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ABSTRAcr At one Finnish foundry all the workers had typical symptoms of vibration induced
white finger (VWF) after they began using a new type of pedestal grinding machine. The objectives of this study were to establish the severity of the symptoms and the difference in vibration

between the new and the old machines. Vibration detection thresholds and grip forces
measured, as well as the vibration in the casting and in the wrist simultaneously. The mean
latency for VWF among the grinders was 103 months after the change of pedestal grinding
machines. All the grinders had numbness in their hands. The vibration detection threshold was
significantly higher for the grinders than for their referents. At the same circle speed, the new
wheels caused vibration levels up to 12 dB more than the old wheels. The circle speed had a slight
influence on the vibration. The vibration levels of light (0.5 kg) casting were up to 25 dB higher
than the heavy (5 kg) casting. The use of a pneumatic pressing device decreased the vibration
levels in the wrist by 5-10 dB. The increase in vibration, which occurred when the new wheels
were taken into use, was too small to explain such a dramatic outbreak of VWF. This led to the
conclusion that some other feature such as the impulse character of the vibration also contributed
to the effects of vibration.
exposure
were

VWF after a mean latency of 23 months. VWF was
severe; and after the cessation of such work, VWF
tended to progess rather than regress. Since then
other investigators have confirmed these findings.
Pyykko observed extremely severe VWF among
Finnish knife grinders.'0 VWF affected all the workers and occurred after a latency of, on average, nine
months. Pelmear et al reported an outbreak of VWF
among grinders after silicon carbide wheels were
replaced by zirconium wheels." 12 The outbreak of
VWF, which occurred after a latency of six months,
affected all the grinders and was severe. Although
different explanations have been proposed, no convincing evidence has so far been found to explain
why pedestal grinders are so liable to vibration
induced disease.
Pedestal grinding is still used at several foundries
to clean small castings. At one Finnish foundry new
wheels composed of zirconium were taken into use
in 1977. After a working period of about one year,
all the workers using the new pedestal grinding
wheels suffered from VWF. This led us to measure
the levels of vibration generated by the wheels, to
426

Exposure to occupational vibration can be the
cause of different symptoms in the hands and arms.
These symptoms-circulatory disturbances in the
fingers, paraesthesias of the hands and arms, degeneration of the bones and joints, and diminished muscle force-comprise a disease entity known as vibration syndrome.1 2 The somewhat independent
occurrence of these symptoms in vibration syndrome points to the possibility that each of these
components may arise by an independent mechanism.23 Opinions vary on this matter, however.4-6
The best documented symptom is the periodic circulatory disturbances in the fingers-that is, vibration induced white finger (VWF). As both numbness
of the hands and arms and muscles weakness are
difficult to evaluate, only a few epidemiological
studies have investigated these symptoms.7
Agate et al and Agate were among the first to
observe severe VWF among pedestal grinders.89 In
their studies 71-86% of the grinders suffered from
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conduct medical examinations of the foundry work- of the left hand for sinusoidal vibration at six frequencies (16,31-5, 63,125, 250, and 500 Hz).'4 The
ers, and to propose technical modifications.
vibrating head, which was circular and had a diamSubjects
eter of 2-6 mm, leaned on the fingertip at a constant
force of 0*20 N. The vibration, measured by an
All 12 grinders (mean age 30, range 26-55) working accelerometer (B&K 4371) placed between the viwith grinding wheels were examined at the Institute bration exciter (B&K 4291) and the vibrating head,
of Occupational Health in Helsinki. A medical his- was recorded on a level recorder (B&K 2306). The
tory was taken to get information on the grinders' acceleration of the vibrating head was automatically
symptoms in the hands and arms and their general increased from zero at a speed of 3 dB per second.
state of health, and a clinical examination was car- When the subject felt the vibration, he pressed a
ried out. The;hration of exposure to vibration was switch in 1bisright hand; this brought the vibration to
estimated in hours.'3 As control subjects for the zero again. The threshold value at each frequency
measurements of vibration detection thresholds, 20 was measured three times, and the results were calhealthy men (mean age 33, range 25-59) were culated as the mean of these three values.
examined. The control subjects were not occupaFor the psychophysical vibration detection
tionally exposed to vibration in their work.
threshold, adaptation was measured from the fingertip of the third finger of the left hand, at a frequency
of 250 Hz. During the measurement of adaptation,
Methods
the examiner manually adjusted different ampPEDESTAL GRINDING
litudes of vibration, and the subject was asked to
The castings were cleaned manually. One pedestal report when he perceived vibration and when he did
grinding machine was supplied with a pneumatic not. The recording was done during three minutes.
device used to press the casting against the wheel. After three minutes the circulation of blood in the
The operator still had to be in contact with the cas- left hand was interrupted for three minutes further
ting, but strong pressing and holding forces were no with a sphygmomanometric pressure of 120 mm Hg.
Three values were analysed from the adaptation
longer necessary. The weight of the casting varied
measurements: the first value at the beginning, the
between 0-5 kg and 10 kg.
The pedestal grinding machine was locally con- second at the end of the third minute, and the third
structed. The circle speed of the grinding wheel was at the end of the sixth minute (under ischaemic con48 mIs, and it was kept constant with a variator. In ditions). Each value was the mean of three detection
connection with this study the technical properties threshold values during 40 s. The block diagram of
of the grinding wheels used before and after 1977 the instrumentation of the measurements of the
were evaluated. The roughness, hardness, and bond psychophysical vibration detection threshold and of
of the two wheels were the same; but before 1977 adaptation is shown in fig 1. The vibration detection
the abrasing material was corundum (normal corun- threshold and the adaptation values, expressed in
dum) and after 1977 it was zirconium-corundum decibels, are based on the reference values indicated
mixed with silica. The eccentricity of each of the in formula (1).
The temperature of the fingertip was measured
grinding wheels was measured in addition to the
with a T-type thermocouple at the beginning and at
circle speed.
the end of all the measurements and also between
the measurements of the vibration detection thresHAND GRIP FORCE
The hand grip force was measured with a strain hold and adaptation.
gauge dynamometer.4 The subject maximally compressed the handle repeatedly in time with an VIBRATION MEASUREMENTS
audiosignal. One cycle consisted of a grip lasting for Vibration was measured for different types of grintwo seconds, followed by a two second relaxation, ding wheels at the most- commonly used, constant
and the cycle was repeated 20 times.4 Measurements circle speed of 48 m/s. Measurements were also
were taken from both hands, both with vibration of made at circle speeds of 45, 40, and 35 m/s. The
a vertical direction at 80 Hz sinusoidal frequency operator was the same during all the measurements.
and without vibration. The angle of the lower arm The vibration levels generated during two different
was 450 from the horizontal plane.
types of castings weighing 0*5 and 5 kg were
measured. The directions for simultaneous recordings of vibration and the measuring sites were: (1)
VIBRATION DETECTION THRESHOLD
Psychophysical vibration detection threshold values casting in vertical (tangential to the wheel) and horiwere measured from the fingertip of the third finger zontal (radial to the wheel) directions, and from the
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Fig 1 Block diagram of instrumentation
for measurements of vibration detection
thresholds and adaptation to vibration.
Sine
generator

B&K 2635

B&K 1023

B&K 2306

Balance

operator' s left wrist in the direction of the lower arm
and (2) from the stalk of the sharpener in the vertical and horizontal direction, and from the operator s
left wrist in the direction of the lower arm.
A metal piece was welded to the casting, and a
triaxial accelerometer (B&K 4321) was fastened to
it with a screw. For the measurement of vibration in
the wrist, the transducer (B&K 4366) was fastened
to a plastic module with a screw. The module, which
was adjusted to fit against the styloid process of the
wrist, was held in place with a tightener and a plastic
support.'3 15

The time required to clean one casting, which was
only a few seconds, was too short for reliable vibration measurements. Therefore, the sample time was
extended to 20 s. The sample was recorded on a tape
recorder (B&K 7003) for further analysis. The frequency range of the recordings was between 2 and
1000 Hz. The recording was replayed on a real time
analyser (B&K 2131) controlled by a computer
(TEK 4052), and displayed as the average 1/3
octave spectrum of 20 spectra. The averaging time
in the analyser was 0-5 s corresponding with the
sampling intervals of the spectra in the computer.
The corresponding total acceleration level and the
standard deviation were calculated for each 1/3
octave. The vibration levels (L) were based on the
formula (1)
AcceLero

L = 20 log (a/a.) (dB)
(1)
0-438 x 10-3 ms-2 and a = the
measured acceleration ms-2.
The block diagram of the instrumentation is presented in fig 2.

where

ao

=

STATISTICAL METHODS

The statistical significance of the mean values detected between the grinders and the control subjects
was tested with Student's t test for independent
samples at the frequencies of 63, 125, and 250 Hz.
The statistical significance of the difference of mean
grip forces, right hand v left hand, and with v without vibration, was tested with two-way analyses of
variance (ANOVA). The statements of statistical
significance were based on the probability value of p
<

0*05.

Results
HISTORY OF VIBRATION SYNDROME AND
ASSOCIATED DISORDERS

All the grinders had a history of VWF. The total
duration of exposure for grinding work was, on
average, 9200 hours (range 3100-19 400), and the
duration of exposure before the wheels were
changed was 7800 hours (range 2800-12 700).
None of the grinders had VWF before the wheels
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simultaneous vibration was detected in the hand
more affected by VWF.
VIBRATION DETECTION THRESHOLD

Four of the 12 grinders did not feel the 95 dB maximum vibration level of the equipment at 500 Hz.
Two did not feel the 96 dB maximum vibration level
at 250 Hz. Figure 4 shows the means of the vibration
detection thresholds for control subjects and for
grinders. The grinders' vibration detection threshold
values were significantly greater than those of the
control subjects (t = 6-2 - 8-9, p < 0-001) at all test
frequencies. Three grinders lost their sense of vibration during adaptation measurements: one before
three full minutes and two before six full minutes of
measuring time. Because five men were totally
eliminated during the adaptation measurements, no
statistical tests of adaptation were conducted.
Skin temperatures were evaluated for all men at
the beginning and at the end of the test. No statistically significant differences were found between the
grinders and the control subjects.
VIBRATION OF THE GRINDING WHEELS

HAND GRIP FORCE

The curves of the compression and relaxation of the
left hand without simultaneous vibration did not differ (F(1) 0-46, p = 0.3) from the curves of the
right hand. During simultaneous vibration, the compression forces of the right hand were diminished.
The difference between the curves with and without
vibration was statistically significant (F(1) = 7*1, p
< 0-01) (fig 3). The corresponding difference in the
left hand was not significant (F(1) = 025, p = 0-6).
Thus reduced compression force in connection with

Figure 5 shows the vibration acceleration spectra in
radial (Sa) and tangential (Sb) directions measured
from a light (0-5 kg) casting. Most measurements
showed that the grinding wheel with normal corundum as the abrasing material had the lowest vibration level. The differences were the greatest (maximum 12 dB) in the frequency range of 25-160 Hz.
The weighted'6 vibration level of the new wheel was

80-
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Fig 3 Curves of mean muscle fatigue of right hands of 12
grinders with standard errors of means.
5
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Fig 4 Mean values ofvibration detection thresholds for 12
grinders and 20 controls with standard errors of means.
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were changed. The latency for VWF after the wheels
were changed was, on average, 1100 hours; this corresponded to a working period of 10-3 months (SD
4-5 months). All the men experienced their most
recent attack of VWF during the week before
examination. The disease had started in the right
hand in 10 men, in the left hand in one, and bilaterally in one. On examination, the disease of five
men was bilateral, six men had it only in the right
hand, and one had it only in the left hand. The mean
duration of an attack of VWF was 10-5 min (+ SD
4-0 min) in indoor conditions. Eleven subjects
experienced attacks of VWF daily, and 11 also
experienced them in summer.
All the subjects also had numbness in their hands,
which disturbed their sleep. The hand grip force was
subjectively diminished in six men. Five experienced
pain in their wrists, elbows, or shoulders; eight had
contracture of the palmar fascia of fingers IV and V,
and four of them had a Dupuytren's contracture.
Two had mild arterial hypertension treated with
metoprolol or propranolol; their blood pressure was
normal during the examination.
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Fig 6 Vibration levels in wrist, light (0.5 kg) and heavy (5
kg) casting.
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Fig 7 Vi-bration levels when sharpening
zirconium-corundum and normal corundum wheels.
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3-5 dB higher than the old wheel. The vibration
levels in the radial direction were usually 0-10 dB
higher than in the tangential direction. The
measured eccentricity was about the same (±+ Od
100
mm) for each wheel.
We found that the circle speed had a slight effect
90
on the vibration levels at frequencies above 80 Hz.
and at 80 Hz, the highest circle speed of 48
~~~~~Below
Vibration
m/s produced the lowest vibration in zirconium
LeveL
(dB)
Corundum wheels had the lowest vibration
level at a circle speed of 35 m/s and the highest
70
vibration level at a circle speed of 40 mIs. Light (0.5
castings had acceleration levels up to 25 dB
60
60
than heavy (5 kg) castings. In the wrist the
~~~~~~~~~~higher
vibration measurements yielded somewhat different
50
results. As indicated in fig 6, the light casting produced higher vibration levels only in the frequencies
0
[ irconiumcorundum
i
i
40 Hz. The total acceleration level in the wrist
~~~~~~~~~over
100
Nracoudmin a light casting was, on average, 3-7 dB higher
than in a heavy casting
90
Measurements were taken also from the stalk of
the
sharpener for both the zirconium-corundum and
Vibration
Z
+the corundum wheels. The vibration levels in both
Level (dB) 80
cases were up to 30 dB higher than those measured
in any other working situation. Figure 7 shows the
70 -vibration acceleration spectra in the direction of
grinder's arm when measured from the stalk. It is
worth noting that the angle between the arm and
60
stalk was 900, and the direction of the stalk was very
near the direction of the radius of the wheel. Thus
50
vibration is almost totally emitted in a vertical direc4 12*5 40 125 400 1250
tion during this work phase.
Frequency (Hz)
When grinding with a pneumatic pressing device,
Fig 5 Vibration levels when casting were held against
the vibration decreases about 5 dB in the frequency
different wheels (a) in radial directions and (b) in
range of 40-400 Hz, in both the casting and in the
tangential directions.
wrist (fig 8). The vibration level remained almost
unchanged below 40 Hz, but it was slightly increased
*Wrist, tight casting
*Wrist, heaivy casting
+Zirconium-corundum
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Fig 8 Vibration levels when pneumatic pressing was used
(a) in casting and (b) in wrist.

above 400 Hz. In the wrist the decrease was about 5
dB when the frequency was below 12-5 Hz and
about 5-10 dB at the frequencies of 20-125 Hz. At
higher frequencies the vibration level remained
unchanged or increased slightly. Comparison of the
two different wheel types shows that grinding with
corundum wheel produced vibration levels in the
wrist to about 25 dB lower than the zirconiumcorundum wheel. The result agrees well with manual
casting. The result indicated that, depending on the
type of grinding wheel, the pneumatic device
decreased the acceleration of vibration in the wrist
to the 1/18 or 1/6 of the values measured without
the pneumatic device.
The standard deviation of each analysis, calculated for 1/3-octave band, ranged from 1 dB to 4
dB. The standard deviation for the total level of
acceleration was 3 dB.

An outbreak of vibration syndrome occurred among
grinders after grinding wheels made of corundum
had been changed to wheels made of zirconiumcorundum mixed with silica. It is noteworthy that
these men had been grinding metal castings symptom free for years. After the grinding wheels had
been changed, all the men became disabled even
though their working routines were essentially the
same as before. Thus an analysis of the vibration
characteristics of the two wheels might discover why
grinding work causes the vibration syndrome and
show the most hazardous characterisics of the vibration spectra.
In agreement with earlier reports8-'2 the grinding
of metal castings may cause severe VWF, which
affects most of the workers after a short latency. The
grinders' history of attacks of VWF was much the
same as that found among forest workers'°; in that
respect our results were contradictory to the statement of Dart,'7 who in 1946 claimed that vibration
of a high frequency may cause a different type of
VWF. The average latency in the present study was
10 months. This appeared exceptionally short when
compared with the latency of about five years reported for lumberjacks.'0 1819 Gurdjian and Walker,
bowever, reported that exposure to vibration
including high frequency components of vibration
may cause VWF among workers even after two
week period of exposure.20 The short latency of
VWF among grinders may indicate that the vibration of grinding work is more hazardous than the
vibration of forestry work.
The changes in hand grip force measured in the
right hand were similar to the earlier results among
lumberjacks.4 Also, the hand grip forces were
reduced only in the affected hand during exposure
to vibration. The measurements of vibration detection showed that the grinders' thresholds were much
higher than the referents. In two cases after
ischaemic provocation the thresholds were so high
that end values for the adaptation test could not be
determined. Our finding of excessive adaptation
during ischaemic condition confirmed the findings of
Marschall et al, who showed that, in workers with
VWF the sensory peripheral nerves are highly susceptible to ischaemia.2' The findings concerning
changes in muscle force and in the vibration detection thresholds may be also linked to the peripheral
neuropathy associated with vibration syndrome.2223
The prevalence of contracture of the palmar fascia
of fingers IV and V was surprisingly high (67%), and
Dupuytren's contracture was also found among one
third of the grinders. The palmar fascia contractures
can be a predisposing state to Dupuytren's contrac-
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ture, and this condition may also be associated with
prolonged exposure to vibration, as proposed by
Teleky.' It may also, however, be due to the uniform
loading of the hand ligaments during grinding work.
Conclusive evidence for either of these theories is
not yet available.
The comparison of the vibration spectra of grinding and chain sawing indicated that high frequency
components were more prominent in grinding work
than in chain sawing. This finding concurred with
earlier results.' 24 It has been proposed that the high
frequency components may be hazardous.20 We
could therefore expect that the differences between
the vibration spectra of the old corundum wheels
and the new zirconium-corundum wheels would lie
at high frequency vibration.
The analysis of vibration showed that the level of
vibration acceleration in the new zirconiumcorundum wheels was somewhat higher at the frequency range of 100-1000 Hz. The vibration acceleration measured from the wrists during grinding
was somewhat higher with the new zirconium
wheels; this agreed with the measurements taken
from the castings. The differences cited above were
slight and could not explain such a dramatic outbreak of VWF among grinders. A similar outbreak
of VWF among grinders was reported by Pelmear et
al. 111 2 In a detailed analysis of the energy spectra,
Hempstock and O'Connors concluded that the
eccentricity of zirconium wheels is higher than that
of carborundum wheels, and that this eccentricity
causes bouncing on and off the grinding wheels,
thereby increasing the vibration.24 Our
measurements could not confirm their hypothesis. In
fact, the eccentricity and the vibration spectra were
the same for both types of grinding wheels
ISO/DIS 5349 ("Guide for the measurement and
the assessment of human exposure to vibration
transmitted to the hand") proposed limits for
hazardous vibration.'6 This proposed standard also
gives limitations for the duration of exposure in the
ranges of 4-8 h (A), 2-4 h (B), and 30 min-2 h (C)
(fig 9). The application of these limits to the grinders
showed that, for the lowest vibration level, duration
should be less than one hour for both the old corundum wheel and the new zirconium-corundum wheel.
According to the proposed standard, the working
situation where the vibration is highest (the sharpening of wheels) should not be permitted at all. It is
noteworthy that the older wheel type did not cause
VWF, whereas the new wheel type caused VWF in
all the workers. The proposed standard makes no
distinction between the two types of grinding
wheels.
Our findings led us to conclude that other factors,
in addition to the vibration spectra, made important

~~~~~~~70

20 50 125 315 800
Hz
12-5 315 80 200 500
Frequency of 1/3-octave band
Fig 9 Exposure guidelines for acceleration of vibration
according to ISOIDIS 5349.
8

contributions to the hazardous effects of vibration.
Vibration spectra are usually analysed in 1/3octave or octave bands. Biological receptor systems
apparently do not respond to the signal in a Fourier
transformation manner. On the contrary, the vibration receptor system follows sinusoidal vibration in a
phaselocked manner, depending on the receptor system, at vibration frequencies from 2 Hz to 700 Hz,
responding with one spike to one stimulus. The
same phaselocked response to vibration can be
observed in the cells of the central nervous system in
the cortex and in the cerebellum.25 26 Most studies
have focused on the stimulation of the Pacinian corpuscles, which are extremely sensitive to vibration.27
The same type of responses, however, have been
observed after stimulation of cutaneous receptors28
and muscle spindles.2930
The physiological studies have usually been conducted using sinusoidal vibration. Sinusoidal vibration differs from the vibration of occupational
exposures, which consists of randomly occurring
spikes. The spike character of vibration reflects its
impulsiveness and may produce shock waves that
distort tissues and increase the firing rate of the
receptors. The dynamic processes of the receptors
and the synapses as such may further modify the
responses in the central nervous system and produce
an awareness of vibration.3' 32 The awareness of vibration, which reflects the penetration of vibration
stimulus to consciousness, may thus be one factor
that is coupled with the hazard of vibration.
More information about vibration signals are
needed so that the reasons for the present outbreak
of vibration syndrome can be clarified. These addi-
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