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Table 4 Sensorineural and vascular symptoms among workers exposed to vibration (n=94; 71 presently exposed and 23

previously exposed to vibration)
Group A B C
Grouping based on Stockholm workshop scale Numbness Numbness No symptoms
(sensorineural staging) perpetual periodically
Scores =2 =1 =0
People (n)}:
Total 11 21 62
Presently exposed 8 18 45
Previously exposed 3 3 17
SI total (mean) 0.39*** 0.55* 0.63
Symptom scores:
Numbness 3.5%** 2.1%** 1.1
Impaired grip strength 2.5% 1.5 NS 1.2
Tendency to drop items 2.3*% 1.6 NS 1.1
Pain in wrist 2.4* 2.1* 1.3
Pain in fingers 2.6%** 1.9* 1.1
Difficulties in handling buttons 1.7 NS 1.5NS 1.1
Tremor in hand or arm 2.3* 1.8 NS 1.3
Cold sensitivity 2.8** 1.9NS 1.5
Vibration white finger 2.4 1.9NS 1.3
Stockholm workshop scale:
Vascular staging 0.4 NS 0.5 NS 0.1
Cold sensitivity 0.3* 0.1 NS 0.1
Clinical examination:
2 Point descrimination (mm) 6** 3 NS 3
Opposition of fingers: pathological (%) 27** ONS 0
Abduction of fingers: pathological (%) 18* 0 NS 0
Tinel’s sign positive (%) 45 NS 29 NS 19
Phalen’s test positive (%) 55%% 29 NS 13
Allens’ test (%) ONS ONS 0
Background data:
Age (y) 41.3 (10.3) 38.4 (11.0) 40.2 (13.0)
Calender years with exposure 18.8 (10.6) 15.4 (11.0) (n=20) 14.4 (11.9) (n=57)

Full time (8 h/day) exposure (y)

Mean h/day of exposure

Minutes yesterday of exposure

Calendar years since stopped working with vibrating tools
Years in current work

Smokers (%)

Body mass index

8.3 (7.9) (n=9)
3.6 (2.6) (n=9)

181 (193) (n=7)

2.3 (2.4) (n=2)

5.9 (8.0) (n=14)
3.1 (2.5) (n=14)

128 (114) (n=14)
8.0 (7.1) (n=2)

4.9 (5.7) (n=46)
3.2 (2.9) (n=46)
156 (160) (n=38)
13.2 (12.3) (n=16)

13.2 (13.6) 11.9 (10.2) 12.8 (11.9)
45 62 44
26.5 (3.4) 25.5(3.2) 25.3 (3.5)

*=P<0.05; **=P<0.01; ***=P<0.001.
1+=Group A v B only P<0,05.

$n=11, 21, and 62 in groups A—C if not otherwise stated. Symptom scoring is 1-4 ( see subjects and methods). For background data
mean (SD) are given. Grouping based on Stockholm workshop scale (sensorineural staging). Statistical test is Mann-Whitney U test
except for proportions when Fisher’s exact test was used. Groups A and B are compared with group C.

creasing severity of sensorineural symptoms in
workers exposed to vibration was reflected in
an increased tendency for symptoms—such as
numbness in the hands and fingers, impaired
grip strength, pain in the wrist, pain in the fin-
gers, and tremor in the hands or arms (table 4).
The Stockholm workshop scale (sensorineural
staging) was related to vibrotactile sense, as
were cold sensitivity and white fingers. Only in
the group “perpetual numbness”, were there
signficant clinical findings such as two point
discrimination, and pathological findings such
as opposition and abduction of fingers.

Table 5 shows various ranges of SI (all blue
collar workers and the trainees at the workshop
school) are matched against sensorineural,
muscular, and vascular symptoms. An impor-
tant finding was the impaired grip strength
with decreased SI. With SI >0.79 there were
few complaints of nocturnal numbness in the
hand whereas such complains occurred in-
creasingly often with decreased SI. Also most
of the other sensorineural symptoms followed
the same tendency. For SI <0.50 there was a
high frequency of sensorineural, vascular, and
muscular symptoms. Clinical findings were
noted mainly in the group with SI <0.35.

CHANGES IN VIBROTACTILE SENSE FOR THE
TESTED FREQUENCIES (8-500 Hz)

Changes in vibrotactile sense for the tested fre-
quencies (8-500 Hz) for all workers (n=135)
(divided in subgroups based on SI >0.64,

0.50-0.64, and < 0.50) are shown as the differ-
ence (AdB) between each person’s test fre-
quency and the age matched control figure.'
These figures were then normalised to an age
of 40 years. A lower mean figure of the SI
groups gives the results that all tested frequen-
cies (8-500 Hz) are affected (fig 2).

SMOKING VERSUS VASCULAR AND SENSORINEURAL
SYMPTOMS

Table 6 shows the occurrence of vascular and
sensorineural symptoms in manual workers
exposed to vibration (previously and presently)
versus those not exposed to vibration among
smokers and non-smokers. In the non-exposed
group no cases of white fingers occurred
among the non-smokers whereas white fingers
were noticed among smokers. All smokers
showed higher frequencies of white fingers,
cold sensitivity, and impaired grip strength, but
the differences were significant only for the
workers exposed to vibration. No other sen-
sorineural symptoms reached significance.

Discussion

EXPOSURE TO VIBRATION VERSUS SENSORINEURAL
SYMPTOMS AND VIBRATION WHITE FINGER

There was a clear relation between a lower
vibrotactile sense and more pronounced sen-
sorineural symptoms (table 5) and between
vibrotactile sense and the Stockholm workshop
scale (sensorineural staging), (table 4). This
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Table 6 Smoking in blue collar workers not exp:
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Table 5 Vibrotactile sense in a total of 135 people (all blue collar workers exposed to vibration; presently (n=71), formerly
(n=23), and non-exposed (n=22), and the trainees at the workshop school (n=19) versus subjective sensorineural and

vascular symptoms
Group A B C D E P value
Grouping based on SI total <0.35 0.35-0.49 0.50-0.64 0.65-0.79 >0.79
SI total (mean) 0.25 0.45 0.58 0.71 0.85
Number of people (n) 9 25 51 39 11
Symptoms (%):
Numbness (%) 78 56 29 15 9 <0.001
Impaired grip strength (%) 33 36 14 10 9 <0.01
Tendency to drop items (%) 56 28 14 3 0 <0.001
Pain in wrist (%) 56 44 27 28 18 <0.05
Pain in finger (%) 67 32 20 23 9 <0.01
Difficulty with buttons (%) 33 8 12 8 0 NS
Tremor in hand or arm (%) 89 24 18 21 18 <0.001
Pain in past year:
Neck (%) 44 24 10 33 38 NS
Shoulders (%) 56 20 18 36 45 NS
Elbows (%) 33 20 10 8 9 <0.05
Hand (%) 56 36 25 21 27 NS
Cold sensitivity (%) 56 32 27 26 27 NS
White fingers (%) 44 32 24 13 18 <0.05
Clinical examination:
2 Point description (mm) 5 3 3 3 3
Opposition of finger: pathological (%) 22 4 0 0 0 <0.01
Abduction of finger: pathological (%) 22 0 0 0 0 <0.01
Tinel’s sign positive (%) 56 28 14 15 9 <0.01
Phalen’s test positive (%) 67 16 14 15 27 NS
Allens’ test (%) 0 0 0 0 0 NS
Background data:
Age (y) 35.8 (11.5) 41.0 (12.8) 37.3 (15.0) 34.8 (13.7) 38.3 (14.0)
Body mass index 25.5 (4.5) 26.4 (3.1) 249 (3.2) 24.6 (3.4) 244 (3.1)
Smokers(%) 56 56 49 51 36

Groups are divided according to the results of the SI and all groups are significantly different from each other (Mann-Whitney U
test P<0.001). x* for trends were used for frequencies. For background data means (SDs) are given.

finding and it is also supported by the results of
Yamada e al”® The relation was not so
pronounced for cold sensitivity and white
fingers.

Results from an epidemiological study indi-
cated that there may be an exposure-response
relation for exposure to vibration and
neurological disturbances."? In our study there
was no clear correlation between time of expo-
sure to vibration and changes in vibrotactile
sense (table 3) but there was a trend when
grouping was based on the Stockholm work-
shop scale (sensorineural staging, table 4). The
explanation may be that the questionnaires,
although they have been validated, are not very
good for assessment of time of exposure to
vibration. The possibility that the vibrotactile
sense is affected early in exposure may be an
explanation for the findings that there was no
significance difference between the mean SI for
all the groups exposed to vibration and the
non-exposed groups. Many factors may help to
explain this finding such as individual varia-
tions in vulnerability to vibration trauma, vari-
ations in working technique and grip force
around the tool, and variations in type of hard
manual work, which also may affect the trans-
mission of vibration to the hand.

d and pr ly and presently exposed

to vibration versus vascular and sensorineural symptoms

Symptom Exposure Non-smokers (%)  Current smokers (%) P value

White fingers Non-exposed 0 (n=9) 23(n=13) NS
Previously and 18 (n=49) 38(n=45) <0.05
presently exposed

Cold sensitivity Non-exposed 11 23 NS
Previously and 22 49 <0.01
presently exposed

Impaired grip strength Non-exposed 0 8 NS
Previously and 14 33 <0.05
presently exposed

Frequencies (%) of symptoms (according to questionnaires). Statistics by Fisher’s exact test.

It was not possible to establish a valid quan-
titative relation between sensorineural distur-
bances and exposure to vibration.”’ '** Per-
haps the lack of this relation could be explained
by the healthy worker effect, as a very healthy
worker may tolerate exposure to vibration
much better than an average worker. The
healthy worker effect has been known for more
than 100 years, but the term first appeared in
print in 1974.” It comprises the healthy hire
effect, the healthy worker survivor effect, and
the decline in health with time since hire.”
Changes in lifestyle (improved economic sta-
tus, better access to medical care, and changes
in lifestyle) accompanying employment should
also be included.” Ohlson et al° found that
among assembly workers those who worked
fastest had a lower prevalence of musculo-
skeletal symptoms of the neck and hand-arm
system. Interestingly, the group with the
longest exposure to vibration sometimes gives
unexpectedly good results. According to table
3 a healthy worker effect may exist. The mean
SIs are about the same in the groups exposed to
vibration (table 3). Letz ez al'® found that there
were no further increases in reporting sen-
sorineural symptoms in workers with more
than 17 000 hours of exposure to vibratory
tools. However, the healthy worker effect has
seldom been discussed for hand-arm
vibration.'*

IMPAIRED GRIP STRENGTH

A two year follow up study on the hand grip
force in lumberjacks®' suggested that long term
exposure to vibration causes a decrease in
muscle force, and not only in laboratory
experiments.”” *» Decreased grip strength and a
correlation with vibrotactile sense was also
found in a study of 462 chainsaw operators.”
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It is important to find the frequencies which
may have serious effects on the musculoskeletal
symptoms. Low frequencies (<50 Hz) are
mainly transmitted to the hand and the
forearm, whereas higher frequencies are mostly
absorbed by the hand." A study by Okada*
showed that after vibrating the hind legs of a
rat, the activity of plasma creatine phospho-
kinase was significantly increased at 30, 60,
120, 240, and 480 Hz and was especially high
at 30 Hz.

The transmission of vibration may be
dependent on body weight” but we did not find
any correlation in our study (tables 3-5) when
using the more accurate body mass index
(BMI).

Vibration induced muscle injury in the hind
limb of rats has been shown by Necking et al.*
When the hind limb was subjected to vibration
over periods of two to five days early signs of
muscle fibre degeneration were noticed as an
increased frequency of internal nuclei in the
muscle fibres* as well as changes in the muscle
fibre area.

Martin and Armstrong presented a model to
describe the way in which vibration induced
alterations of motor control may cause or
aggravate musculoskeletal and peripheral nerve
disorders.”®

The relation between impairment in vibro-
tactile sense and grip strength indicates that
impaired sensory feedback may contribute to
muscle weakness. The results of our findings
with higher frequencies of impaired grip
strength in the hands (table 4) in blue collar
workers exposed to vibration are in accordance
with these studies.

COLD SENSITIVITY

The results in table 4 show a relation between
cold sensitivity and white fingers in the group
with the lowest SI values (mean 0.39). The
symptom cold sensitivity (or cold intolerance)
is often experienced as a vascular problem. The
decreased occurrence of cold sensitivity paral-
lel to the increased occurrence of white fingers
after 11 to 20 years of exposure (fig 3 in the
study by Strémberg ez al’ indicates that cold
sensitivity may be a pre-stage of white fingers).
Our groups were not large enough to support
such conclusions.

VIBROTACTILE SENSE

In a study on 171 healthy men'® not exposed to
vibration or hard manual work, SI was consid-
erably higher (>0.80 ) than in our study. Not
only vibration but also manual work may affect
vibrotactile sense (see the unexposed group
with an SI mean of 0.63, table 3). A possible
explanation may be a subclinical level of inter-
ference with the median nerve at wrist level
induced by hard manual work.”

Our results indicate that an SI of 0.50-0.64
may be a critical range, as when SI is <0.50
there is a clear rise in frequencies of sen-
sorineural symptoms.

In the study by Lundborg ez a® a high (83%)
incidence of sensorineural symptoms was
noted for all four fingers tested in patients with
brachialgia (n=30) without any obvious cause,
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but also in workers exposed to vibration
(n=146, 53%). This is in line with our results
(fig 1).

Neurophysiological studies have shown that
most of the increase in tactile perception
threshold involves peripheral receptor
mechanisms."* The earliest sign of decreased
vibrotactile sensation is a flattening of the peak
of the curve of the vibrogram. In more
advanced stages both higher and lower fre-
quencies are decreased.’ Figure 2 shows that all
tested frequencies were affected. When a
correlation was made between different bio-
logical factors of the subjects’ hand-arm
systems and the mechanical impedance as a
function of the frequency, in the frequency
range of about 200 to 300 Hz where the
impedance has a low point, the highest correla-
tion was found for the grip force applied by the
subject.*® A comparison of single (100 Hz) and
multifrequency (8-500 Hz) tactilometry with
neurological symptoms was made by Wen-
emark et al.'” The results showed a relation (not
very strong) between the instruments used, but
there were technical differences such as probe
size and contact force that may have influenced
the results. According to our results (fig 2) it
seems most appropriate to use a multifre-
quency method. This is also desirable from a
neurophysiological point of view.*

In compression neuropathies changes in
vibrotactile sense are early signs, always
appearing before changes in two point dis-
crimination and often appearing before im-
pairement in nerve conduction velocity.!! We
found pathological two point discrimination
only in the group with the lowest vibrotactile
sense (SI mean 0.39 (table 4)). Many investiga-
tors have found a modest relation between
vibrotactile thresholds and nerve conduction
measurements. The results indicated that
vibrotactile thresholds do not measure the
same neurological attributes as nerve conduc-
tion velocity and electromyography, and thus
are not fully equivalent to electrophysiological
evaluation.® ¥

There is no systematic influence of time of
day on vibration sensation threshold.* Vibro-
tactile thresholds are not affected by skin tem-
perature over the range usually encountered in
study subjects tested at normal ambient
temperature.” There is no correlation between
skin thickness and vibration perception
threshold.*

Alcohol consumption is commonly pre-
sumed to affect neurological performance and
measurement of vibrotactile threshold. Only
those subjects with serious social or medical
consequences of ethanol consumption have
been found to have increased vibrotactile
thresholds.” It can be of only minor im-
portance in this study, as the company nurse
(industrial health care service) has had knowl-
edge of all the blue collar workers for more
than 30 years (most of them live in the same
small town). Most of the workers were skilled
men doing a heavy job, which would have been
impossible if they were alcoholics.

The use of tobacco seems to aggravate the
symptoms of white finger and to result in
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increased reactivity in a cold provocation test.*
According to Nilsson et al*® nicotine is of minor
importance relative to exposure to vibration.
Letz et al'® noticed that smoking was signfi-
cantly related to vascular and sensorineural
symptoms but age was not. Our study gives
some support to the negative effects of smoking
on white finger, cold sensitivity, and impaired
grip strength (table 6).

STOCKHOLM WORKSHOP SCALE (SENSORINEURAL
STAGING) AND CLINICAL EXAMINATION

Table 4 shows that the clear differences in
mean SI for the different stages could actually
serve as a validation of the Stockholm work-
shop scale. This staging seems to be more sen-
sitive than the clinical examination, as a clinical
examination identifies only the pathological
symptoms found in the most severe cases and is
not sensitive enough to prevent vibration
related injuries.

CONSIDERATIONS OF STUDY DESIGN AND BIAS
There are several considerations involving
potential bias in a cross sectional study. As 7%
of the study participants refused to participate
in all parts of the study, the prevalences of the
symptoms reported for the responders are
biased estimates of the true prevalences among
the entire population. However, this bias is of
minor importance as we have complete data
from 93% of the group. The exclusion of peo-
ple with medical conditions that cause symp-
toms similar to hand-arm vibration syndrome
would cause underestimation of the prevalence
of disease. However, only 13 people (8%) were
excluded because of such a disease or
medication. As not only active workers were
studied, but also those formerly exposed to
vibrating tools (with the exception to the few
who had left the industry), the figures should
be fairly accurate. There is a lack of exact data
on exposure to vibration, but as the workers
had been working with many different tools
(table 2) for between one and 47 years, a ques-
tionnaire is a compromise. The participants
may have overreported symptoms as they were
aware of the purpose of the study. The
agreement between the objective vibrotactile
sense and subjectively reported symptoms
(table 5) argue against the symptoms having
been overreported. Impaired hand grip was
only measured by questionnaries, which is a
weakness in the study. All questionnaires have
been validated.

Non-parametric statistical tests were mostly
used because of small sample size and skewed
distributions. Mean values are given for symp-
tom scores despite a rank scale being used. The
problems this raises have been discussed, as it
can both overestimate and underestimate the
true figures. This cannot be the only explana-
tion for the results showing relation between
vibrotactile sense and sensorineural symptoms
(table 4 and 5). The results are also unlikely to
occur from so called mass significance as our
results accord with what would be expected
and other research.”

Normally there is only one vibrotactile sense
test per person in a cross sectional study like

Flodmark, Lundborg

this, but as we used the mean of the four fingers
tested (SI total), the results at least at a group
level still can be of value. The SI as used in this
study followed the standard description.”

Conclusions

The relation between impairment in vibrotac-
tile sense and grip strength indicates that
impaired sensory feedback may contribute to
muscle weakness. We think that the SI is a use-
ful tool in assessing vibrotactile sense and
evaluating the severity of sensorineural symp-
toms induced by vibration and in verifying the
patients’ clinical complaints. Vulnerability to
vibration trauma may vary considerably from
person to person, and the technique is
probably most valuable on an individual basis
in the long term to verify or exclude the devel-
opment of nerve injury induced by vibration.
Ideally there must be measures of the combina-
tion of exposure to vibration and all other bio-
logical factors affecting the hand-arm system.
The SI could be such a measure for distal
hand-arm symptoms.
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mation Technology, University Hospital MAS, Malmé, Sweden,
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