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Neuropathy and the automatic analysis
of electromyographic signals from
vibration exposed workers

by HANNU ALARANTA, M.D., and ANNA MARIA SEPPALAINEN, M.D.l

ALARANTA, H. and SEPpALAINEN, A. M. Neuropathy and the automatic analysis
of electromyographic signals from vibration exposed workers. Scand. j. work
environ. & health 3 (1977) 128-134. An automatic analysis of the electromyographic
activity of the extensor digitorum communis, first dorsal interosseus and opponens
pollicis muscles was performed, and both motor and sensory conduction velocities
of the median and ulnar nerves were measured in the study of neuropathic changes
that occur in traumatic vasospastic disease. Twenty-eight forest workers and 10
pneumatic-tool operators, all with a long occupational exposure to local vibration
of the hands, were studied with these neurophysiological methods and general
clinical and roentgenological examinations. Twenty male manual workers with a
similar age distribution served as the comparison group. The most sensitive
measures which separated the subjects with traumatic vasospastic disease from the
nonexposed workers were the conduction velocity of the slower motor fibers of the
ulnar nerve, the distal sensory conduction velocity and the motor distal latency of
the median nerve. The duration and rise time of the averaged muscular potentials
of intrinsic hand muscles correlated especially with those nerve conduction velocities
which were the most sensitive in exhibiting neuropathic changes.

Key words: automatic analysis, electromyography, nerve conduction velocity, neuro­
pathy, traumatic vasospastic disease.

A worker exposed to local vibration, for
example, a lumberjack with a power saw
or a miner using a pneumatic tool, may
eventually develop traumatic vasospastic
disease (TVD). TVD can involve various
symptoms of the circulatory and nervous
systems, muscles, tendons, and bones.
Electroneur·omyographic examinations
have been used to show neuropathic
changes in the nerve conduction velocities
and electrical activity of the muscles of
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pers-ons with TVD and also of workers
exposed to v~bration (2, 8, 9, 10).

The voluntary electrical activity of the
muscle - motor unit potentials - has
recently been studied with the application
of automatic analysis. Thus the para­
meters of the averaged muscular potential
(AMP) have been defined and measured
(5, 6, 7). Using these parameters, sci­
entists have noted differences between
the AMPs of healthy, myopathic, and
neuropathic muscles.

The aim of the present study was to gain
more knowledge about the neuropathic
changes that occur in TVD through an
evaluation of AMP parameters and to
compare different nerve conduction veloci­
ties and AMP parameters to see which of
them are the most sensitive indices of
early neuropathy.



MATERIAL

Table 1. Age distribution (years) of the vibra­
tion exposed and nonexposed workers.

a Classification of the exposed subgroups: 0 =
normal neurophysiological findings, 1 = bor­
derline findings, and 2 = polyneurophathic
findings compatible with vibvation syndrome.

The exposed group comprised 38 male
workers aged 26 to 61 years (table 1) and
occupationally exposed for 5 to 30 years
(table 2) to local v~bration of the hands.
Twenty-eight of the men were forest
workers who operated power saws and 10
were users of pneumatic tools, mainly rock
drillers. All of the subi'ects had come to
our tnstitute to be examined because of
suspected TVD. Over half of the subjects
had been on the job within five months of
the examtnation (table 2). The subjects
were usually year-around workers exposed
to v~bration 5 to 7 h daily.

Since earlier studies in this institute (10,
11) have indicated that the conduction
velocity of the slower motor fibers (CVSF)
of the ulnar nerve and the motor distal
latency (DL) of the median nerve are the
most sensitirve measures showing vibra­
tion-induced neuropathy, we classified the
exposed subjects into the following three
subgroups based on these measures:
subgroup 0 = normal CVSF of the ulnar
nerve and DL of the median nerve, mea­
sured bilaterally;
subgroup 1 = borderline findings, e.g.,
only one CVSF of the ulnar nerve or DL
of the median nerve abnormal;
subgroup 2 = polyneuropathic findings
compatible with vtbration syndrome, e.g.,
at least two abnormal CVSF or DL find­
ings, often in combination with neurogenic
abnormalities in the clinical electromyo­
graphic (EMG) examination.

Twenty males, aged 27 to 63 years,
formed the comparison group. They were
manual workers without exposure to
vibration or neurotoxic chemicals, neither
did they suffer from any neurological dis­
eases. The ages of the nonexposed workers
did not differ significantly from those of
the exposed ones, except for those in sub­
group 2, in which no one was younger
than 35. There£ore the statistical compari­
sons of the conduction velocity measures
of subgroup 2 were performed so that only
nonexposed subjects 35 years of age or
older (table 1) were included, whereas
corresponding comparisons of subgroup 0
and 1 'Or the combined findings of all tJhe
exposed included all of the nonexposed.

46.8
9.7

15

Nonexposed
group

20

42.6
11.2

For
Total sub-

0-2 group 22o

Exposed subgroup a

N 9 14 15 38
Mean
age 36.8 43.3 49.5 44.1
SD 6.4 10.6 7.1 9.6

Table 2. Duration of the exposure to vibration
of the subgroups 3J and the pause without ex­
posure before the examination. METHODS

a See table 1 for the subgroup classifications.

N 9 14 15 9 14 15
Range 5-20 8-30 10-26 0-12 0-36 0-36
Median 17 15 18 5 1.5 4
Qr 11 13 12 1 0 0
Qrrr 17.5 15 21 8 7 7

Years of exposure

Sub- Sub- Sub­
group group group
012

Months of
nonexposure

before exami­
nation

Sub- Sub- Sub­
group group group
012

The motor DL and the maximal motor
conduction velocity (MCV) of the median
and ulnar nerves were measured bilater­
ally according to common methods (13).
The CVSF of the ulnar nerve was
determined on the basis of partial anti­
dromic blocking (12). The nerves were
stimulated with a Disa stimulator and a
skin electrode. 'Dhe responses were picked
up with skin electrodes and amplified by
a Disa electromyograph. The sensory con­
duction velocity from the finger to the
wrist (dSCV) and from the wrist to the
elbow (SCV) was measured with the
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Fig. 1. Schematic representation of the method
used to measure the rise time (RT) and dura­
tion of the averaged muscular potential and
the area of the muscular potential as deviations
from the baseline.

stimulating electrode located at the lateral
aspect of the thumb and .the ring finger,
respectively, in the region of the digital
nerve. Evoked nerve potentials were
picked up with skin electrodes at the wrist
and elbow, amplified by an electromyo­
graph, and fed into a Pulse Analyser
(Nokia Electr·onics), where 30 to 200 re­
spons·es were averaged.

All the measurements were carried out
in the same warm laboratory (temperature
25-26°C). Skin temperature at the elbGw
level was measured with a Sekunden-

thermometer Testoterm, and it was always
higher than 30°C.

EMG signals during slight or moderate
muscle contraction were recorded from
the extensor digitorum communis muscle,
the first dorsal interosseus muscle, and
the opponens pollicis muscle of the hand
with the most symptoms, usua.lly the left
hand, with Disa ·coaxial needle electrodes
and amplified by the Disa electromyo­
graph; the results were visually evaluated.
The EMG signals were fed through two
separate lines into the Nokia Pulse
Analyser. The EMG signal through the
first line acted as a trigger pulse for a
detector device, which determined the
lower and upper limits of the amplitude
of the signal to be analyzed; the second
line fed the EMG to the signal averaging
through a 10-ms delay line (Transient
Store Model 512 A, Physical Data Inc.).
Fifty motor unit potentials were averaged
in digita.l form. A similar method has been
previously described by Lang et al. (5).
The AMP was recorded in analogical form
with an Omnigraph XY writer. From the
output, the total duration of the AMP and
the rise time was measured; the latter has
been described earlier by Viitasalo and
Komi (14). The area of the muscular
potential (as deviations from the baseline)
was calculated from the digital output by
a program run on a Wang 2200 computer.
The baseline was determined as the
electrical mean of the total EMG activity

line
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ms

_Ouration-'!>

4

2
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Table 3. Means (M) and standard deviations (SD) of skin temperatures (T), motor distal latencies
(DL) and conduction velocities of the median nerve (MCV = maximal motor conduction velocity,
SCV = sensory conduction v,elocity from wrist to elbow, dSCV = sensory conduction velocity
from finger to wrist), determined for the exposed subgroups and the nonexposed group.

Group N T (0C) DL (ms) MCV (m/s) SCV (m/s) dSCV (mls)

M SD M SD M SD M SD M SD

Exposed a
subgroup 0 9 32.7 0.8 4.0 0.5 63.5 7.1 62.0 3.3 48.1 4.0
subgroup 1 14 32.4 0.8 4.1 0.6 58.8 6.8 59.5 4.7 4ti.3* 4.1
sUbgroup 2 15 32.7 1.1 4.8** 0.8 54.7 5.1 55.3* 4.9 39.6*** 5.9
subgroups 0-2 38 32.6 0.9 4.3** 0.7 58.3 7.0 58.6* 5.1 44.2*** 6.0

Nonexposed
total 20 32.2 0.6 3.9 0.7 59.0 4.9 62.1 7.1 50.1 5.1
for subgroup 2 15 32.2 0.6 4.0 0.4 58.1 5.4 59.9 6.5 49.3 5.3

a See table 1 for the subgroup classifications.
* p < 0.05; ** P < 0.01; *** P < 0.001 (Student's t-test).
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Table 4. Means (M) and standard deviations (SD) of skin temperatures (T), motor distal latencies
(DL) and conduction velocities of the ulnar nerve (MCV = maximal motor conduction velocity,
CVSF = conduction velocity of slower motor fibers, SCV - sensory conduction velocity from
wrist to elbow, dSCV = sensory conduction velocity from finger to wrist), determined for the
exposed subgroups and the nonexposed group.

3CV (m/s] dSCV (mls)Group N DL (ms)

M SD

MCV (mls)

M SD

CVSF (mls)

M SD M SD M SD

Exposed a
subgroup 0
subgroup 1
subgroup 2
subgroups
0-2

Nonexposed
total
for sub­
group 2

9 32.3
14 32..6
15 32.6

38 32.5

20 32.3

15 32.3

0.6
1.0
0.8

0.9

0.8

0.9

3.3
3.4
3.7

3.5

3.5

3.5

0.4
0.5
0.4

0.5

0.4

0.5

60.8
57.2
56.0

57.8

59.1

57.3

7.0
4.1
5.9

6.1

6.2

3.8

44.8
40.4***
36.7***

40.0***

45.4

45.2

3.9
2.9
4.7

4.9

4.5

4.9

62.8 3.8
57.0 5.7
52.1 ** 5.6

56.7 6.6

59.3 7.3

57.7 6.5

53.6 2.6
50.7 4.7
48.3 5.4

50.4* 4.9

53.7 6.4

51.9 5.5

a See table 1 for the subgroup classifications.
* p < 0.05; ** P < 0.01; *** P < 0.001 (Student's t-test).

during the period of analysis (fig. 1). We
analyzed two or three AMPs from each
muscle of each subject, and the mean
values of the individual AMPs were used
in the statistical calculations.

In addition to the neurophysiological
examination all the exposed subjects
underwent diagnostic procedures which
are generally applied at our institute in
cases of suspected TVD. They include a
thorough occupational and medical history,
a clinical, orthopedic and neu:mlogical
examination, and X-rays of the hands,
elbows, shoulders and, in certain cases, the
cervical spine. The final clinical diagnosis
is based on all the findings acquired in the
examinations and on the acquired data on
the eXiposure.

RESULTS

The eXiposed workers had statistically
significantly slower CVSFs of the ulnar
nerve (p < 0.001) and dSCVs of the
median nerve (p < 0.001), longer DLs of
the median nerve (p < 0.01), and slightly
slower dSCVs of the ulnar nerve (p < 0.05)
and SCVs of the median nerve (p < 0.05)
than the nonexposed as a group. All the
nerve conduction velocities were increas­
ingly slower and motor distal latencies
i>ncreasingly longer from subgroup 0 to

subgroup 2 (ta'bles 3 and 4). This finding
was partly based on classification in re­
gard to the CVSF of ~he ulnar nerve and
the DL of the median nerve.

The skin temperatures at the proximal
stimulation points did not differ statisti­
cally significantly between the exposed
subgroups and the comparison group
(tables 3 and 4).

There was a tendency for the duration
and rise time of the AMP to be longer in
subgroup 2 than in the comparison group
although the only statistically significant
difference was noted for the duration of
the AMP of the first dorsal interosseus
muscle (tables 5 and 6).

We also studied the relationships be­
tween AMP parameters and nerve conduc­
tion measures, taking into account all the
exposed and nonexposed subjects. The
clearest correlations were noted between
the AMP of the Hrst dorsal interosseus
muscle and the CVSF of the ulnar nerve.
The slower the CVSF of the ulnar nerve,
the longer the rise time of the AMP of the
first dorsal interosseus muscle {r = - 0.42,
P < 0.001) (fig. 2). Similarly the duration
of the AMP was longer when the CVSF
became slower (r = - 0.34, P < 0.01).
Some correlation was also noted between
the areas of the AMP and the CVSF (r =

- 0.29, P < 0.05). The duration and rise
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TabLe 5. Means (M) and standard deviations (SD) of the rise time (ms) of the
averaged muscular potentials of the opponens pollicis muscle, the first
dorsal interosseus muscle, and the extensor digitorum communis muscle,
determined for the exposed subgroups and the nonexposed group.

Extensor
Opponens First dorsal digitorum

Group pollicis interosseus communis
muscle muscle muscle

M SD M SD M SD

Exposed a
subgroup 0 0.80 0.30 0.83 0.44 0.72 0.29
subgroup 1 0.97 0.47 0.76 0.28 0.72 0.40
subgroup 2 0.89 0.35 0.91 0.37 0.80 0.37

Nonexposcd
total 0.77 0.31 0.71 0.28 0.65 0.31
for subgroup 2 0.73 0.32 0.72 0.28 0.64 0.32

a See table 1 for the subgroup classifications.

TabLe 6. Means (M) and standard deviations (SD) of the duration (ms) of the
averaged muscular potentials of the opponens pollicis mu&cle, the first
dorsal interosseus muscle and the extensor digiUorum communis muscle,
determined for the expo&ed subgroups land the nonexposed group.

Extensor
Opponens First dorsal digitorum

Group pollicis interosseus communis
muscle muscle muscle

M SD M SD M SD

Exposed a
subgroup 0 7.18 1.52 7.40 2.61 7.3,6 3.40
subgroup 1 7.37 1.72 7.10 2.05 6.36 2.17
subgroup 2 7.33 2.11 8.05** 1.71 7.65 2.41

Nonexposed
total 6.55 1.37 6.16 1.77 6.94 2.43
for subgroup 2 6.37 1.44 5.95 1.80 6.81 2.49

a See table 1 for the subgroup classifications.
** p < 0.005.

time 'Of the AMP of the first dorsal in ter­
osseus muscle and the dSCV of the ulnar
nerve showed a negative oorrelation (r =

-0.28 and r = -0.27, respectively, p <
0.05). The AMP of the opponens pollicis
muscle showed a weaker correlation to
the conduction velodty measures of the
median nerve. The rise time of the AMP
was increasingly longer with increasingly
slower MCVs (r = - 0.31, P < 0.05). The
duration of the AMP was longer with the
increasingly longer DLs (r = +0.29, p <
0.05) or with the slower dSCVs (r =

- 0.28, P < 0.05).

132

The final clinical diagnosis concerning
occupational disease, Le., traumatic vaso­
spastic disease, in the different neuro­
physiological subgroups is presented in
table 7. Nearly all of the subjects in
subgroup 2 were diagnosed as having TVD.
In only one case could this diagnosis not
be ascertained on clinical grounds, and
the subject is to be kept under observation
for the neXit two years. The proportion
of TVD was less in the other groups, and
only three out of the nine neurophysio­
logically normal workers (subgroup 0)
were diagnosed as having TVD.



DISCUSSION
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Table 7. The clinical diagnosis concerning
traumatic vasospastic disease (TVD) in the
neurophysiological subgroups of the exposed
workers.

more often reduced than the MCV among
workers who had operated pneumatic
tools. In our institute previous field studies
(10) on motor nerve function have shown
tha t the CVSF of the ulnar nerve and the
DL of the median nerve were affected the
most often among lumberjacks operating
power saws.

In the present study we measured both
sensory and motor conduction velocities of
the arm nerves. In accordance with pre­
vious reports, the CVSF of the ulnar nerve
was a potent fador in differentiating the
vibration exposed workers from those
nunexposed. The next most powerful
factors were the distal SCV ClJnd the motor
DL of the median nerve, both of which
reflect damage in the distal portion of the
median nerve. Abnormal SCVs in the
fore&rm section were only slightly slower,
and such abnormality was usually Doted
only among the workers with the most
pronounced neuropathic signs. The SCVs
were, however, more reduced than the
MCVs, since the MCVs did not show any
significant decrease in any subgroup of the
exposed workers.

In neuropathy certain so-called neuro­
genic changes are noted in motor unit
potentials in electromyography. The dura­
tion of the motor unit potential increases
and, especially in the regenerative phase,
the amplitude of the motor unit potential
may increase. Therefore the duration and
rise time of the AMP can be expected to
increase in neuropathy. An increased
duration and a possible increase in
amplitude would lead to- an enlargement
of the area of the AMP, as shown also by
Lang and Tuomola (6). A tendency towards
an increasing duration and rise time of
the AMP was noted in subgroup 2, in
which the nerve oonduction velocities were
the slowest. The area of the AMP did not
show any significClJDt changes in the
exposed workers when they were com­
pared to the nonexposed ones. In all of
the AMP measures, however, the inter­
individual, and at times also the intra­
individual, variation was relatively large.
One must remember that we tried to
register different motor units in consecu­
tive measurements of the same muscles to
a,chieve a better sampling. Komi and Vii­
tasalo (4) have shown that the parameters
of AMPs registered with a surface

..
: .••.

:. . .

CVSF, m Isf------- ----

55~
I

5l

p < 0.001
N, 58

25

Experimental studies have shown that
loca,l vibration causes pathomorphological
changes - primarily Wallerian degenera­
ti{m - in the pertpheral nerves of rabbits
(1, 3). In humans, neuropathy can be
demonstrated as the slowing of nerve con­
duction velocities. The slowing of the
MCV in the arm nerves of workers
occupationally exposed to vrbration has
been shown by Dylewska (2) and Lukas
and Kuzel (8). In her studies Dylewska (2)
found that the SCV of the arm nerves was

Fig. 2. The conduction velocities of the slower
motor fibers (CVSF) of the ulnar nerve plotted
against the rise times of the averaged muscular
potentials of the first dorsal interosseus mus­
cles and the linear regression line. All the ex­
posed and nonexposed subjects were taken in­
to account in the calculations.

Subgroup b
TVD

0 1 2

Positive 3 7 14
Questionablea 2 4 1
Negative 4 3 0

Total 9 14 15

a TVD not yet clinically ascertained, but
enough symptoms or signs exist to recommend
further observation after one or two years.

b See table 1 for the subgroup classifications.
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electrode, especially the amplitude, greatly
depend on the level of the muscle tension.
The rise time of the AMP seemed, how­
ever, to be relatively stable with a tension
force of 40 to 80 % of the maximal force.
The tension range during our AMP record­
ings fell into this category, so we do not
believe that our variations reflect varia­
tions in muscle tension.

The rise time and the duration of the
AMP correlated with the CVSF of the
ulnar nerve throughout the large variation
of the CVSF; the latter is a sensitive factor
characterizing neuropathy. Similar tend­
encies were noted for the distal SCVs of
both the median and ulnar nerves and the
AMPs of muscles supplied by these nerves.
Thus correlations were noted between
certain AMP parameters and those nerve
conduction velocities which were the most
sensitive in differentiating vibration in­
duced neuropathy. These facts support the
presumption that, indeed, measureable
changes occur in AMPs in early stages of
neuropathy. Although this preliminary
study did not pr,ove that AMP parameters
are highly sensitive measures of early
vibration-induced neuropathy, further
studies on AMP parameters are indicated
to determine whether they can be used in
the development of methods for the early
diagnosis of occupational nerve injuries.

Neurophysiological studies play a lead­
ing role in showing the neuropathic
changes of TVD; this is also noted from
the good correlation found beitween the
neurophysiological classification and the
final diagnosis of clinical TVD. However,
neuropathy is not always the first sign of
TVD. On the other hand, if neuropathic
signs appear, the continuation of work
with vibration exposure is to be allowed
only with caution.
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