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Scand J Work Environ Health 12 (1986) 423—427

Measures of vibrotactile sensitivity in persons exposed

to hand-arm vibration

by Robert A Hayward, BSc, Michael J Griffin, PhD?

HAYWARD RA, GRIFFIN MJ. Measures of vibrotactile sensitivity in persons exposed to hand-arm vi-
bration. Scand J Work Environ Health 12 (1986) 423—427. A group of 57 persons occupationally ex-
posed to hand-arm vibration was studied in an investigation of factors affecting their vibrotactile thresh-
olds. The group contained 42 persons with symptoms of vibration-induced white finger (VWF). Measures
of finger thresholds and temperatures were obtained from both hands. It was found that vibrotactile thresh-
olds were higher in subjects reporting VWF. A laboratory investigation indicated that finger temperature
had a great effect on the thresholds but that this effect only occurred outside the range of temperatures
found in the study of occupationally exposed persons. Laboratory research showed that vibrotactile
thresholds should be expected to depend upon vibration exposure immediately prior to the test. The vi-
bration frequency and general configuration of the vibrotactile apparatus also influenced threshold. An
awareness of these factors allows guidelines for their control to be suggested.
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Measures of vibrotactile thresholds in vibration-ex-
posed workers have been advocated as a diagnostic aid
for vibration-induced white finger (VWF). However,
there are other factors than VWF which may influence
vibrotactile thresholds. These factors may relate to the
method used to determine the thresholds (eg, vibra-
tion frequency, contactor geometry, site of the test,
practice effects) or to intrasubject variables (eg, recent
vibration exposure, finger temperature) or to intersub-
ject variables (eg, lifetime vibration exposure, alcohol
consumption, smoking, age) or to the presence of va-
rious medical conditions (eg, primary Raynaud’s phe-
nomenon, other secondary Raynaud’s phenomenon,
cardiovascular disease, nervous system disease, medi-
cation).

This paper examines some of these factors in rela-
tion to the results of laboratory studies, as well as those
of a small-scale study with vibration-exposed workers.

Vibrotactile test procedure

The apparatus and procedure used in the study were
developed with reference to laboratory studies and to
the experimental literature. It is thought that vibro-
tactile perception is mediated by two types of recep-
tors in glabrous skin, Meissner’s corpuscles, sensitive
to low-frequency vibration (< 10 to > 70 Hz), and
pacinian corpuscles, sensitive to high-frequency vibra-
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tion (< 50to > 500 Hz). There is considerable over-
lap of the two regions.

It is desirable to test vibrotactile thresholds at two
frequencies, the perception of which is mediated by
different receptor types. The vibrotactile apparatus
consisted of a counterbalanced vibrator carrying a
6-mm diameter perspex-tipped circular contactor, ex-
tending up through a 10-mm diameter solid perspex
surround. This contactor touched the finger with a
force of 1 N. An up-down method of limits was em-
ployed, the subject depressing a hand-held response
button when he could feel the vibration. The rates of
stimulus change were 0.15 ms2/s and 0.10 ms/s for
stimuli of 63 and 125 Hz, respectively. The subjects
were required to produce six consistent reversals for
each threshold determination. The work of Verrillo (6)
would suggest that, with the contactor geometry used
in this study, the frequencies of 125 and 63 Hz would
be differentially mediated. A fixed surround aids re-
peatability and also restricts the area of the stimulus.

Study with vibration-exposed
subjects

Subjects and methods

The subjects were 57 male metal workers employed on
hand-held and pedestal grinders in the forging industry.
Their ages ranged from 21 to 61 years with a median
of 54 years. Their period of vibration exposure ranged
from 1 to 44 years with a median of 23 years. Two
subjects with blanching not related to vibration expo-
sure were excluded.
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core reports of blanching.

Each subject came straight from his workplace to
pass through the following three stages of study:

1. Medical questionnaire: A questionnaire, adminis-
tered by a nursing officer, gathered information on the
subjects’ history of relevant medical disorders, social
factors (smoking and drinking behavior) and report-
ed symptoms (blanching, tingling, and numbness).
The extent of blanching was assessed by a numerical
scoring system in which a total score out of 66 for all
10 digits was obtained (3). This method is illustrated
in figure 1.

2. Medical examination: An examination by a doctor
included some functional tests on the hands of the sub-
ject and a more general medical examination. The doc-
tor provided a diagnosis as to whether white finger was
present and, if so, whether it was VWF or due to some
other cause. He also made a diagnosis of any other
relevant medical factors (eg, carpal tunnel syndrome).

3. Exposure questionnaire and objective tests: A short
questionnaire was employed to arrive at a history of
the subjects’ vibration exposure, determining the type
of tool used, the pattern of usage, and the years of
use.

Skin temperatures were then measured on the dis-
tal pads of all 10 digits with an array of thermocou-
ples mounted in a perspex block with shaped indenta-
tions for each digit to insure good contact between the
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thermocouple and the skin. Room temperature was de-
termined at the same time.

The thresholds were determined at 63 and 125 Hz
on the distal pads of each digit and on the base of both
thumbs. A practice session consisted of one threshold
determination at each frequency with the index finger
of the subjects’ dominant hand. The 12 sites were then
tested in a quasi-random order.

Results

Forty-two subjects were diagnosed as having VWF.
Two subjects with blanching not related to vibration
were excluded from the analyses. For subjects with
VWEF, 50 % had blanching scores greater than 12/33
on the worst affected hand.

The relation of VWF to vibrotactile thresholds in
this population can be seen in figure 2 for thresholds
at each test frequency. The thresholds were not signif-
icantly different from one digit to another for the unaf-
fected subjects. For all digits there was a significant
difference between the thresholds of those with and
those without blanching.

Figure 3 shows the median thresholds on a single
digit (right-hand index) for each blanching score on
the digit. The only significant differences were between
the scores of zero and all the other scores.

Smoking has been frequently cited as a factor in
VWF. In the studied population (table 1) smoking had
no effects on either the prevalence of blanching or the
vibrotactile thresholds.
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Figure 2. Median vibrotactile thresholds measured on each dig-
it of the vibration-exposed workers with (N = 40) and without
(N = 15) vibration-induced white finger (VWF) (median and in-
terquartile range). (rms = root mean square)

Table 1. Influence of smoking behavior. (VWF = vibration-
induced white finger, rms = root mean square)

Mean 125-Hz Mean 63-Hz

Percentage

Group . threshold threshold
with VWF (ms2rms) (ms2 rms)

Smokers 73 2.66 0.85

Nonsmokers 72 2.77 0.99

Other authors (7, 5) have earlier suggested that age
may have an effect on vibrotactile thresholds of the gen-
eral population. Figure 4 shows the relationship ob-
tained in this study. There was a tendency for the
thresholds to rise with increased age.

Figure 4 also shows the relation of the blanching
score to age. The findings suggest that the effect of
age on vibrotactile threshold may be partly due to in-
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Figure 3. Median vibrotactile threshoids of the right-hand in-

dex finger of the vibration-exposed workers. (rms = root mean
square)
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Figure 4. Relationship of the blanching score of the right hand
(0—33) and the 125-Hz threshold of the right-hand index finger
to the age vibration-exposed persons. (rms = root mean
square)

creased blanching among older subjects. In addition
the degree of exposure, rising with age, may influence
the threshold. The small number of subjects and the
skewed age distribution make it difficult to determine
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Table 2. Influence of previous vibration exposure. (rms = root
mean square)

Mean 125-Hz Mean 63-Hz
Group threshold threshold
(ms2 rms) (ms2 rms)
No exposure
on day of test 4.96 0.98
Exposure on
day of test 4.89 1.20
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Figure 5. Effect of skin temperature on the 125-Hz threshold
of a laboratory subject. (rms = root mean square)
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Figure 6. Effect of skin temperature on the 125-Hz threshold
of vibration-exposed persons. (rms = root mean square)

statistically the effects of these three factors on the pre-
sent results.

Possible artifactual influence

Vibration exposure immediately preceding the mea-
surement of vibrotactile threshold produces a tempo-
rary threshold shift (1, 4). It is desirable to test sub-
jects free from the effects of threshold shifts induced
by their work. Laboratory studies suggest that the time
course of recovery is rapid in unexposed subjects even
when the exposure is severe. A single normal subject
was exposed to 2 h of 80-ms™ root-mean-square (rms)
sinusoidal vibration at 125 Hz, delivered through a
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rigid handle firmly gripped. The 125-Hz threshold im-
mediately after the exposure was 1.75 ms2? rms in
comparison to the base line of 0.18 ms™ rms. The re-
covery was virtually complete after 30 min. That the
time course was of comparable length in a work envi-
ronment can be seen by from a comparison of thresh-
olds of subjects starting a workshift (ie, with no vi-
bration exposure in the preceding 12 h) with those of
subjects using vibrating tools in the period immedia-
tely preceding the test (table 2). There were no signif-
icant differences, and therefore it is suggested that the
30- to 45-min period during which the medical questi-
onnaire and examination were administered was suf-
ficient to eliminate any effect of temporary threshold
shifts.

Skin temperature is known to affect vibrotactile
thresholds (2, 8). A laboratory study on a single un-
exposed subject, measuring thresholds and finger tem-
perature while the room temperature was varied
between 8 and 32°C, showed that thresholds on the
right-hand index finger only started to rise at finger
temperatures below 20°C (figure 5). This value is out-
side the range of finger temperatures measured in the
field study (figure 6).

Discussion

To assess the relation of vibrotactile thresholds to
blanching, it is first necessary to control other factors
that may influence thresholds. (See the Introduction.)
From the results obtained in the measurement of
thresholds in a small sample of exposed subjects, some
initial guidelines may be suggested to control for these
factors.

1. Subjects with medical conditions that may in-
fluence results can be identified by a medical questi-
onnaire and examination. Their results can be looked
at with consideration for the possible confounding ef-
fects of the medical conditions.

2. Some intersubject variables may have little effect
(eg, smoking). However, it is necessary to collect da-
ta on these factors to insure that confounding effects
do not occur.

3. Some variables (eg, age) may have a significant
influence. The size of this effect can be assessed in an
unexposed population, and, if necessary, the test re-
sults collected in an exposed population may be cor-
rected.

4. The effects of some variables can be controlled
by specifying procedural constraints, for example, in-
clusion of measurements of finger temperature to in-
sure it is greater than 20°C.



5. The test procedure should take account of time-
dependent variables and therefore insure that the sub-
ject is in a controlled environment for a length of time
sufficient to eliminate the effects of, for example, tem-
porary threshold shifts.

6. The test apparatus and method should be selected
to maximize repeatability and to eliminate artifacts.
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