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Pathophysiological and hygienic aspects of hand-arm vibration

by llmari Pyykkd, MD, Jukka Starck, PhD'

PYYKKO I, STARCK J. Pathophysiological and hygienic aspects of hand-arm vibration. Scand J Work
Environ Health 12 (1986) 237—241. A review of current knowledge on the pathophysiological and
hygienic aspects of the hand-arm vibration syndrome is given. Hemodynamic measurements indicate that
the primary factor in vibration-induced white finger is an increase in the peripheral resistance of finger
circulation that is present after local and general cooling. The reason for this increase is not known, but
it is postulated that an excessive affinity of vasoactive substances for the efferent receptors exists, this
affinity being potentiated during local cooling of the digits. So far, the hygienic rating of hazardous vibration
in individual work phases is of limited value in diagnosing possible cases, but this rating does provide
guidelines for general risk assessment. A consideration of several factors, eg, intermittency of the work,
duration of daily exposure, impact of vibration, individual physiological responses, climate, etc, might
improve the accuracy of the rating, but the influence of these factors on the development of the vibration
syndrome is still poorly understood. Of various preventive measures, only those that significantly reduce
vibration will be beneficial in the long run.
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The hand-arm vibration syndrome is composed of
symptoms arising from finger circulation, the periph-
eral nerves, and the musculoskeletal system of the
upper limbs (40). The vascular symptoms appear in
Raynaud’s phenomenon, in which the circulation of
the fingers is periodically interrupted when exposed to
the cold. The affection of the peripheral nerves causes
paresthesias of the hands and arms, especially during
the night, and forces workers to shake and rub their
hands. The symptoms arising from the musculoskeletal
system appear, for example, in grip force as excessive
muscle fatigue.

Even though bone cysts, decalcification, and ar-
throsis of the bones in the hands and arms have been
linked to hand-arm vibration in some occupations (22,
26, 27, 55), a lack of such a connection in other occu-
pations (20, 21, 24) indicates that the appearance of
possible bone and joint degeneration as a result of ex-
posure to vibration is not generally accepted. Thus,
further evidence is needed. According to several reports
hand-arm vibration may also induce dysfunction in the
central autonomic nervous system (3, 5, 31, 32). How-
ever there has hitherto been no conclusive data sup-
porting the occurrence of such an effect as the result
of exposure to hand-arm vibration (16, 17).

The diagnostic work-up for the vibration syndrome
is still a matter of controversy (40, 41, 57). The most
carefully devised procedures have been tests detecting
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the retarded circulation that leads to vibration-induced
white finger (VWF) (8, 34, 54). A cold provocation
test in which the finger is locally cooled during an arrest
of finger circulation can reveal about 70 % of the cases
of VWF; but this test has a somewhat low sensitivity
(36, 41, 57). In the testing for peripheral nerve symp-
toms, a retarded sensory nerve conduction velocity, an
enhanced vibrotactile detection threshold, or a
deprived two-point discrimination has been considered
an objective sign of peripheral neuropathy; but these
findings occur at a variable success rate (9, 29, 48).
The psychophysical grip force test is not very suitable
for evaluating excessive muscle fatigue in the vibra-
tion syndrome in individual cases (11, 12). So far much
of the diagnostic work has been based on careful his-
tories on the exposure and on the latency and charac-
teristics of the symptoms. In the vibration syndrome,
a complete history may sometimes be difficult to ob-
tain due to socioeconomic factors or the physical strain
of the work (16, 40).

Thus, so far, at least 15 different limits have been pro-
posed for the general risk assessment of vibration (19).
The ratio between the highest and lowest limit is about
10. Better agreement seems to exist for vibration ac-
celeration. The discrepancies existing between some
basic evaluations, such as those of the dose-response
relationship, illustrate the need for further studies of
hand-arm vibration. Digital high-speed measuring
techniques and computer-based data processing may
allow for new understanding in the evaluation of
factors determining the hazardousness of hand-arm
vibration (37).

The aim of this paper is to review the pathophysio-
logical and hygienic aspects of hand-arm vibration.
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Etiologic aspects of the vibration

syndrome

Although the nature of the vibration syndrome is well
known, a satisfactory explanation of its etiology is still
lacking. Treatment and prevention have thus far been
focused on the alleviation of the symptoms.

Lewis was the first to present the hypothesis that
VWEF is caused by nerve ending defects that lead to
excessive vasoconstriction when the vessel wall is ex-
posed to cold (28). Extending this theory. Magos &
Okos (30) not only showed that the vessels reacted
more strongly to locally applied cold but that cold-
induced vasodilation was lost. This excessive response
was explained as the result of the accumulation of vaso-
active substances that cannot be metabolized by the
affected vessels. Challenging this theory, Hellstrom &
Lange Andersen (21) showed a normal degree of cold-
induced vasodilation in subjects with VWF.

Interestingly, Azuma et al (7) have recently shown,
both in vivo and in vitro, that the smooth muscles of
vessel walls exposed to vibration respond more strongly
to noradrenaline than do unexposed muscles. Similar
vascular hyperresponsiveness to noradrenaline, as
shown by Azuma et al (7), has also been observed by
Folkow et al (13, 14) in cases in which the muscular
layer of the arterioles and the arteriovenous shunts was
increased. If the fault is in the receptors, then normal
vasoconstrictor nervous tone can lead to increased pe-
ripheral resistance in subjects with VWF through the
strong contraction of the arterioles and arteriovenous
shunts. If excessive, this contraction, in conjunction
with decreased blood flow, can finally lead to the col-
lapse of the vessel wall and an attack of VWE.

The hyperreactivity of the vessels of subjects with
VWF does not seem to be limited to locally applied
cold stimulus. Cold, noise, and vibratory stimuli also
reflexively induce an enhanced vasoconstriction in the
affected vessels (31, 32, 39). It has been proposed that
enhanced peripheral vasoconstriction may be produced
by faulty local factors in combination with enhanced
vasoconstrictor nerve tone. The central output of the
sympathetic nervous system enhances responses of the
local vasoconstrictor mechanisms. Such a situation
generally occurs in outdoor workers when the body and
the vessels of the finger are cooled simultaneously.

A reduction of systolic blood pressure in the digital
arteries during local finger cooling under suprasystol-
ic pressure has been demonstrated as occurring in VWF
(4, 34). During local cooling an increase in venous tone
has also been observed (18, 42). Both these factors
contribute to the increase in the peripheral resistance
and reduction of finger blood flow. A part of the
prominent increase in peripheral resistance in subjects
with VWF undoubtedly occurs due to central sympa-
thetic output (15). Nevertheless, a pathologically high
peripheral resistance during cold persisted after block-
age of the sympathetic nerves to the finger, a phenom-
enon indicating that local factors play an important
role in the genesis of VWF (18).
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Pyykké et al (44) found no evidence that the myo-
genic tone of vasomotor oscillation in VWF patients
differs from that of healthy volunteers. Therefore, in-
creased local vasoconstrictor responses to cold are
probably not of myogenic origin in subjects with VWF.
It is more likely that the fault in VWF might be in the
coupling between the nerve and smooth muscle of the
vessel at the adrenergic repector (7) or, less likely, in
the wall : lumen ratio at the arteriolar level (6, 52).

So far the exact mechanism by which vibration in-
duces a possible fault in the mechanisms controlling
vessel tone remain to be elucidated. There is support
for the theory that in VWF the fault may be local, in
the finger vessels, but the nature and the exact mech-
anisms of the ‘‘excessive vasospasm’’ remain to be ex-
plained before any conclusions can be drawn.

Hemodynamic aspects of vibration-induced
white finger

Digital blood flow is directly related to the pressure
difference in the finger and inversely related to periph-
eral resistance. The peripheral resistance is dependent
on an individual constant (k), the length of the capil-
lary bed (J), the viscosity of the blood (1), and the
radius of the lumen of the vessel (#) as described in
the formula

R=@xkxIxp/r.

Although local mechanisms operating on the vessel
wall of the resistance arterioles and capillary beds may
contribute to vasoconstriction (56), in normal subjects
the outflow of the sympathetic vasoconstrictor nerves
is far more important. This outflow is aimed at the
resistance arterioles, precapillary sphincters, and ar-
teriovenous anatomosis (1). A slight decrease in the
radius causes a powerful increase in the peripheral re-
sistance and results in a reduction in the flow, provided
that the pressure is not changed. Thus, under normal
conditions, changes in the radius of the vessel lumen
provides an efficient control of skin circulation. Any
adverse changes in the factors determining peripheral
resistance have an impact on the outcome of and sus-
ceptibility to VWE.

From the hemodynamic point of view, cooling ac-
companied by compression of the finger skin reduces
the patency and length of the finger vessels and results
in an increase in peripheral resistance, which may sec-
ondarily lead to a reduction in the blood flow in VWF.
In recent experiments Pyykko et al (42) and Gemne
et al (18) recorded finger systolic blood pressure, finger
maximal arterial inflow, and finger venous opening
pressure during local cooling. The results showed, in
fact, that in subjects with VWTF the arterial inflow was
limited as the result of high peripheral resistance. An
abnormally high peripheral resistance in VWF is be-
lieved to be caused by a fault in the adrenergic recep-
tors controlling skin circulation. The affinity of trans-
mitter substances for receptors is temperature de-
pendent.



Local exposure to cold affects the alpha-adrenergic
receptors and promotes the vasoconstriction induced
by the sympathetic nervous system through two dif-
ferent mechanisms, ie, a reduction of the degradation
of transmittor substances and the sensitization of the
affinity of alpha-adrenergic repectors for transmittor
substances (56). The slowing of the degradation of
transmittor substances is achieved by the inhibition of
neuronal uptake, by delayed enzymatic degradation,
and by retarded diffusion of noradrenaline (25).

In some studies, it has been shown that persons with
VWF have a higher viscosity of the circulatory blood
than those without VWF (35). Since blood viscosity
also influences peripheral resistance, it seems likely that
those subjects with a high or pathological viscosity of
the blood tend to be selected into the group with VWF
and that the high or pathological viscosity condition
is not caused by hand-arm vibration.

Structural changes have also been found in workers
exposed to vibration (6, 52). Intimal thickening and
hypertrophy of the medial layer are the most charac-
teristic findings. Since these factors affect the lumen
of the digital arteries and reduce the radius of the
vessels, they increase peripheral resistance.

Substitution of subcutaneous tissue with callosities
during prolonged vibration (51) reduces the size of the
capillary bed and the apparent length of the vascular
bed, and also augments peripheral resistance. An in-
crease in general sympathetic tone, induced either by
emotional tension or by drugs such as nicotine, also
favors the outbreak of symptoms (38).

Technique for measuring risk

Although the technical measurement and analysis of
the vibration signal is well established, the evaluation
of important factors in risk assessments has been less
understood. Thus, so far, measuring devices and meth-
ods have not been refined even to the level existing for
noise measurements.

The variables which are known or believed to affect
the severity of occupational exposure to hand-arm vi-
bration can be divided into three groups — physical,
biodynamic, and individual (49). Nevertheless, moni-
toring each worker for all the variables included in all
three groups is impractical. It is necessary to reduce
the number of variables to manageable proportions.
The guidelines of the International Organization for
Standardization (ISO) defines those variables whose
effects should be specified as follows (23):

Level of vibration
weighted/unweighted
intermittency
rest periods
daily dose
total dose

Frequency of vibration

frequency range
bandwidth
weighting

Associated variables
direction combinations
grip and push forces
tool weight
temperature

The aim of the guidelines should be to present pre-
ferred ranges of the variables and their combinations.
If all exposures were constant in intensity and in a
single frequency in one direction, it might be sufficient
merely to specify the respective responses. The vari-
ables for different tools could then be simply weighted
to achieve an equivalent weighted level to be further
used for the comparison of different exposures and
tools in relation to the symptoms of the vibration syn-
drome. In practice, however, most exposures to hand-
arm vibration are intermittent and vary in intensity and
frequency during each exposure period. Therefore a
standard for the measurement and assessment of vi-
bration exposure should specify methods for averaging
different levels, frequencies, directions, and durations
of vibration exposure. The result of averaging could
provide a single number or a measure for vibration
during the workday, and eventually also over a com-
plete period of different exposures. The ultimate result
would then be that the measurement of vibration could
be conducted with averaging and weighting techniques.
The vibration standard should specify how this aver-
aging and weighting should be performed.

Preventive measures

Different devices have been developed for the damp-
ing of vibration, eg, protective (absorbing) gloves,
rubber and spring insulators, balanced engines, etc (10,
33). When tested, protective gloves did not reduce the
level of vibration but did interfere with work safety
(33, 53). Experience with the insulation of the front
handle of the chain saw in combination with a reduced
level of vibration has been promising and probably
explains the recent decrease of vibration syndrome
among forest workers (45, 46, 47). The linear response
of the hand-arm system to the acceleration level of vi-
bration (43) indicates that it is important to produce
tools in which vibration is inhibited, eg, tools with
balanced engines. Technical measures to decrease
workers’ exposure to vibration should also be more
widely applied in several other occupations, not only
in forestry work.

Teisinger (53) has proposed that the method of op-
eration determines whether or not a worker using a
vibrating tool will become disabled by VWF. New, un-
skilled workers tightly grip the tool and therefore allow
high levels of vibration to be transmitted to their hands;
older, more skilled workers support the vibrating
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device lightly. Recent examinations (11) confirmed the
connection between an excessive hand grip force of
forest workers during chain sawing and VWF.

Since a heavy tool demands a strong grip, the upper
limit for the weight of vibrating tools has been set at
10 kg in some vibration standards (the Soviet standards
from 1971 and the Czechoslovakian hygienic norms
from 1969). In tests with different grip forces, we were
able to confirm that an increase in muscular force of,
eg, 12 dB, increased the vibration in the hand-arm
system by 4 dB (43).

Although the vibration emitted from a tool is in in-
verse proportion to the weight, it is proportional to
the power (33). If the weight of the tool is decreased
but the power remains the same, the intensity of the
vibration increases. Care must, therefore, be taken to
insure that, when the weight of a tool is decreased, the
vibration level is also reduced.

It seems, on the basis of physiological experiments
and available data, that vibration at very low frequen-
cies is not as harmful as vibration at higher frequen-
cies (2, 39, 43). Decreasing the dominant frequency of
vibrating tools would also probably reduce the preva-
lence of vibration disorders.

Aspects for future consideration

A comparison of different limits, either proposed or
actually used for the general risk assessment of vibra-
tion exposure, shows that most of them indicate that
high frequencies above 1 200 Hz are not as hazardous
as lower frequencies. The different proposed limits are
very similar, since most standards and proposals are
based on the same data and assumptions. However,
although high-frequency components are neglected,
some studies have proposed that these components
should also be taken into account in measurements of
vibration. Moreover limits in frequency ranges also
neglect the variations in time history and the impulse
of the signal (49, 50). Epidemiologic studies are need-
ed which would quantify high-frequency and impulse
vibration for risk assessment purposes.

Vibration measurements are usually taken from the
handle of the tool. However, grip or push forces and
the weight of the hand-arm system may decrease vi-
bration in the handle and increase the transmission
of the vibration to the hand (43). This occurrence may
lead to hygienic underestimations of vibration since
the transmission and hazardousness of vibration have
increased. Further research should be aimed at the de-
velopment of the model, and artificial hand-arm
system, necessary for laboratory measurements.

The definition, symptoms, and evaluation of the vi-
bration syndrome have not yet been defined to the de-
gree that they could be widely accepted. The diagnos-
tic criteria for vibration syndrome are not standard-
ized, and the relationship between hazardous vibra-
tion and the symptoms of vibration syndrome varies
according to the criteria used for the evaluation. A
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more solid basis for establishing norms limiting haz-
ardous vibration is needed. Probably the only symp-
tom of the vibration syndrome that can be objective-
ly used in the evaluation of a dose-response effect is
the presence of VWF,
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