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A large British survey is being conducted to identify sources of occupational exposure
to hand-transmitted and whole-body vibration, and to estimate the approximate extent of
such exposures and their health effects. The principal information on exposures and
morbidity will be derived from responses to a postal questionnaire specially developed by
the Medical Research Council and the Institute of Sound and Vibration Research,
Southampton University. In this paper some of the underlying considerations are described
and the iterative process of consultation, refinement and field testing employed in the
questionnaire’s development. The questionnaire is fully documented in an accompanying
appendix.

7 1998 Academic Press

1. INTRODUCTION

The last British survey of occupational exposure to vibration, which was undertaken more
than a decade ago, concerned exposures to hand-transmitted vibration (HTV). Selected
visits were made to workplaces registered with the Health and Safety Executive (HSE),
and exposure histories of workers were obtained by proxy, by questioning their managers.
No attempt was made at the time to measure workplace exposures directly, or to obtain
information on health complaints. However, it was estimated that more than 400 000
workers were regularly exposed to the potentially injurious effects of HTV [1].

No comparable national survey has ever been conducted on occupational exposures to
whole-body vibration (WBV) in Britain, but one such study is now underway. The Medical
Research Council (MRC) and Institute of Sound and Vibration Research (ISVR),
Southampton University are undertaking a further investigation on behalf of HSE, aimed
at obtaining a contemporary estimate of the size and health impact of occupational
exposures to vibration, including WBV as well as HTV. The study’s principal aims are:
to estimate the number of workers in Great Britain employed in processes that entail
significant exposure to HTV and WBV; to identify the occupations and the industrial
sectors where the exposures arise; to estimate the approximate extent of these exposures
in occupations and industries where exposure is likely to be significant; and to identify the
tools, machines and vehicles that give rise to exposure. One important facet of the survey
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involves identifying unsuspected pockets of exposure; another involves estimating the
prevalence and prevalence rate ratios for symptoms attributable to HTV and WBV, by
occupation and industry, thus providing an insight into those exposures most likely to
matter in terms of health.

The MRC–ISVR study will collect information on exposure to vibration and symptom
prevalences from the community. A postal questionnaire is being mailed to 22 000
working-aged adults selected from the registration lists of family doctors in England, Wales
and Scotland. Subjects will be classified by occupation and industry, and prevalence
estimates for the national population will be derived from national census information on
occupational frequencies [2].

The study questionnaire was developed over a nine month period by an iterative process
of consultation, refinement and field testing. The process, the issues that were raised, and
the end result are documented in this paper.

2. OBJECTIVE

The objective was to develop a postal questionnaire suitable to assess community
exposures to HTV and WBV and their associated health effects.

3. METHODS

The questionnaire was developed within a multidisciplinary team of two occupational
epidemiologists, an occupational hygienist, and two vibration specialists. The broad
components of the questionnaire were first identified, and were closely dictated by the aims
of the study. They included occupational history, exposures to HTV and WBV (sources
and extent), relevant health outcomes, and potential confounders of associations with these
outcomes. More particularly, a deliberate decision was taken to focus on contemporary
exposures (particularly those within the week preceding completion of the questionnaire),
rather than lifetime work histories; and to include exposures arising from second jobs and
leisure-time pursuits. The principal health outcomes selected for investigation were:
Raynaud’s phenomenon, sensorineural complaints of the upper limbs, musculoskeletal
complaints of the upper limbs, low back pain, noise-induced hearing loss and tinnitus.

A panel of health questions was selected from existing models used in other settings.
The Nordic questionnaire [3] is a validated, repeatable questionnaire, widely used in
surveys of musculoskeletal complaint; while questions on low back pain [4], finger
blanching [5] and hearing impairment [6] have all been used and validated in earlier MRC
community surveys. These questions permit an assessment of the severity and frequency
of symptoms, and the extent to which they interfere with work and leisure. ‘‘Dummy’’
health outcome questions (pain reports at sites other than those of principal interest, such
as hip and knee pain in subjects with HTV exposure) were also included to help assess
potential reporting biases; and questions about headaches, tiredness, low spirits and
feelings of stress, to ascertain possible psychological risk factors for complaint.

No widely accepted or validated questionnaire could be found for assessing exposure
to vibration, and most effort was expended in this area. A preliminary list of exposure
sources was drawn up, based on tools identified by CEN/TC 231/WG2 as requiring type
testing, and a literature review by the Institute of Sound and Vibration Research. The
researchers then invited comment on notable omissions and errors, and received responses
from 10 HSE specialist and principal inspectors, 12 members of a working group on HTV
at the Royal College of Physicians Faculty of Occupational Medicine, UK [7], and 12
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trades unions and trade associations representing relevant occupational groups. All sources
of information were collated and used to identify a list of named tools and vehicles that
might be considered for inclusion.

These processes identified 151 descriptions of sources of HTV and 64 descriptions of
sources of WBV (see Table 1). Overlapping and synonymous descriptors were aggregated
as far as possible to abbreviate the list. (Thus, for example, it was considered justifiable
to replace the four items ‘‘riveting hammer’’, ‘‘riveting bolster’’, ‘‘riveting tool’’ and
‘‘bucking bar’’ with one item called ‘‘riveting hammer or dolly’’.) However, the shortened
list was still considered too long for all of its items to be included in a postal questionnaire.
The final selection, of 38 HTV categories and 26 WBV categories, was made qualitatively
from the short list, consideration having been given to the frequency with which tools and
machines were identified by the consultees and sources, the degree of overlap between
descriptors, and existing ideas about the frequency of use in the community. (The items
that were selected are marked in the final column of Table 1).

The process of assembling the exposure list highlighted an important area of difficulty:
a comprehensive list of exposure sources, though desirable, was incompatible with the
requirements (comprehensibility and brevity) of a self-completed postal questionnaire. The
variety of tools, vehicles and machines was too wide; and this difficulty was compounded
by the variety of uses to which apparently similar tools, vehicles and machines were put
in different occupations and industries, and the thousands of synonyms by which exposure
sources were described and recognized by workers. Whichever the choices made, it seemed
unlikely that any list would cover all possible patterns of response. So, to cover omissions
and failures of recognition, an open section was provided in which respondents were
permitted to record other sources of exposure in their own words.

The precise wording and ordering of exposure questions underwent several revisions
prior to field testing. The panel was concerned that workers’ perceptions of relevant
exposure thresholds and intervals might be inappropriate. For example, the magnitude of
vibration recognized as ‘‘vibrating’’ or ‘‘shaking’’ the hands or body could be higher than
the biologically relevant threshold; workers might have difficulty distinguishing relevant
exposure windows, such as hand-tool contact time or time with a vehicle’s engine running,
from the total time taken to complete a task; and could fail to recognize circumstances
where the principal exposure arose through contact with an article being worked, rather
than from direct contact with the machine that was the source of vibration. These concerns
were addressed in various ways. In the closed section on exposure sources, the element of
judgement on relevant exposures was eliminated by enquiring not about vibration, shaking
or jolting, but about ‘‘use’’ of specified tools or machines (HTV), or ‘‘driving/riding/stand-
ing’’ on specified machines, vehicles or platforms (WBV) in the previous week. Where most
confusion was anticipated concerning threshold or route of exposure, the tools or WBV
environments were deliberately placed in this section. Finally, in all questions concerning
exposure durations, it was emphasised that the time interval of interest was the time ‘‘with
the tool switched on and held’’ (HTV), or the time that ‘‘the engine was running or power
on’’ (WBV).

The draft questionnaire was evaluated for a sample of workers from occupations and
industries with likely exposure to a variety of sources of HTV and WBV. Responses were
evaluated to ascertain their completeness, and to identify the questions that most often
led to default. Interviews were conducted with a small subset of respondents to determine
the time taken to complete the questionnaire and to test understanding of the questions.
Further discussions and consultation with a third vibration specialist led to some
refinements and two further rounds of field testing, consultation and amendment, as
described below.
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4. RESULTS

Altogether the questionnaire was tested in 116 workers (98 men and 18 women aged
20–60 years) from a variety of industries, including a foundry workshop (17 subjects), the
subassembly department of a company manufacturing radiators and heating appliances
(38 subjects), the works department of a hospital (10 subjects), the highways maintenance
department of a local authority (22 subjects), and the fabrication and product development
departments at a shipbuilder’s yard (29 subjects). The departments were chosen to include
workers known in the main to have exposure (83 respondents had been exposed to HTV
in the previous week, and 40 to WBV), but also included a small group of white collar
workers (ten) with no prior exposure history. Occupations represented in the sample
included fettlers, die casters, moulders, furnacemen, machinists, assemblers and packers,
electricians and engineers, carpenters, plumbers, fitters, turners, gardeners and
groundsmen, road workers, metal fabricators, shipwrights, and heavy goods vehicle and
lift truck drivers. A wide range of exposures were reported by pilot participants,
encompassing 28 of the 38 tool families subsequently included in the final questionnaire,
and 11 of the 26 exposure sources finally selected for the whole body section. Twelve
workers were later interviewed to identify particular difficulties encountered in completing
the questionnaire.

Fifty per cent of the questions remained unaltered throughout the test period; and a
further 42% were changed in layout, wording or emphasis, but not in substance between
the first and last rounds of testing.

However, several significant changes were made. The open section on sources of
exposure was used by some 56% of respondents in the first round of piloting, so more
space was allocated to it in revision, and respondents were asked to identify the relevant
task, as an aid to interpretation of responses. The questions on exposure duration also
underwent revision. Initially, banded estimates of weekly exposure times (‘‘less than an
hour per week’’, ‘‘1–4 hours per week’’, etc.) were employed, but it was discovered, when
respondents were later interviewed, that several had confused daily with weekly time
estimates. The approach was considered to have other undesirable properties—in
particular it led to estimates in multiple tool users that could not readily be combined to
produce an overall estimate of personal daily exposure (A8), and involved making a priori
assumptions about the most appropriate bandings. So, banded time estimates were
replaced with a request to estimate weekly exposure times on a continuous scale (in ‘‘hours
and/or minutes over the whole week’’). Finally, the questions on duration and seasonal
pattern of exposure were simplified, some of those on past exposure were removed, and
the layout and directions of several sections of the questionnaire were strengthened.

These changes markedly enhanced the completeness of returns: in the first round of
piloting the key questions (occupation, industry, exposure in the previous week and health
outcomes) were completed in all particulars by only 40% of respondents, but this had
improved to 88% in the final version, which is reproduced for information in the appendix
that follows.

An occupational hygienist compared the exposure responses with his knowledge of the
industries and their likely exposure sources, and considered them reasonable. However,
a more formal evaluation of workers’ ability to estimate weekly exposure times is planned,
including direct observation and measurement in a sample of employees who complete the
exposure section of the questionnaire.

5. CONCLUSIONS

The pilot sample was chosen to include a cross-section of workers considered
qualitatively to be representative of those most likely to complete the exposure section of
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the principal study. It included a high proportion of workers from manual occupations
with recent occupational exposure to HTV and WBV, and highlighted a number of areas
capable of improvement.

In some cases this meant foregoing items of information that were subsidiary to the
study’s principal aims. The design of a questionnaire suitable for self-completion by a large
community sample inevitably involves some element of compromise. It proved impractical
to offer a complete, comprehensible list of exposure sources, and the trade-off will be extra
difficulty in data coding and interpretation of open responses. The complexity (and
long-term recall requirements) of lifetime and seasonal exposure estimation were similarly
eschewed, and weekly exposure estimates were selected in preference to more detailed
information on daily exposure patterns. The choice of wording in key exposure questions
represented a trade-off between precision and simplicity, but the balance was struck in
favour of clarity and a much improved completion rate.

Workers’ capacity to estimate their own exposures still requires more formal evaluation;
while variations in pattern of exposure over time represents a remaining area of concern.
It seems likely that short cycle variations and periods of atypical exposure will even out
within a large sample, and do, in any case, contribute to the broad picture of national
exposure, which is dynamic rather than static; but estimates in occupations with strong
seasonal work patterns may give a misleading impression of the annual exposure picture.
The questionnaire will be distributed in summer and winter mailings, permitting a
cross-check of responses within occupations at different calendar periods, while the
questions on representativeness of exposure (questions 15 and 19 in the appendix) permit
biases to be detected, at least at a qualitative level.
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