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Exploratory electromyography in the study of
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ABSTRACT Electrophysiological observations made in the hands of a group of 16 rock-drillers were
compared with 15 controls. Motor and sensory conduction velocities in the median and ulnar
nerves together with the latency, duration, and the amplitude of the evoked action potentials were

measured. The differences between the groupswere statistically significant mainly in latency, duration,
and amplitude, especially of the sensory action potentials. Measurement of the conduction velocities,
in general, proved to be less sensitive, and the only significant change observed was in the sensory

conduction velocity in the median nerve when the first digit in the right hand was stimulated. The
most interesting result was evidence of an increased prevalence of possible carpal tunnel syndrome
in the exposed (44% compared with 7% in the control group). A similar set of data, but exclusively
sensory and not standardised for age and sex, was obtained from 25 university students for com-

parison with the assigned groups. The results showed that apart from sensory duration the control
group had values that were closest to the students while the vibration group had values furthest
away.

The question of whether vibration syndrome should
be prescribed as an industrial disease in the United
Kingdom has been considered by the Industrial
Injuries Advisory Council since 1954. So far the
Majority Report by the Industrial Diseases Sub-
Committee' has recommended against prescription.
The grounds for rejection are many, but the most
important is the lack of any clinical test that can
establish the diagnosis of vibration-induced white
finger (VWF) in an individual case. Some authors 2-7
have succeeded in differentiating vibration from non-
vibration workers but no tests have proved to be
absolutely objective. It still remains uncertain
whether VWF can be accepted as a disabling con-
dition under the terms of the Industrial Injuries Act
1965. Most cases so far have been assessed as trivial
and the associated condition of aches and pains as a
temporary discomfort rather than a disease. There is
evidence8 9 that the individual's response to hand-
induced vibration depends on several extrinsic
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(character of vibration) and intrinsic (character of
body) variables and that the pathogenesis of VWF
can also differ. A single test, therefore, might never
be absolutely diagnostic for a multifactorial con-
dition such as VWF. In the light of this background
the present survey aimed to explore the value of
electromyography in the study of the disabilities
associated with, rather than the diagnosis of, VWF.
This is essentially a quantitative follow-up of a
previous study10 in which the one cause for rejection
of prescription could be explored objectively.

Materials and methods

Admission to the study was entirely voluntary. The
assignment of the subjects to either the exposed or the
non-exposed group was determined according to the
previous study. Initially 33 men responded, but two
were not suitable for epidemiological grouping and
hence were rejected from the final analysis. The
study group consisted of 16 rock-drillers exposed to
a vibration level in excess of the damage level
criterion" between the frequencies of 31-5 and 62
Hertz (HZ). Their exposure varied from 18 months
to 25 years (mean 10 years) and their ages from

89

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.39.1.89 on 1 F
ebruary 1982. D

ow
nloaded from

 

http://oem.bmj.com/


Table 1 Particulars of subjects and students studied

Details Students Control group Vibration group, stages of VWF

0 2 3 Total

No of subjects
Men 11 15 4 3 9 16
Women 14 - - - - -

Age (y)
Range 19-47 19-56 27-38 24-40 29-57 24-57
Mean 22-0 36-3 31-5 30 3 43-3 37 9
Standard deviation * 12-4 5-0 8-5 8-3 9 6

Exposure (y)
Range - 1-5-7 2-21 7-25 1 5-25
Mean - - 4-4 9 5 16-4 10 1
Standard deviation 3 0 10 1 6-7 6-0

Room temperature in °C of
laboratory 32-35 31-5-35 31-5-35

Standard deviation for student group is not known.

24 to 57 (mean 37 9 years (SD = 9-6)). Four men
were in clinical stage 0 (V0), three in stage 2 (V2),
and nine in stage 3 (V3) of VWF. The two men in
stage 0 were actually in the intermediate stage of
VON and VONT, indicating that they had symptoms
of tingling or numbness, or both, but no evidence of
white finger. The ages of the control group of 15 men
ranged from 19 to 56 (mean 36-3 years (SD = 12-4));
none of the controls had a history of exposure to
vibration or to any neurotoxic material (table 1).

Electrophysiological studies were carried out as
described by Bradley12 using a Disa-type 14 A 30
three-channel electromyograph with a 14 G 01
digital averager capable of averaging up to 1024
successive stimuli. Skin temperature was recorded
with a Light Laboratories Temperature Recorder
at the beginning and end of the individual measure-
ments. When the skin temperature was found to be
low, active warming up procedures were carried out,
and the study did not progress until a satisfactory
temperature was established. At the time of the
examinations the ambient temperature of the
laboratory varied from 26°C to 27°C and the skin
temperature of the subjects from 31P5°C to 35°C.
The motor conduction velocities of the median

and ulnar nerves were determined. In the median
nerve percutaneous supramaximal stimulation was
carried out in the antecubital fossa and at the wrist.
The distal latency to onset, amplitude, and duration
of the motor action potentials were recorded with
surface electrodes over the thenar muscles. Similar
studies were carried out on the ulnar nerve, but in
this case stimulation was applied at, as well as above
and below, the elbow. Responses were recorded with
surface electrodes over the hypothenar muscles.
The results of the conduction velocity measurements
in the ulnar nerve were calculated for the axilla to the
above elbow segment of the ulnar nerve, the elbow
segment, and that below the elbow, as well as the
distal latency at the wrist.

For the sensory conduction velocity the digital
nerves were stimulated with ring electrodes around
the individual fingers, and the action potentials were
recorded over the median and ulnar nerves at the
wrist using surface electrodes. For each individual
digit a minimum number of 32 stimuli required
averaging to give a satisfactory definition. When
sensory action potentials were abnormal it was
necessary to increase the number of averageresponses
to stimulation to obtain an adequately defined
potential. The measurements made on the ascending
orthodromic volley recorded from each digit were
latency to onset, latency to peak, total potential
duration, and peak-to-peak amplitude. The distance
between the stimulation and the recording sites
was measured and a sensory conduction velocity for
each digit calculated. Six sets of results were ob-
tained for each arm studied. A single set of values is
presented for all except the fourth digit for which
two similar are given, the first of the recording over
the median and the second over the ulnar nerve at
the wrist; this finger is supplied by both nerves.
Latency and duration were measured in milli-
seconds (msec), amplitude in microvoltage (,uv), and
velocity in metre/second (m/sec).
The study was carried out from June to October

1978 and only at weekends so that the subjects could
travel to the hospital laboratory without any loss
of time at work. About an hour was needed for test-
ing each individual. A single investigator took the
measurements, carried out the tests, and reported
the results in order to reduce observer error. The
investigator was unaware of the occupational
history of the men and therefore the measurements
were carried out blindly.
An additional set of sensory data obtained from

the EMG-study of 25 university students of a some-
what different age group (19-47 years (mean 22)) and
mixed sex (11 men, 14 women) was also available for
comparison. Although this group was not standard-
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Exploratory electromyography in the study of vibration-induced white finger in rock drillers 91

Table 2 Motor changes in control and vibration groups presented in four different parameters for each nerve studied

Parameters studied Control group Vibration group Significant differences
(n = 15) (n = 16) between control and

vibration groups
Mean (SD) Mean (SD)

Right hand
Median nerve

Latency (msec) 3-8 (0 3) 4.1 (0 8) *
Duration (msec) 12-4 (2-1) 13 7 (3-7) NS
Amplitude (,uV) 11733 (4062) 9463 (4036) NS
Velocity (m/sec) 58-7 (2-7) 59-4 (5-2) NS

Ulnar nerve
Latency (msec) 3 0 (0 5) 3.1 (0 4) NS
Duration (msec) 11-9 (3 0) 12 6 (2 8) NS
Amplitude (,uV) 7900 (2904) 9103 (1118) NS
Velocity
Below elbow (m/sec) 58-4 (2-8) 59 2 (3 8) NS
Around elbow (m/sec) 58 2 (3 2) 60-4 (3.5) NS
Above elbow (m/sec) 60-8 (3-3) 62-8 (3 7) NS

Left hand
Median nerve

Latency (msec) 3 51 (0 2) 4-0 (0 4) t
Duration (msec) 12 71 (1.7) 12-4 (1-5) NS
Amplitude (,uV) 11536+ (3522) 8941 (4320) NS
Velocity (m/sec) 58-8$ (3-6) 59 2 (3-8) NS

Ulnar nerve
Latency (msec) 2-9 (0-5) 3 1 (0 3) NS
Duration (msec) 11 7 (2 0) 13-1 (2 0) *
Amplitude (,uV) 7767 (3923) 6240 (1890) NS
Velocity
Below elbow (m/sec) 58 1 (3-1) 59 9 (3 3) NS
Around elbow (m/sec) 58 3 (2 5) 60-3 (2 7) *
Above elbow (m/sec) 60-0 (3 0) 64-4 (3 5) t

* p < 0-05; t p < 0-01; NS p > 0 05.
t Based on 14 observations only.

ised for age and sex, the measurements were per- Results
formed by the same investigator and under the
same laboratory conditions. The results were based on the analysis of the motor

Table 3 Measurements (msec) of sensory latency (as means) to onset in students, controls, and in the vibration
groups 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 I 2-0 (0 2) 2-2 (0 2) 2-4 (0 3)
Digit II 2-1 (0 2) 2-5 (0 3) 2-9 (0 4) t
Digit III 2-3 (0 1) 2-7 (0O5) 2-9 (0-6) NS
Digit IV 2-3 (0 1) 2-6 (0 4) 2 9 (0 4) *

Ulnar nerve
Digit IV 2-1 (0 1) 2-5 (0 3) 2-6 (0 4) NS
Digit V 2-1 (0 2) 2-3 (0 4) 2-4 (0 4) NS

Left hand
Median nerve

Digit I 2-1 (0-2) 2-2 (0 3) 2-4 (0 2)
Digit It 2-2 (0-3) 2-6 (0 5) 2-8 (0-3) NS
Digit III 2-2 (0 2) 2-6 (0 4) 2-8 (0-3) NS
Digit IV 2-3 (01 ) 2-4 (0 4) 2-8 (0 3)

Ulnar nerve
Digit IV 2-2 (0 1) 2 5 (0-4) 2-6 (0 4) NS
Digit V 2-0 (0 1) 2-4 (0-4) 2-5 (0-4) NS

* p < 0-05; t p < 0-01; NS p > 0-05.
(A single set of figures was presented for each digit except the fourth, which is supplied by both median and ulnar nerves.)
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Table 4 Measurements (msec) of sensory latency (as means) to peak in the control and the vibration groups for
each digit in both hands

Digits Control group Vibration group Significant
(n = 15) (n = 16) differences between

control and vibration
Mean (SD) Mean (SD) groups

Right hand
Median nerve

Digit 1 2-9 (0-3) 3 0 (0 3) NS
Digit II 3-3 (0 3) 3 5 (0 5) NS
Digit III 3-4 (0 3) 3-7 (0 6) NS
Digit IV 3-3 (0 4) 3-6 (0 7) NS

Ulnar nerve
Digit IV 3-1 (0 3) 3-4 (0-4) NS
Digit V 3 0 (0-4) 3 1 (0 5) NS

Left hand
Median nerve

Digit I 2-9 (0-4) 3 0 (0 3) NS
Digit 11 3-3 (0 6) 3-5 (0 5) NS
Digit III 3-3 (0-5) 3-4 (0 4) NS
Digit IV 3-1 (0-5) 3-4 (0 4) *

Ulnar nerve
Digit IV 3-1 (0-5) 3-4 (0 5) NS
Digit V 3 0 (0-5) 3-3t (0.4) NS

*p <005; NS p > 005.
t Based on 15 observations only.
See footnote to table 3.

and sensory conduction velocities in both hands. As
the standard deviation tends to increase with the
mean the results were considered not to be normally
distributed. Anon-parametric test, the Mann Whitney
U test, was therefore used to study the differences
between the control and the study groups, both
being in a similar age group. As the students were

not standardised for age and sex no statistical test of
significance was performed for comparison with the
assigned groups.

MOTOR CHANGES
The motor responses shown in table 2 are expressed
in means with standard deviation in parentheses.
Differences between the groups were statistically
significant for the mean latencies in the median
nerve (p < 0 05 in the right and p < 0 01 in the left
hand) and for the mean duration in the left ulnar
nerve (p < 0 05). The MCV in the left ulnar nerve

was significantly different (p < 0 05 for elbow to
wrist and p < 001 for above elbow to wrist)

Table 5 Measurements (msec) of sensory duration (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

Mean (SD) Mean (SD) Mean (SD) control and vibration
groups

Right hand
Median nerve

Digit I 2-2 (0 4) 2-0 (0 3) 2-2 (0 5) NS
Digit II 2-3 (0-5) 2 1 (0.4) 2 4 (0-4) *
Digit III 2-4 (0 3) 2-0 (0 2) 2-6 (0 6) t
Digit IV 2-3 (0 2) 1-9 (0 3) 2-2 (0 5) NS

Ulnar nerve
Digit IV 2-2 (0 3) 1 8 (0 3) 2-4 (0 5) t
Digit V 2-1 (0 4) 1-8 (0 3) 2-1 (0 4) *

Left hand
Median nerve

Digit I 2-3 (0 3) 1-8 (0 2) 2-0 (0-4) *
Digit II 2-3 (0 4) 2-0 (0 4) 2-2 (0 6) NS
Digit III 2-2 (0 4) 1.9 (0 4) 2-2 (0 5) NS
Digit IV 2-3 (0 3) 1-8 (0 3) 2-0 (0-5) NS

Ulnar nerve
Digit IV 2-2 (0 3) 1-7 (0 3) 2-0 (0 6) NS
Digit V 1.9 (0 2) 1 8 (0 2) 1.9 (0 4) NS

* p < 0 05; t p < 0-001; NS p > 0-05.
See footnote to table 3.
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Exploratory electromyography in the study of vibration-induced white finger in rock drillers

between the groups but the rate was faster in the
exposed than in the non-exposed group.

SENSORY CHANGES
The detailed sensory responses are shown in tables
3-8; the significant differences between the groups
may be highlighted as follows.

Sensory latency (table 3)
The mean latency to onset varied from 2-4 msec to
2-9 msec in the exposed group and from 2-2 msec to
2-7 msec in the non-exposed group. Differences
between the groups were significant in the first
(p < 0-05), second (p < 0-01), and fourth (p < 005)
digits supplied by the median nerve in the right
hand and the first and fourth digits (p < 005)
supplied by the median nerve in the left hand.
By comparison, the mean latencies in the students
varied from 2-0 msec to 2-3 msec and are shorter
than those in both the control and vibration groups
(table 4). Corresponding values for the latency to
peak were from 3 0 msec to 3-7 msec in the vibration
group and from 2-9 msec to 3A4 msec in the controls.
The only statistically significant difference between
the groups was in the fourth digit supplied by the
median nerve in the left hand (table 4).

Sensory duration (table 5)
The mean duration of sensory action potentials in
each digit differed significantly between the right and
the left hand. Values varied from 2-1 msec to 2-6 msec
in the right hand and from 1 9 msec to 2-2 msec in the
left. No such variation was observed between the
hands in the controls, their means ranging be-

tween 1 8 msec and 2-1 msec. The results were
statistically significant in the second (p < 005) and
third (p < 0-001) digits supplied by the right median;
the fourth (p < 0-001) and fifth (p < 0-05) digits
supplied by the right ulnar, and the first digit
(p < 0 05) supplied by the left median nerves. The
students with mean values varying from 1-9 msec to
2-4 msec occupied an intermediate position between
the two main groups.

Sensory amplitude (table 6)
The mean amplitudes in the vibration group
differed in the right and in the left hands with values
that varied from 2-8 ,uV to 8-8 ,uV in the right hand
and from 3-6 ,uV to 11 ,uV in the left. In the controls
and in the students the right hand had higher values
than the left. The mean amplitudes in the individual
digits, however, were much higher in the controls
(4-3-26 ,uV) and highest (9-0-22-0 ,uV) in the students.
The difference between the control and the vibration
groups was significant in the first (p < 0 05), second
(p < 0 05), third (p < 0-01), and fourth (p < 0-01)
digits supplied by the median nerve and the other
half of the fourth digit (p < 0 05) supplied by the
ulnar nerve in the right hand.

Further analysis of the amplitudes showed that
seven men in the exposed group and one of the
controls had electromyographic evidence of possible
carpal tunnel syndrome (table 7) with sensory
amplitudes of the index fingers being at least 1 ,uV
lower than that of the little fingers. The reverse is
usually found.Of the seven men in thevibration group,
two belonged to the clinical stage of V0, one to
stage V2, and four to stage V3 of VWF. Bilateral

Table 6 Measurements (,u V) of sensory amplitude (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

Mean (SD) Mean (SD) Mean (SD) control and
vibration groups

Right hand
Median nerve

Digit I 22 (4 5) 14 (6 5) 8-8 (3 8) *
Digit II 18 (4.1) 10 (4 9) 5 9 (3 4) *
Digit III 19 (3-2) 10 (5 2) 5-5 (3 8) t
Digit IV 10 (3 3) 5-5 (2 9) 2-8 (2-1) t

Ulnar nerve
Digit IV 9 (2-9) 4-7 (1-7) 3-0 (1 9)
Digit V 10 (2 7) 8-1 (3 4) 6-3 (2-8) NS

Left hand
Median nerve

Digit I 24 (5 0) 16 (7 8) 11 (5-0) NS
Digit II 18 (3 7) 11 (5-9) 7-2 (5.1) NS
Digit III 20 (4-0) 11 (6-4) 7-4 (4-1) NS
Digit IV 9 (3-0) 5-0 (2 9) 3-6 (2 7) NS

Ulnar nerve
Digit IV 11 (3-1) 4-3 (2-2) 4-0 (2 5) NS
Digit V 11 (3 0) 8-4 (4 5) 5 5 (4 0) NS

* p < 0-05; t p < 0-01; NS p > 0 05.
See footnote to table 3.
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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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Exploratory electromyography in the study of vibration-induced white finger in rock drillers

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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