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ABSTRACT

The aim of this paper ia to outline some of the factors which could influence
the quantification of individual susceptibility to wvibratlon-induced white
finger and neurcleogical disorders caused by hand-transmitted vibration, and
to outline the basis of a predictive model based on the principle of

differentlial damage susceptibility .

1. INTRODUCTION

Acute exposure to  hand-transmitted vibration can, in the course of time,
induce the development of vibration—induced white finger (VWF) and vibration-
induced neurclogical disarders (VND) in human subjects. Vibration white finger
(VWF) is a peripheral vascular disease where ischemia in the digits ar hands
is triggered by cold, its main symptom being the intermittent blanching of
the fingers, although more recently Taylor (1989) and Okada (19%0) have hoth
confirmed that the pathogenic effects of VWF can be accounted for by both
central and periferal mechanisms. Vibratlon-induced neurolegical disorder
(VND)} is a peripheral neurological disease the first symptoms of which are
numbness and tingling in the fingers and hands. As the disease progresses pain
and nightly paraestheala can also occur, and impairment of tactile
sensitivity, muscle wasting, decreased nerve conduction velocity and weakness

of hand grip have also been reported.
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2. SUSCEPTIBILITY TO DAMAGE

Taylor and Brammer (198B2) discussed several factors that were known or
believed to influence the advarse effecte upon individuals of cccupational
exposure to vibration from hand held tools. These Lincluded biolegical
sugceptibility to wvibration, vasoconstrictive agents affecting the
peripheral circulation {e.g. smcking, drugs), predisposing disease or prlor

" injury to the fingers or hands, hand slze and weight and epidemliological

‘factors {e.g. age). Griffin (1988} also reported that the such responaeas
of the body to vibration are neither repeatable nor consletent, and that
‘both intra and inter-individual differences can be expected. Available
data suggest that there is not enough evidence to assume that age is an
important factor, and in respect of gender the number of recent studles
using female oubjects is oeverely limited eo that although there is a
suspiclon that females are more at risk, no definitive conclusions can be
reached. Smoking ls an important factor congidering tha vasoconstrictive
effect of nlcotine, but the findings are unequivocal so that further
investigation is necessary. When discusslng aspects of susceptiblility
related to vascular function blood viacosity, veesel diametsr and the
pattern of reaction to low temperatures (measured by finger syatelle blood
preasure and rewarming times after local cocling) seem to be the most
important factors. Blood viscosity and vessel diameter wers found
reopectively to increase or decrease in subjects with VWF. Whilst
peripheral resistance seems to provide useful information about
susceptibjility to VWF, no study appears to hava. specifically focused on
identifying individual susceptibility to VWF.

3. POSSIBLE MEASURES OF SUSCEPTIBILITY

Moat of the procedures available for the measurement of puch dysfunctions
have the disadvantage that the results tend to be analysed and reported on
a group basis, and are therefore limited in thair application to the
detection of individual susceptibilty. The most promising test for use in
the diagnosis of VWF seems to be atrain-gauge plethysmography since it
has demonstrated sensitivity, specificity (Olsen and Nielsen, 1979;
Bovenzi,1988c and 1993} and repeatablity of results (Carnicelll et al,
1932), although it is clear that further normative data is still neoded.
The cold provecatlon test with the measurement of rewarming timee is also
a widely used procedure although its value as a rellable and repesatable
objective diagnostic measure ie more questionable. Several procedures have
been used for the evaluatlon of peripheral neurological disorders induced
by hand-transmltted vibration although vibrotactile threshold measurement
and aesthesiometry seem to have most merit for use on an individual basis.

4. MODELLING INDIVIDUAL BUSCEPTIBILITY

The basis of a possible model which could be used in the evaluatien of
susceptibility to noise induced hearing loes (NIHL), tha principles of
which could be applied to VWF, has been proposed by Lawton and Robinscn
{1985, 19€6, 1987). The first factor is based on well established factse
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about hearing and depends on the large dispersion in thresholds levels
among the normal population (about '+ 20dBHL). Whilst some of this less
acute dispersion may ba explained by the presence of sub-clinical hearing
lossas, due for example to exposure in childhcod to adverse enviranmental
influencea like noise and ototoxic substances, thera is nevertheless,
conslderable inherent biological variabllity present. The second and
perhaps prineipsl factor is that in general hearing does nct improve with
age and exposure to nolse. However, not withstanding adverse exposure to
these factors some individuals nevertheless retain good hearing threshold
levele after many years of exposure to nolase; these are the noige
survivors. Therefore, it could perhaps be assumed that a nolpe Burvivor wap
the possessor of better-than-average hearing threshold levels in his youth.

From this model it can be postulated that noisa survivors would present the
same auditory patterns as younger people whe possess better-than-average
rosulte in cochlear function tests. This has been demonstrated to some
extent by Lawton and Robinson in the above mentioned studies, and lndicates
that a normal young adult who has a bettar-than-average scores in epecific
susceptibility tests (i.e hearing threshold level at 4 kHz, temporal
integration and frequency selectivity) is possibly more resistant to NIHL.

The principle of differential damage susceptibility has so far only been
exclusively applied to noise-induced hearing loss, However, there is no
reason why it could not bhe extrapolated to the investigation of
sugceptibility to VWF and VND due to exposure to hand-tranamltted
vibration. In order to assess this poseibility some aspacts of vascular and
neurclogical function muset be investigated in both normal healthy subjects
of different ages and in VWF seurvivore. If the principle could be applied
to vibration it would be expected that healthy i{ndividuals not exposed to
vibration with more sensitive results in the vascular and neurological
tests, would behave in a similar faehion to the vibration gurvivors. Using
this hypothesis it could perhaps be expected that a test battery for the
prediction of susceptibility teo VWF and VND could be formulated.

S. PILOT STUDY FINDINGS

hs there 1s no specliic test or battery of tests available to invastigate
susceptibility to vibration-induced white finger and neurological
disorders, some procedures commonly used in the diagnosis of these diseaces
were selected based on thecretical .inferences that could convey relevant
information on susceptibility. The repeatability of these vascular (finger
systolic blood pressure and finger rewarming measurements) and neurologlcal
(aesthesiometry and vibrotactile thresholds) tests was inveatigated in twe
different experiments. Finger gystolic blood pressure (F5BP% ;) and
vibrotactile thresholds were the procedures which showad less variability
of results when applied on different cccasions.

The hypothesis that the differential damage susceptibility model could be
applied to finger systolic blood pressure after ¢ooling and vibrotactile
threshold measurements was tested. It was found that FSBP%,, fits to the
model with VWF eurvivors presenting similar F5PBY; values to those of the
young controls who were sigrificantly higher than older controls.
Therefore, using tha model of differential damage susceptiblility, better
than average values of F3BP%; could be used as an indicator of resistance
to vibration-induced white finger in young unexposed subjects.

Proc.l.0.A. Vol 16 Part 2 (1994)

143



Proceedings of the Institute of Acoustics

MODELLING EPDIVIDURL SUSCEPTIBILITY

Vibrotactile thresholds at 125 Hz aleo fitted to the model of differential
damage susceptibility, suggesting that this test could also be an indicator
of eusceptibility to vibratlon-induced neurological disorders in young
unexpusaed subjects.
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