








Measurement, evaluation, and assessment of occupational exposures to hand-transmitted vibration

either the duration of exposure or the vibration
magnitude increases. British Standard 6842,
198710 and a recently proposed revision to ISO
5349, restrict the dose-effect guidance to those
conditions causing a 10% incidence of vibra-
tion-induced white finger. Continuous dose-
effect guidance, such as that in equation 3,
should be based on evidence of the relations
between the four variables. A 10% criterion
reduces the variables by one but also changes
the justification to a simple prediction of
whether symptoms are likely: an action level.
A 10% prevalence of vibration-induced white
finger is then justified as being at least double
the prevalence of similar symptoms in a con-

trol group.
Observation of affected workers shows that

some may develop neurological disorders
while others may develop vascular disorders.
Further study of the factors associated with
the differences, including the elaboration of
improved objective indicators of disorders,
may help to understand the causal mecha-
nisms behind these effects.

OTHER VARIABLES
For a complete understanding of the form and
mechanisms of disorders caused by hand-
transmitted vibration it may be necessary to
consider other variables when assessing expo-
sures to vibration at the workplace, or the
severity of vibration on specific tools. With pre-
sent understanding, the above catalogue of
variables is already overly complex.

In concept, a more complete dose-effect
relation could be given by combining the vari-
ous variables into one measure.'9 Although this
may provide a useful philosophical framework
it may not be helpful when assessing vibration in
specific situations. The process of forming an

overall equation giving a method of combining
the effects of different variables involves con-

sidering whether variables have continuous or

discrete on-off effects, and whether variables
interact. A recognition of potential complexity
is desirable, but the application of knowledge
to specific situations must be simple. An ele-
gant simplicity might be artificially created: its
form being enhanced by understanding that
greater accuracy of application is not automati-
cally achieved through greater complexity.

INERTIA AND MOMENTUM
Travellers seeking directions must continue
from where they find themselves by using the
available paths. The map maker may stand
aside and consider new journeys in the future:
he will be influenced by the impressions of past
travellers but concerned not to confuse those
familiar with the route: only small changes may
be possible.
The enormous number of standards refer-

ring to the evaluation methods-for example,
the frequency weighting and frequency range-
originally defined in ISO 5349, 19869 must
impede changes to the standard. A change to
the weighting, the frequency range, or to the
use of rss alters the effective magnitude and
therefore changes the assessment of vibration
on tools. Any such change will also influence

the claimed effectiveness of potential protective
measures, such as vibration isolation devices or
gloves.
The ISO 5349, 19869 has provided a

method of evaluating hand-transmitted vibra-
tion and undoubtedly contributed to a reduc-
tion in hazardous exposures. For some, this
success is a sufficient justification for its publi-
cation and even its retention. Others might
argue that greater success would arise from an
improved standard based on repeatable data
obtained by scientific method, rather than on
the consent of the members of a small com-
mittee. Certainly, an ISO subcommittee is
able to promulgate a new standard on the
basis of insufficient objections rather than as a
result of reasoned argument: the reasoning
behind many standards does not reach the
level of rigor needed for a paper in a reputable
scientific journal. At a time when there is little
knowledge, this arbitrary decision making pro-
duces a standard when none may be possible
by reasoned argument. When there is knowl-
edge the approach is irresponsible if it ignores
or alienates those with expertise. The future
will show how measurement and evaluation
standards and assessment guidelines have fol-
lowed the path uncovered by advancing
knowledge of the relations between hand-
transmitted vibration and various signs and
symptoms.

Conclusions
There are many challenges remaining in the
measurement, evaluation, and assessment of
hand-transmitted vibration. The mechanism
of injury is not known and even the full range of
injuries is not agreed. It is therefore not sur-
prising that methods of predicting the effects
of vibration from measures of exposure to
vibration have significant uncertainties.

At the time of writing there is a need to bal-
ance two opposing forces. On one side it is
necessary to express clearly that hand-trans-
mitted vibration does cause injury and that the
measurement and evaluation of vibration
exposures according to current methods will
usually form a significant and useful part of a
preventive programme. On the other side
there is the need to identify areas in which cur-
rent measurement and evaluation procedures
require improvement. In some cases this may
be achieved by a greater coherence between
science and the standards.32 In other areas
there is a need for research leading to new
understanding and consequent changes to
both thinking and standards. This desire for
progress is the raison d'etre of the scientist: it
should not be used as an excuse for inaction
when the measurement and evaluation of
vibration with currently standardized methods
may reasonably be expected to be beneficial.

Current uncertainties in the relation
between vibration and its effects have an influ-
ence on the collection of data on which future
standards are to be based. Scientific investiga-
tions must reach outside the web formed by
current standards if they are to make new
discoveries: the truth is laid down in nature

87

 group.bmj.com on February 14, 2012 - Published by oem.bmj.comDownloaded from 



Griffin

and not in standardization committees.
Standardised methods of measurement and
evaluation should not be confined by crude
and approximate assessment methods: they
should allow, assist, and encourage the collec-
tion of improved data on human exposure to
hand-transmitted vibration. This requires the
standardization of methods of collecting and
reporting the spectral, axial, and temporal
characteristics of vibration exposures, and
other variables, over a wide range of condi-
tions.
The analyses of tool vibration presented in

this paper suggest that when using the current
frequency weighting (Wh) it is likely to be suffi-
cient to restrict the measurement of vibration
to frequencies below about 250 Hz. Without
the frequency weighting, many tools have sig-
nificant vibration at frequencies above 250 Hz,
but only a few would be greatly underesti-
mated with an upper limit of 500 Hz rather
than the current 1000 Hz limit. A significant
lowering of the upper frequency could appre-

ciably assist the method of measuring hand-
transmitted vibration, or even change the
manner in which this is performed. At low fre-
quencies there are arguments for excluding
frequencies below about 20 Hz, especially
when attempting to predict the vascular effects
of vibration. Considering the nature of the
vibration on many tools, and currently avail-
able epidemiological data relating to vibration-
induced white finger, it is difficult to see a

justification for the current combination of the
frequency range (8 to 1000 Hz) and the fre-
quency weighting (Wh). It seems that either
the frequency range should be reduced or the
measurements should be obtained without this
frequency weighting: epidemiological and
experimental studies are required to determine
the appropriate combination of frequency
range and frequency weighting.

Uncertainties in the effects of some vari-
ables may have a large effect on the perfor-
mance of some proposed preventative
procedures. For example, in the past, few sci-
entists have advocated antivibration gloves as a

useful solution to the effects of hand-transmit-
ted vibration. Gloves may attenuate high fre-
quencies of vibration but do not attenuate the
low frequencies. It is argued that most tools
are dominated by low frequencies at which
such gloves have little beneficial effects. In
part, this arises from the influence of the fre-
quency weighting used in ISO 5349, 19869
(fig 2). The use of unweighted acceleration
over the range 8 to 1000 Hz would increase
the perceived effectiveness of such gloves. An
extension of the frequency range to frequen-
cies above 1000 Hz (or raising the low fre-
quency limit to, say, 20 Hz) could further
increase the apparent value of gloves. While
new standards for antivibration gloves (for
example, ISO 10819, 199636) make use of the
current frequency weighting, their future evo-

lution should include consideration of the con-

sequences of changes to the frequency
weighting.

In the past, a lack of knowledge has allowed
the production of standards for the measure-

ment, evaluation, and assessment of vibration
based on committee consensus. Consultation
with the scientific literature, or carefully
argued debate over the interpretation or appli-
cation of published data is not always part of
the process in forming a personal, national, or
international view on human vibration stan-
dards. It is to be hoped that future standards
will identify the foundations on which they are
offered and that this will include information
published in scientific, medical, and engineer-
ing journals available for peer review. When
the limitations to knowledge prevent consen-
sus based on such foundations, the decisions
and their justification should be declared. In
all cases, methods proposed by standardisa-
tion committees would benefit from trial
application and thorough analysis before they
are offered for ritual approval by member
countries. Extraordinary as it may seem, dis-
tinguished bodies have been prepared to agree
to proposed new vibration standards without
being aware of the basis on which they have
been formulated, without seeing any example
of the application of the proposed standard,
and without being provided with information
on the consequences of the standard. This,
and the anonymity involved in the production
of standards, allows the publication of arbi-
trary standardized methods without this being
made clear to users of a standard.
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