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Sympathetic nerve activity in the skin in relation
to vibration-induced white finger
by Gen Ishida, MO,l Yoshiro Nasu, MO,2 Kenji Nakashima, MO,l Takeo Sato, MO,3
Kazuro Takahashi, MOl
ISHIDA G, NASU Y, NAKASHIMA K, SATO T, TAKAHASHI K. Sympathetic nerve activity in the
skin in relation to vibration-induced white finger. Scand J Work Environ Health 1992;18:124-7. With
a microneurographicmethod, sympatheticnerve activityin the skin was recorded from median nerve fascicles of six patients with vibration-induced white finger and four age- and gender-matched normal subjects. At an ambient temperature of 15°C the sympatheticnerve activity was greater in the patients than
in the normal subjects. The burst activitywas increasedin all of the subjects during the water immersion
test of the contralateral hand, but neither the increasein the mean burst number nor the mean area under
the neurogram showed statistically significant group differences. Thus, although vasoconstrictive tone
is greater in patients with vibration-induced white finger than in healthy subjects, no support could be
found for the hypothesis that increasedvascular tone is of prime importance for attacks of white finger
in vibration-exposed subjects.
Key terms: microneurography, Raynaud's phenomenon, water immersion test.

Long-term use of hand-held vibrating tools has been
recognized as a cause of Raynaud's phenomenon.
Many pathogenic theories have been proposed for
vibration-induced white finger (VWF). In 1862, Raynaud (I) suggested that the dysfunction in question is
due to an increased sympathetic outflow to the vascular bed, while Lewis (2) developed the "local fault"
theory.
Recently, humoral and local factors have been emphasized. Some reports have indicated that subjects
with VWF have higher viscosity of the circulating
blood than subjects without VWF (3, 4). Laffertyet
al (5) hypothesized peripheral vasospasm as a result
of an altered interaction between local sympathetic nervous hyperreactivity to histamine release and sympathetic neural discharges. Methodologically, direct
recording of sympathetic nerve activity in the skin with
a microneurographic technique was introduced in 1972
(6). This method provides direct access to sympathetic
nerve activity in alert subjects.
The present study was designed to compare the level
of sympathetic nerve activity in the skin of patients
with VWF with that of a group of referents. For this
purpose, the sympathetic nerve activity of both patients
with VWF and healthy subjects who had not yet been
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exposed to vibratory tools was measured before, during, and after cold water immersion.

Subjects and methods
Six of the subjects were patients with VWF, aged
52-65 (mean 60.2, SD 4.9) years, and four were ageand gender-matched referents, aged 48-68 (mean
55.5, SD 9.6) years. All of the subjects were men. The
length of exposure to vibrating tools for the patients
with VWF ranged from 4 to 32 (mean 13.4) years. The
patients with VWF were classified according to the revised Taylor-Pelmear's scale (7), which indicated that
three were in stage 2 and the rest were in stage 3.
Each subject gave an informed consent to this examination. The following procedures were within the
standards of the Committee on Human Experimentation in accordance with the Helsinki Declaration of
1975. The experiment was performed in an air-conditioned, dark and silent room, in which the ambient
temperature was kept at 15°C so that the sudomotor
impulses of sympathetic nerve activity would be suppressed. The subjects lay comfortably in a supine and
alert state.
Detailed descriptions of the method used for the
nerve potential recording, the recording system, and
the essential procedures for finding and identifying
sympathetic nerve activity in the skin have been given
previously (8). Briefly described, an insulated tungsten
microelectrode with a bare tip diameter of I urn was
inserted manually through the skin into the median
nerve around the elbow. The characteristic pattern of
the multiunits of the sympathetic nerve activity was
then located in both original and integrated neuro-

grams on a thermal dot graph after proper voltage amplification through a high-impedance input preamplifier (WPI Co, New Haven, United States, DAM-6A)
and a potential integrator, and simultaneously by
monitoring burst tones through a loud speaker. Each
potential crest identified as a burst of true sympathetic
nerve activity over the noise was marked manually and
systematically on the graph of a thermal dot recorder
(NEC SAN-EI Co, Tokyo, Japan, 8M36), on which
both the original and the integrated neurograms were
simultaneously recorded. The time constant of the integrating circuit was 0.1 s. After the sympathetic nerve
activity was encountered, spontaneous firing was observed for 5 min. We analyzed the record obtained
of the sympathetic nerve activity quantitatively by
counting the number of burst crests in the integrated
neurogram for each minute. The burst rate was defined
as the number of burst crests during I min . The contralateral hand was then immersed in cold water (4°C)
for I min, and the changes in the burst rate of the sympathetic nerve activity were recorded.
For the integrated neurogram, the area of the respective crests, rather than their number, was considered
to reflect changes in the potential amplitude and /or
the duration of the bursts. The area under the neuro gram (NA) per minute was used as another measure.
The areas surrounded for I min by the integrated neurographic line and a base line were measured with an
area calculator (Ushikata Co, Tokyo, Japan, X-plan
360). The area was given in arbitrary units (NA
unit /min) , and the areas during and after immersion
were expressed as the percentage of the preimmersion
area.
The nerve-potential recording procedure may have
caused minor discomfort during the search for the
nerve fasciculus. Once a suitable electrode position was
found , no discomfort was experienced. The complete
examination usually took 2-3 h. Satisfactory activity
recordings could be obtained without exception from
all of the subjects. Some of the subjects occasionally
experienced transient paresthesia for a few days after

the recording, but no clinical signs of permanent nerve
damage were observed .
The statistical evaluation of the results was carried
out with the Wilcoxon rank-sum test for comparisons
between normal referents and patients with VWF and
also with the paired t-test for comparisons between the
various periods.

Results

Representative examples of the original records of the
sympathetic nerve activity and the integrated neurograms of a referent and a pat ient with VWF are shown
in figure I. The integrated neurograms show that the
basic activity bursts were greater in the patient than
in the healthy subject, both with and without cold
provocation. Furthermore, an increased number of
burst crests can be seen during the cold water immersion of the contralateral hand for both the referent and
the patient. This finding was common for all of the
subjects and may indicate an increase in sympathetic
outflow induced by cold water immersion, even though
Raynaud' s phenomenon was not elicited .
Figure 2 illustrates all of the results in which the measure of the activity burst rate was used. Before the
immersion, the average activity burst rate was 24.5
(SD 7.7) burst/min for the referents and 34.8 (SD 6.4)
burst/min for the patients with VWF. During the immersion, the average value was 34.0 (SD 5.5) burst /min
for the referents and 44.0 (SD 5.2) burst/min for the
patients with VWF . In both the preimmersion and immersion periods, greater burst rates of sympathetic
nerve activity were found for the patients than for the
referents (P < 0.05). After immersion , the burst rate
of the referents was 27.0 (SD 8.6) burst/min, while that
of the patients with VWF was 36.5 (SD 8.1) burst/min.
The group differences were not statistically significant.
For the referents, there were statistically significant
differences in the burst rates between the preimmersion and immersion periods (P<O.OI) and between the
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Figure 1. Representative thermal dot-wrltinq records from a neurogram of sympathetic nerve activity In the skin and an integrated
neurogram before , during , and after water immersion (upper traces = a healthy referent , lower traces = a patient with vibrationinduced white finger). The rows of dots under the two sets of neurograms correspond in time to the respective burst crests
identified as sympathetic nerve activity.
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Figure 2. Burs t rates of sympathetic nerve act ivity in the
ski n before, du ring , and afte r water imm ersion. (R = referen ts,
VWF = pat ients with vibr ation-induced white fi nger)

Figure 3. Percentage of change (fr om the preimmersion level)
in the sympathetic nerve activity in the skin du ring and after
water immersion, ex pressed as the area unde r the integra ted
neurogram (NA unit) per minute. (R referents, VWF patients
with vib ration-induced whi te finge r)

immersion and postimmersion periods (P < 0.05), but
no difference was fo und between the periods of preand postimmer sion. For the patients with VWF, there
were no statistically significant differences between the
three periods. The increment in the sympathetic nerve
act ivity induced by cold water immersion was 38.8
(range 20.0-82.4)% of the preimmersion level for the
referents and 26.4 (range 4.5-77.8)070 for the patient s.
The group difference was not statistically significant.
Dur ing provocation by cold water immersion, not
only the number of neural dischar ges, but also their
respective amplitude and duration seemed to be increased. Figure 3 illustrates the results in which the area
under the integrated neurogr am was used as ano ther
indication of the change in the bursts of sympathetic
nerve activity. The mean value during immersion was
162 (range 141-180)% of the preimmersion level for
the referents and 148 (131-165 )070 for the VWF patients. At the end of the recording period, afte r the
immersion (maximum 2 min), the corresponding values
were 115 (rang e 94-1 50)% for the referents and 108
(100- 121)% for the patients. These group differences
during and also after the immersion were not statistically significant.

tion of vasoconstrictor impulses only (9). In oth er
words, with a lower ambient temperature, the vasoconstrictor impulses become more dom inan t becau se the
sudomotor impulses are suppressed. Our experimental room temperature was maintained at 15°C , and the
subjects were adequately adapted to the ambient temperature before the nerve potential recordings. Therefore, it may be safely said that the recorded activity
of the sympathetic nerve represented only vasoconstrictor impulses in this examination .
In this experiment , the sympathetic ton e of the patients was shown to be higher than tha t of the referents before and during the cold pro vocat ion . Since
there was no evidence of a greater increase in neurogram area for the patients than for the referents , ou r
results failed, however, to support the hypothesis that
increa sed activity of the sympathetic nervous system
is of primary importance to the triggering of Raynaud' s
phen omenon.

Discussion
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