding the position of
employer, foreman or project leader were 47% (n = 34) at
baseline, 24% (n = 4) at follow-up and 57% (n = 13) among
the control group. The majority of participants at baseline and
follow-up and among the control group were from construc-
tion companies: 48% (n = 35),53% (n = 9)and 48% (n = 11),

Baseline
Follow-up

m Control

20 25 30 35 40

Number of participants (N)

respectively. At baseline, 60 men participated and 10 of them
also participated at follow-up. Twelve men participated in the
control group. Of the participants, 17% at baseline (n = 13),
41% (n = 7) at follow-up and 43% (n = 9) in the control group
were females.

Most participants, both at baseline and follow-up and
among the control group, stated that the company had made
some kind of risk assessments of vibration (78%). A more
detailed overview regarding the different types of risk assess-
ment made by the participants is presented in Table 1. The
control group made more risk assessments regarding pur-
chase of new machines compared to intervention groups A
and B. There were no risk assessment regarding groups of
workers at follow-up in group A. The least used risk assessment
was for individual workers at baseline (15-28%) and follow-
up (0-17%). The most used risk assessment both at baseline
(42-53%) and follow-up (27-50%) was assessments based on
job activities.

At follow-up there were 14 participants who had used the
digital tool: six participants in group A, four in group B and four
in group C.

4. Discussion

The aim of this study was to investigate whether a digital
tool with a new design, in the form of the Swedish National
Vibration Database, increases the number of risk assessments
regarding vibration exposure in Sweden. Among the compa-
nies that participated in the study, there was a reduction in
the number of risk assessments of any type at the time of
the follow-up. The observed differences at the follow-up for
intervention group A were regarding assessment for job activ-
ities and for intervention group B were regarding groups of
workers. Thus, the exposure assessments were mainly done
for groups of workers and not for individual workers. How-
ever, it should be noted that the study suffered from a low
participation rate (2% of the invited companies chose to par-
ticipate), hindering any reliable analyses of whether the digital
tool can be used as an instrument for increasing the number
of risk assessments among companies with workers exposed
to hazardous vibration levels.
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Table 1. Type of risk assessment performed by participants at baseline (BL) or at follow-up (FU).

Intervention group A

Intervention group B Control group C

Type of risk assessment % n N % n N % n N
Individual worker BL 15 4 26 28 13 47 - - -
FU 17 1 6 0 0 1Al 5 1 22
Group of workers BL 42 1 26 40 19 47 - - -
FU 0 0 6 45 5 1" 45 10 22
Job activities BL 42 1 26 53 25 47 - - -
FU 50 3 6 27 3 1 4 9 22
Purchase of machines BL 35 9 26 44 17 47 - - -
FU 17 1 6 9 1 1 50 1 22

Note: n = number of participants; N = total number of participants.

The use of digital tools for increasing risk awareness and
preventive measures for different physical exposures has had
some success before [16,17]. This includes an increased use of
hearing protectors by computer-tailored feedback, hazardous
occupational noise measurements via smartphones and differ-
ent tools for stress reduction [10-12]. These studies support
the idea that the Swedish National Vibration Database could
be used as a tool to facilitate and increase the number of risk
assessments.

Due to a lack of knowledge on hazardous HAV and WBYV,
an easy-to-use digital tool is warranted. A study of the Finnish
construction and metal industry found that around 40% of
the participants, consisting of occupational safety managers
and representatives, had not considered including HAV in their
risk assessment [18]. Occupational health services have sug-
gested that the lack of risk assessment among Swedish com-
panies is because companies with potential HAV exposure lack
knowledge regarding exposure measurements [8].

It has been shown that workers suffering from HAVS often
learned about the risks from vibration exposure from their co-
workers after contracting HAVS [3]. Other studies have shown
that the incitement to use anti-vibrating gloves increased if
the workers were informed of the benefits of using them by
co-workers [19]. This may indicate that co-workers may be an
important channel for educational interventions.

Other intervention studies have, however, been more suc-
cessful concerning participation compared to the present
study. Sauni et al. [18] performed a 1-year information cam-
paign to improve occupational safety managers’ and repre-
sentatives’ knowledge and management of workers exposure
to HAV and reached a participation rate of 51%. This may
be due to the fact that they cooperated with several differ-
ent unions and organizations in Finland. The present study
did cooperate with employer organizations and union rep-
resentatives for several industrial branches similar to Sauni
et al. [18]. Another possible improvement, as shown by
previous studies [16,17], would be the use of computer-
based educational intervention to increase our participation
rate.

A possible limiting factor for participation in the current
study was that the educational intervention was performed
during working hours, leading to loss of essential personnel
and a reluctance to participate. It is possible that if we had
given the option to have the intervention education during the
evening, as in Kim et al. [20], the participation rate could have
been increased. However, this would also inflict overtime costs
for the companies that, in turn, could lower the incitement to
participate in the education intervention.

There are no data on why companies did not participate
since this study did not include ethical approval to contact
non-attending companies. The functionality of the digital tool
for vibration assessment and its usability can be discussed.
However, the participating rate in the follow-up study was
rather low for all participating intervention groups and the
data do not suggest that the group being introduced to the
digital tools had higher drop-out. We could therefore not
assess the interest in the digital tool. Other reasons for the low
participation include that risk assessment had already been
performed or the participants already had knowledge of how
to do risk assessments on HAV or WBV. Over 78% of the partic-
ipants at baseline had already made some sort of risk assess-
ment and they may therefore believe it is not necessary to
perform additional risk assessment within the timespan of this
study. The low participation rate could also be due to the fact
that the invitation was sent to late to the companies and partic-
ipation could not be properly planned within the organization.
There could also be a lack of knowledge that the companies
have hazardous HAV and WBV among workers or that they
had no knowledge regarding the mandatory EU directive on
vibrations.

5. Conclusions

Digital tools may be a promising way to help with risk assess-
ments; however, due to the low participation rate in the cur-
rent study, it is not possible to make reliable analyses on
whether a digital tool can be used as an instrument for increas-
ing the number of risk assessments among companies with
workers exposed to hazardous vibration levels. There are sev-
eral improvements that can be done to increase the participa-
tion rate.
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