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Introduction

Occupational exposure to hand-transmitted vibration is associated with various
disorders, collectively known as the ‘ hand-arm vibration syndrome’. The syndrome
includes vascular, neurological and muscul oskeletal disorders that may become
manifest individually or collectively. The conditions causing each of these disorders are
not known. However, for the best known vascular disorder, vibration-induced white
finger (VWF), several studies have reported the vibration conditions associated with an
observed incidence, or prevalence, of the condition.

This study investigated the relationships between finger blanching and characteristics
of exposures to hand-transmitted vibration, specifically the vibration magnitude and
lifetime exposure duration. The effects of vibration frequency were investigated by
comparing dose-response models constructed with and without the frequency weighting
recommended in current standards.

M ethods

Three previously published studies of VWF have been reanalysed: a study of dockyard
workers (Nelson and Griffin, 1989, 1993), a study of quarry/stone workers (Bovenzi,
1994), and a study of forestry workers (Bovenzi et al., 1995). In each of these studies,
medical history, employment history, extent, severity and development of vibration-
induced white finger, and exposure to vibration were obtained from individual workers
during interviews using a structured questionnaire. The three sets of data provided a
group of 1557 male subjectsin seven occupationa subgroups. stone grinders, stone
carvers, quarry drillers, dockyard caulkers, dockyard boilermakers, dockyard painters
and forest workers.
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Subjects were asked to identify the vibrating tools used during their working life. Tool
operating time was obtained in hours per day, days per year and total number of years,
separately for each period of use of each tool type. The estimated total (i.e. lifetime)
operating duration in hours was thus obtained for each subject, for each tool. The total
vibration exposure duration for each subject was obtained by the addition of the
operating durations for the different tools.

Vibration was measured on representative samples of the tools. Vibration magnitudes
were expressed as root-mean-square accel eration, frequency-weighted in accordance
with 1SO 5349 (1986). Unweighted accel eration magnitudes were also obtained over
the same nominal frequency range (6.3 - 1250 Hz).

From the vibration magnitudes and exposure durations, various aternative vibration
‘doses’ were calculated for each subject:

[0}
dose= Q [a™]
i
where g and t; are the acceleration magnitude and the exposure duration, respectively,
for tool i,andm=0, 1, 2 or 4.

Results

For all seven measures of dose, an increase in dose was associated with a significant
increase in the occurrence of vibration-induced white finger (Figure 1). However, the
strength of the relationship between alternative measures of dose and the occurrence of
vibration-induced white finger varied between dose measures. Generally, dose measures
with high powers of acceleration (i.e. m> 1) faired less well than measures in which the
acceleration, ayi Or aywi, and lifetime exposure duration, t, were given equal weight.
Indeed, dose determined solely by the duration of exposure (without consideration of
the vibration magnitude) tended to give better predictions than measures with values of
m greater than unity.

L ogistic regression suggested that al measures of dose provided better predictions
when the dose was cal culated from the unweighted accel eration than from the
frequency-weighted acceleration.

Discussion

Current methods for evaluating exposures to hand-transmitted vibration are based on
standards that assume a squared relationship between vibration magnitude and exposure
duration during the working day (i.e. m= 2) and alinear relationship between vibration
magnitude and years of exposure (i.e m= 1). The data shown here are restricted to the
total exposure duration and do not discriminate between exposures accumul ated over
the day and those accumulated over years. With exposure duration evaluated in this
way, it seemsthat alinear relationship between vibration magnitude and exposure
duration is appropriate for predicting the occurrence of vibration-induced white finger.

The predictions were dependent on the frequency weighting, with poorer predictions
when the currently recommended frequency weighting was employed. This suggests
that more weight should be given in the standards to vibration at some intermediate or
high frequencies.
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Figure 1 Relation between vibration-induced white finger (VWF) and aternative
measures of vibration dose in the vibration exposed workers (n=1557). The
prevalence of VWF in each quintile of vibration dose is shown. (a,i = frequency-
weighted acceleration; ay, = unweighted acceleration; tj = exposure duration)

Conclusions

The findings suggest that improvements are possible to both the frequency weighting
and the time-dependency in current standards used to predict the devel opment of
vibration-induced white finger.
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