










Table 7 Prevalence of carpal tunnel syndrome in control and vibration groups

Groups No in each group No with No without Significant differenices
carpal tunnel carpal tunnel between control and
syndrome syndrome vibration groups

Control 15 1 14 Fisher's exact test =
0 037

Vibration 16 7 9 x2 test = p < 0 05
(Yates's correction)

Total 31 8 23

(NB Diagnosis of carpal tunnel syndrome is based solely on relationship of amplitudes of digital action potentials evoked from fingers supplied
by median and ulnar nerves.)

changes were found in four men; in the rest only the
right hand was affected. The x2 test showed that the
difference between the groups for this syndrome was
statistically significant (p < 005).

Sensory conduction velocity (table 8)
The mean SCVs in the digits varied from 47 0 m/sec
to 520 m/sec in the vibration group and from
51-0 m/sec to 53 0 m/sec in the control group. The
difference between the groups was significant
(p < 0 05) only in the first digit supplied by the
median nerve in the right hand. The results were
much higher (55-0-60-0 m/sec) in the students.

Discussion

The results summarised in table 9 strongly suggest
that neurophysiological changes often occur in
subjects who regularly use vibratory tools. From the
table it may be seen that, with the exception of the
sensory duration, the median nerve is affected more
than the ulnar nerve. Statistically the difference
between the groups is significant for motor and

sensory latencies (p < 005), sensory duration
(p < 0-01), and sensory amplitude (p < 005) in
the median nerve and only for sensory duration
(p < 0-001) in the ulnar nerve. Whether these
changes are related to VWF or not is difficult to
say, since they do not show any specific relationship
with the different stages of VWF. This may be
partly due to the fact that the total number of men
studied was small and because some of the men in
the stage V0 of VWF did, in fact, belong to the
intermediate stage of VON and VONT. With the
exception of sensory duration, the students had
values that were closer to but higher than the
controls. The variation observed in the sensory
duration is difficult to explain, but the other changes
could be regarded as a function of age and exposure
to hard work. Normally there is a systemic
negative correlation between age and conduction
velocity.13-'5 The students, being in the lower age
group, will therefore be expected to have higher
values. Apart from this age factor, it is not un-

common to find neuropathy by sensitive methods'6
among working populations whose work entails

Table 8 Measurements (m/sec) ofsensory velocity (as means) in students, controls, and in the vibration group
for each digit in both hands

Digits Students (n 25) Control group (n = 15) Vibration group (n = 16) Significant differences
- between control and

Mean (SD) Mean (SD) Mean (SD) vibration groups

Right hand
Median nerve

Digit 1 55 (5-3) 5i (4 0) 48 (6 6) *
Digit 11 58 (5 7) 51 (5-9) 48 (8 0) NS
Digit III 60 (4 9) 51 (54) 48 (9-7) NS
Digit IV 56 (5-1) 51 (5 6) 47 (8-1) NS

Ulnar nerve
Digit IV 57 (4-4) 51 (4 5) 51 (8-6) NS
Digit V 56 (4 4) 52 (5 0) 52 (8 6) NS

Left hand
Median nerve

Digit t 57 (3-7) 51 (4 5) 48 (6-1) NS
Digit It 56 (4-5) 51 (5-9) 49 (7-1) NS
Digit III 59 (3 9) 51 (6 5) 50 (7 9) NS
Digit IV 60 (5 0) 51 (5 9) 49 (7 3) NS

Ulnar nerve
Digit IV 55 (3 7) 53 (5 5) 51 (8 6) NS
Digit V 54 (4.1) 52 (4 9) 52 (8 2) NS

* p < 0-05; NS p > 0-05.
See footnote to table 3.
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Table 9 Main electrophysiological changes in means by the median and ulnar nerves and the clinical stages of VWF

Parameters studied Control group Vibration group Significant differences between
(n = 15)

VO + V2 + V3 V2 + VI V3 Control and Control and Control and
(n 16) (n= 12) (n = 9) VO + V2 + V3 V. + VI V3

Motor latency (msec)
Median nerve 3-7 4-0 4 0 40 * * *
Ulnar nerve 2-9 3 0 3-0 3-0 NS NS NS

Sensory latency
(msec)
Median nerve 2 5 2-7 2-8 2-7 * * NS
Ulnar nerve 2-4 2 5 2-6 2-5 NS NS NS

Sensory amplitude
(msec)
Median nerve 10-4 6 5 6-2 6-9 * * NS
Ulnar nerve 6-4 4-9 4-7 5-1 NS NS NS

Sensory duration
(msec)
Median nerve 1.9 2-2 2-2 2-3 f t t
Ulnarnerve 1 8 2-1 2-1 2-2 +

* p < 0-05; t p < 0-01; + p < 0-001; NS p > 0-05.

excessive use of their hands. This explains the reason
for some overlapping between the vibration and the
control groups in certain results, the latter being
drawn from the manual workers.
A very basic problem experienced in the present

study was the difficulty in comparing the results in
terms of the so-called normal EMG values. A study
in Helsinki17 on 120 healthy adults aged from 20 to
60 showed that the lowest limit of the MCVs in the
nerves of the arm was 50 m/sec, that of SCV, 48
m/sec, and the upper limit of motor latency of the
median nerve was 4-8 msec. In a similar study in
Scotland18 the comparative values of MCVs in the
median and ulnar nerves were 45 m/sec and 46 m/sec
respectively, those of SCVs, 36 m/sec and 38 m/sec,
and of the motor latency of the median nerve,
4-1 msec. The MCVs in the present study were
closer to the results of the Finnish study and
the SCVs to those of the Scottish study. This
indicates that the normal values in EMG are wide-
spread and they vary considerably from one labora-
tory to the other. It was therefore difficult to establish
a cut-off point in any parameter for comparison
between the abnormal and the so-called normal
values.

Previous studies19-22 have shown that a standard
method of measuring conduction velocity is usually
not sensitive. The factors shown in these studies to
be the most sensitive in differentiating between the
exposed and the non-exposed workers were the
distal latency of the median and the conduction
velocity of the slower motor fibres (CVSF)23 of the
ulnar nerves. The latter is based on the partial
antidromic block by simultaneously stimulating the
nerve at two different points. The present study,
such as others in the past, shows that the conduction
velocity alone is not a reliable criterion for the

diagnosis of mild neuropathy but, unlike them, it
highlights that other parameters, especially the
sensory parameters, are valuable discriminants. Simi-
lar abnormalities in sensory action potentials have
been shown to provide a delicate sign of peripheral
nerve lesion.24

In addition, the increased evidence of possible
carpal tunnel syndrome in the exposed group,
shown in the present study, furthers the scope of
routine electromyography. In general, the sensory
action potentials recorded from the ulnar nerve
when the little finger is stimulated is smaller and
less easy to measure than those recorded from the
median nerve when the index finger is stimulated.25
In 44% of our exposed group, but in only 7% of the
controls, the sensory amplitudes showed an inverse
relationship between the index and the little finger
providing indirect evidence of carpal tunnel syn-
drome.26

It can perhaps be argued that these changes
might be due to digital neuropathy and not to carpal
tunnel syndrome. While it is impossible to exclude
this possibility, we believe that the results are more
suggestive of carpal tunnel syndrome for several
reasons. Firstly, on further analysis the mean motor
latency in the median nerve at the wrist had a higher
value in the individuals with possible carpal tunnel
syndrome (4 3 ± 0 5 msec) than those without this
syndrome (3 9 ± 0-6 msec), whereas the mean
motor latencies in the ulnar nerve remained un-
changed (3-1 ± 0-4 msec) in both subgroups.
Secondly, we examined the amplitudes of the action
potentials from the digits other than the index
finger. The sensory amplitudes of the fourth finger
which is supplied by both the median and ulnar
nerves were analysed separately in the individuals
where carpal tunnel syndrome had been postulated
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and in those where it had not. The individuals
thought to have carpal tunnel syndrome showed a

low mean sensory amplitude (2-9 ± 19 ,uV) in the
median and a much larger amplitude (40 ± 1-3 ,uV)
in the ulnar nerve. In the group without the syn-

drome the results were similar in both nerves

(3-2 ± 2-5 ,uV in the median and 3-1 ± 2-5 ,uV in the
ulnar). It is difficult to believe that neuropathy would
regularly affect only the median side of the ring
finger or even the median nerve alone.

In a previous study27 a similar syndrome has been
described among 21 %-32-8 % of the vibration-
exposed workers in stimulation electromyography.
The same study also illustrated that mononeuropathy
may have an aetiology other than vibratory tools,
but the simultaneous abnormalities in several nerves

are compatible with vibration neuropathy. This is
very much evident in the present study, showing the
statistically significant differences between the groups
predominantly in sensory parameters other than
SCV. According to Dawson25 this could be because
the sensory fibres from the fingers are larger than
the motor fibres to the hand. In conclusion, the study
shows that the hand-arm syndrome associated with
VWF is not simply a "discomfort" but a manifesta-
tion of vibration neuropathy and possibly of carpal
tunnel syndrome at the wrist.
The occupational origin of this disability is not

difficult to diagnose when it is associated with a

history of significant exposure to vibration and
white finger. Therefore, the hypothesis that the
diminished tactile sensitivity observed on aesthesi-
ometry testing may not be due to any change in
function at the neuronal or receptor levels, but
rather to some thickening or change in plasticity of
the skin, can be discarded.

We wish to express our sincere thanks to Professor
RI McCallum, Department of Occupational Health
and Hygiene, University of Newcastle upon Tyne,
for his support in the planning stage of the study
and for his valuable comments on reading the
manuscript; to Dr D M Fanning, chief medical
officer, British Steel Corporation, for helping in the
publications search and approving this paper for
publication; to Mr F Harrison, manager, ore mines,
British Steel Corporation, for his support and help
in obtaining the volunteers, and, most of all, to the
men in the fluorspar mines without whose help this
study would not have materialised.
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