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Grip force in vibration disease

by MARKUS FARKKILA, M.D.!

FARKKILA, M. Grip force in vibration disease. Scand. j. work environ. & health
4 (1978) 159—166. In this experiment the hand grip force of 58 persons was measured.
The study was carried out during a compulsory health examination. The subjects
compressed with their left hand for 5 min with fluctuating maximal force and with
their right hand for 1 min with maximal constant force. The results were repeated
with five different levels of vibration and without vibration. Individual forces
varied in the 5-min experiment from 25 to 122 N. The strongest subjects were
in a group affected by white fingers, but with no claim of diminished grip force.
The weakest forces were seen in the group subjectively most-affected by vibration
disease. On the basis of this examination, it seems that in some workers long-
term exposure to vibration causes a diminution in grip force, which is a constant
phenomenon, and it does not only manifest itself during their work. During
exposure to vibration the force reduced further from the resting level among the
subjectively most-affected lumberjacks, but not in less-affected groups or in the
reference group. No vibration frequency was found to be especially disadvantageous
to grip force, and it was not possible to determine the normal limits of grip force.
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Vibration disease, a part of which is called
traumatic vasospastic disease (TVD), is a
syndrome among workers using vibrating
tools. The disease affects blood vessels in
fingers, and the nervous, bone, and muscle
tissue of the upper extremities. In Finland
40 %9 of the professional lumberjacks who
used the chain saw had symptoms of the
disease in 1972 (9). In connection with a
previous study many lumberjacks claimed
that the force of their hand grip was di-
minished (8). The subjective comprehen-
sion of the effect of grip force diminution
on work ability was examined in a field
study at Suomussalmi in northern Finland.
Of the 187 lumberjacks examined, 36 suf-
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fered from this symptom. Of these 36,
seven considered their symptoms severe,
and four said that their wages had been
reduced because of a diminution of their
grip force (10).

The physiological basis for the reduction
of hand grip force is unknown. One ex-
planation could be that the tonic vibration
reflex (TVR) is activated by vibration and
the muscle tone elevated continuously with
a concomitant reduction in contractile
force. Another possibility is a disturbance
in muscle metabolism caused by insuffi-
ciency in blood circulation, and hence a
reduction in compression force. Other pos-
sibilities could be a mechanical injury in
the contractile proteins of muscle tissue
caused by vibration or injuries in the
peripheral nerves in muscles.

Marshall et al. (6) found that there is a
reduction in the compression force of TVD
patients after 4 min when blood circu-
lation is prevented by the manchette of a
sphygmomanometer. A corresponding re-
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Table 1. Comparison of the subject groups.

Grip White Mean age Mean exposure  Number
Group force . ... + SD time of Remarks
reduced g (years) (h and range) subjects
I No No 37.1 £ 47 8,720 6 —
(3,900 — 12,800)
II No Yes 39.7 £ 7.6 12,100 16 Cold provocation test done
(7,500 — 26,800) for each, positive in 75 %
III Yes No 39.8 + 6.5 11,650 15 Anamnestic reduction in
(4,200 — 22,800) grip force: 53 %o of the sub-
jects bilaterally, others uni-
laterally (left)
v Yes Yes 444 £ 74 11,840 14 —
(3,900 — 12,800)
v No No 284 + 9.4 — 7 Reference group
Total 39.2 + 7.2 10,130 58

(3,900 — 26,800) —

duction was noted after 10 min in a
healthy reference group.

So far the diagnosis of vibration disease
has been based on anamnestic informa-
tion of white fingers and the relationship
of the symptoms to occupation. Therefore
it is difficult to estimate the severity of the
disease, and many indexes have been pro-
posed for this purpose (9, 11). The present
study focuses on the grip force symptoms.

SUBJECTS

In the spring of 1975 about 230 profes-
sional lumberjacks from the region of Suo-
mussalmi were examined (10). The lumber-
jacks had come to the annual health ex-
amination, which is compulsory in Fin-
land. About 20 lumberjacks were examined
daily, of whom I selected five to nine
subjects for grip force measurement on the
basis of symptoms of white fingers, re-
duced compression force, and numbness of
hands. In order to investigate separately
the roles of vibration exposure and vaso-
spastic attacks on grip force, I grouped the
lumberjacks and referents according to the
following criteria:

Group I: professional lumberjacks who
had no symptoms of vibration disease.

Group II: professional lumberjacks who
had no subjective change in grip force, but
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had had white fingers during the past two
years.

Group III: professional lumberjacks who
had a subjectively diminished grip force
unilaterally or bilaterally but had never
had any attacks of white fingers.

Group IV: professional lumberjacks who
had a subjectively diminished grip force
and white fingers.

Group V: a reference group; it consisted
of men with the same employer (Metséhal-
litus), e.g., harvester drivers, farmers, who
had never used the chain saw or other
vibrating tools professionally.

The grip force of 58 persons was
measured. The number, ages, and exposure
times of the subjects are presented in table
1. All the subjects examined were right-
handed, and they did not have previous
lesions in their hands or arms.

METHODS

To evoke vibration in the hand, I used a
dynamic shaker (Ling 403). For the mea-
surement of grip force, the handle of the
shaker consisted of two metal bars (dia-
meter 25 mm, length 1,400 mm) with
strain-gauges (Honeywell-Selcom). The
output voltage of the strain-gauges was
recorded with an inkwriter (Watanabe



H611). The vibrator was driven by sinusoi-
dal voltage. The acceleration level and
frequency were changed step by step in
the following way: acceleration level was
kept at 5 g (rms values) when the fre-
quencies were 30 and 60 Hz, and at 10 g
when the frequencies were 100, 200 and
400 Hz. (The lower acceleration level was
chosen to protect the vibrator.) The test
subject sat on a chair while he leaned on
a table with one hand and compressed the
handle with the other. The wrist and lower
arm composed a flexion angle of 150°. The
elbow was slightly flexed. The axis of the
vibration was linear to the lower arm.

Each subject was tested in two experi-
ments. Always in the first experiment the
subject pressed the handle with his left
hand repeatedly with maximal force in
pace with the strokes of a metronome. The
frequency was one grip in 5 s; the com-
pression lasted for 2.5 s and was followed
by a pause for another 2.5 s. This rhythmic
compressing lasted for 5 min. This 5-min
test of compressions was repeated six
times (interval between the trials 10 min),
once without vibration and with vibration
at frequencies 30, 60, 100, 200, and 400 Hz.
In the second experiment the maximal
continuous grip force was measured during
1 min with the right hand once without
vibration and with vibration of the same
five frequencies (interval between the
trials 2 min). The blood flow remained
unaffected in the 5-min test, but the 1-
min test represented anaerobic muscle
work (5). Both experiments were per-
formed simultaneously by two subjects,
and the starting frequency was decided
by lot. The following frequencies were
then an increase with one dose. To avoid
rivalry between the subjects, I did not
allow the subjects to reveal their results
to each other, and they were not aware
of their performance during the test. The
examination room temperature was
between 18—20° C, and the skin tempera-
ture of the arm was checked before the
test.

The vibration exposure time was count-
ed from the subjects’ responses to ques-
tions on how many hours they used the
chain saw daily, how many days they
worked in a month, how many months
they worked in a year, and how many
years they had worked in such a manner.

RESULTS
Individual recordings

In the 5-min experiment there was indi-
vidual variation in the shape of the suc-
cessive grip forces (fig. 1). These com-
pression profiles were quite individual, and
interindividual differences were larger
than the intraindividual ones. Some
fluctuation was noted in the level of
the force during the 5 min. The grip
force gradually decreased grip by grip
until there suddenly came a new wave
of grip force, which again decreased.
The fluctuations were the most marked
in the beginning of the recordings. There
were similar features in the 1-min test.
To some degree the subjects could estimate
the test time and adapt their forces so that
there often appeared an attempt to make
a final effort, seen in the recording as
an “end-spike” (fig. 2).

These oscillations in grip force were also
noted in recordings from subjects whose
grip forces were lower, which indicate that
also these subjects were trying to compress
with maximal force. The arithmetic mean
force of the plate values was calculated
for all of the 60 grips for each subject at
every frequency. In the 5-min test the
mean forces varied between 25 and 122 N.
However, for each individual the forces
were quite constant in repeated trials
(<20 N). Fig. 3 presents the distribution
of the mean grip forces of the left hand.
The results were similar for the right
hand.

Grip forces in different groups

Fig. 3 shows that the material examined
consisted of both strong- and weakhanded
men. However, the lowest forces were re-
corded in group III, which complained of
diminished grip force, whereas forces ex-
ceeding 100 N were more common in group
II, the members of which had white
fingers. The subjects in group IV were the
weakest. When the forces were compared
between the groups, the strongest forces
were found in the reference group (V) and
in the white-finger group (II). The forces
in the asymptomatic vibration-exposed
group (I) were the same as in group IIIL
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Fig. 1. Examples of the grip force profiles in a 5-min experiment with the left hand.

A=

lumberjack, 39 years old, sawing time 7,600 h, who suffered from white fingers and had a grip
force that was subjectively diminished; the recording is 4 min after the beginning, vibration 400
Hz, 10 g. B = lumberjack, 49 years old, sawing time 13,100 h, who suffered from white fingers
only; the recording is 30 s after the beginning, vibration 100 Hz, 10 g. C = lumberjack, 30 years
old, sawing time 13,100 h, who suffered from white fingers, a subjectively diminished grip force,
and numbness in the hands; the recording is 4 min and 30 s after the beginning, vibration 400
Hz, 10 g. D = farmer, 33 years old, who had never used the chain saw professionally and who
had no symptoms; the recording is 2 min after the beginning, vibration 60 Hz, 5 g.)
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Fig. 2. Typical recording in a 1-min experiment with the right hand of a 43-year-old harvester
driver who had never used a chain saw and had no symptoms.
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Fig. 3. The distribution of the 58 subjects
examined according to their left-hand grip
force.
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Fig. 4. Five-minute experiment with the left
hand without vibration. The means and stan-
dard errors of the means of the grip forces in
groups II and III. The mean forces of group
II were continuously stronger than the those of
group III, statistically highly significant, p <
0.005. (One-way analysis of variance, mul-
tiple t method).

In the 5-min experiments the forces in the
reference group were of the same magni-
tude as in group II. The forces in group III
were lower at every vibration frequency
when compared to those in group II, which
is presented in fig. 4 (multiple t test, p <
0.005).

In the 1-min experiments the forces of
the referents were higher than those of the
others, including the white-finger group
(II) (multiple t test, p < 0.01).

The shape of the curves was similar for
all groups. The force decreased by about
40 %o of its starting value during the 5-
min time period. The result has been
calculated from the mean of all the fre-
quencies of all the 58 subjects tested. Over
half of the reduction in force took place
during the first minute. During the second
minute the forces diminished another 20 %o
out of the whole reduction, and after that
10 % in a minute. In the 5-min experiment,
the force decreased from 130 to 64 N in
the reference group. In the subjectively
greatly affected group IV the forces de-
creased from 85 to 49 N in the same ex-
periment. The results have been calculated
from recordings without vibration, but the
results were alike during vibration ex-

posure. The reductions in other groups
were respectively: group III from 95 to 59
N and group II from 123 to 76 N.

Effect of vibration on grip force

In general the forces were somewhat
weaker during vibration than without it.
The force of the most affected subjects
(group IV) was reduced as compared with
the referents (fig. 5), and during vibration
exposure the force diminished still further
(fig. 6) (multiple t test, p < 0.01).

The result was similar in the 1-min ex-
periment. This phenomenon was not
noticed in other groups.

The grip forces diminished in the same
way at every vibration frequency, which
was noted during the 5 min. Fig. 7 shows
the mean results of the 58 subjects ex-
amined at different frequencies. In the 1-
min experiment of the right hand there
was a significant difference (p < 0.01)
between the controls and those with ex-
posure to vibration at 30 Hz frequency.
At other frequencies the differences
between the groups were very small.

COMPRESSION
FORCE (N)
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Without vibration

60

509 with vibration

- TIME
5 (min)

Fig. 5. Five-minute experiment with the left
hand without vibration. Means and standard
errors of the means of the grip forces in groups
IV and V. The differences in grip forces were
statistically highly significant (p < 0.005).
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Fig. 6. Reduction in grip force caused by vib-
ration in group IV (most affected). Means and
standard errors. The vibration wvalues were
computed from all five frequencies tested. The
difference was statistically significant (p <<
0.01).

Correlation between grip force, vibration
duration and the experimental procedure

The grip force in the 5-min test did not
depend on the time of occupational vibra-
tion exposure. The linear regression of
grip force and occupational vibration ex-
posure in the right-hand test is seen in
fig. 8. Everyone who complained of
diminished force had sawn at least 6,000
h. The subjectively most-affected subjects
with their grip force symptoms (10) had
sawn about 11,100 h. Their mean age was
42.8 years, and the mean age of all the
subjects was 39.2 years. The mean latency
time before vasospastic disorders for chain
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Fig. 7. Mean grip forces of all the 58 subjects
in the 5-min experiment without vibration and
with vibration at 100, 200 and 400 Hz. The dif-
ferences were statistically nonsignificant (p <
0.25).

saw operators is 5,600 h (9). On the basis
of these results it seems that grip force
diminution is correlated positively to
vibration exposure, and the result is not
an effect of weakening of the hands during
ageing. The motivation of the subjects to
compress did not affect the results in these
experiments, which were repeated six
times. When the mean forces in com-
pression order of all the 58 subjects were
compared, only a slight reduction was
found from the first experiment to the
sixth. The mean force at the frequency
first tested was 85 N, in the second test
79 N, in the third 74 N, in the fourth 75 N,
in the fifth 74 N and in the sixth one 72 N.

Fig. 8. Dependence of the mean grip forces and
duration of vibration exposure. One-minute
experiment, right hand. The mean force
during all 1-min tests of each subject. In the
statistical analysis there was no simple linear
regression of grip force on exposure time, least
square method.



DISCUSSION

The test subjects were chosen according
to history, and the test schedule was
decided by lot. Those anamnestically
weakhanded considered their forces to be
diminished either unilaterally or bilater-
ally. The symptom was bilateral in 53 %o
of the subjects, and, if unilateral, then the
left hand was always affected.

The measurements did not correlate with
the anamnestic unilateral diminished force.
The compression force profiles noticed in
individual curves were not typical of any
group or the force used. In most cases the
compression force profile was of the same
type during the 5-min test. The shapes of
the profiles reflected more the reaction
velocity, the intensity of the performance,
and the motivation of the subject. Fluctua-
tions occurred in the compression force
during both experiments, and I considered
them as a sign of intensity in the grip
force. The more fluctuations, the nearer
the subject was to compressing with his
maximal force. It was very difficult to say
what is a “normal” force. The deviation
in the different groups was large, and
even intraindividual wvariation was re-
markable, although smaller than the inter-
individual variation. The grip force mea-
surements were affected by the motiva-
tion of the test subject, but this fact did
not have an effect on the results. The
curves were very much of the same shape
in repeated trials, and the forces decreased
only slightly from the first to the sixth
registration. The lumberjacks were moti-
vated by their work, and they were not
looking for any social advantages through
this experiment. According to the mea-
surement it seems that the history can be
relied on, at least in this kind of health
examination.

Previous experience with compression
force changes is controversial. Teléky (12)
described hypothenar muscle atrophy and
atrophy of the small muscles of the palm
to be associated with exposure to vibration.
The grip force was found to be decreased
anamnestically in a field study at Suomus-
salmi (10). Hellstrdm and Lange-Andersen
(4) measured maximal isometric compres-
sion force among referents and a group
exposed to vibration. They could not find
differences between these groups. They

concluded that probably the decrease in
grip force is not associated with vibration
disease. Negative results of the same
kind have been published by Agate (1) and
Ashe et al. (2).

The activation of the tonic vibration
reflexes (TVR) could be the cause of di-
minished force. For the activation of TVR
a sufficiently high amplitude (1—2 mm) is
essential, and TVR is considered to be
especially sensitive at vibration frequen-
cies from 40 to 700 Hz. The dominant fre-
quency of devices causing vibration disease
is in the same range. In addition exposure
to cold has been considered to increase the
intensity of TVR (3). According to this
examination, it seems that the activation
of TVR is not responsible for the decrease
in grip force during vibration in acute ex-
posure, as in this experiment. If TVR
would have been activated, the forces
should have increased in the beginning of
the recordings, but invariably the forces
diminished after the starting grip. But the
decrease can be a chronic effect of TVR.

The diminished blood flow in the hand
muscles could be the cause of the dimin-
ished grip force. Teléky (12) considered
that the atrophy of hypothenar and palmar
muscles is due to microtraumas of the
blood vessels and mechanical compression.
His theory is supported by the observation
that the atrophies do not follow the
boundaries of nerve branches. In this
examination I found that the forces be-
tween group II and the reference group
were equal in the 5-min test, and the
forces of group II were larger than those
of group III (fig. 4). Okada et al. (7) mea-
sured muscle blood flow among subjects
with Raynaud’s phenomenon and com-
pared it with that in reference subjects.
They found that Raynaud’s phenomenon
was associated with diminished blood
flow in palmar muscles. Thus it seems
that the diminished blood flow is not re-
sponsible for the reduced grip force, and
the reduced compression force is not as-
sociated with white fingers. The force was
reduced in group IV in comparison with
group II, but this observation does not
reveal the etiology of the mechanism of
force reduction. It only shows that the
more affected the subjects the smaller the
forces.

Another possible mechanism could be
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lesions of peripheral nerves in muscle
tissue or disturbances in the function of
muscle contractile proteins. Hellstrém and
Lange-Andersen (4) concluded in their
examination that the atrophies, if they do
exist, are due to lesions in peripheral
nerves. The present examination does not
clarify these reasons.

According to my results it seems that the
vasospastic symptoms and diminished
compression force have different patho-
physical mechanisms. This conclusion is
supported by the equal compression forces
of group II and the referents, and by the
diminished compression force in group III
without any wvasospastic symptoms. Be-
sides, everyone suffering from diminished
compression force had used the chain saw
more than 6,000 h, and the four lumber-
jacks most affected with grip force symp-
toms had a mean vibration exposure of
11,100 hours. Therefore there was a cor-
relation between vibration exposure and
compression force symptoms.

It seems that among some workers long-
term exposure to vibration causes a dimi-
nution in grip force which is a constant
phenomenon, and it does not only mani-
fest itself during their work. During ex-
posure to vibration the force reduced
further in the group of subjectively most-
affected lumberjacks (group IV). In the
other groups this phenomenon was not ob-
servable. No vibration frequency was
found to be particularly harmful to grip
force in any of the groups examined, an
observation important for the planning of
ergonomically optimal vibrating tools.

It is possible that vibration disease mani-
fests itself in different ways in different
people. In some workers vibration causes
a vasospastic disease, and in others the
symptoms of diminished grip force or
numbness dominate.

Received for publication: 13 December 1977
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