Experimental Studies on the Effect of Vibration
and Noise on Skin Sympathetic Activity
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Fig.1. Experimental set-up for recording skin sympathetic activity (SSA). A
tungsten microelectrode is inserted into the skin nerve fascicle of the left
median nerve at the cubital fossa of the subject and the SSA innervating the
index and middle fingers is identified. The signals of the SSA are fed to a
high-impedance preamplifier, passed through a band-pass filter and monitored
on an oscilloscope, on a sound monitor and on an omnicorder. The signals are
also stored on a data recorder together with skin blood flow recordings from
the left middle finger and skin temperature recordings from both index fingers.
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Fig. 2. Typical recordings of skin sympathetic activity (SSA), full-wave-rectified
and integrated skin sympathetic activity (Integrated SSA) and finger blood
flow. Bursts of skin sympathetic activity are induced by electrical stimuli to
wrist (shown by ¥) and followed by decreases in blood flow.
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Fig.3. An example of original recordings of full-wave-rectified and integrated
skin sympathetic activity (SSA(A)), instantaneous rate of SSA impulses
(SSA(B)), blood flow and EMG in a 20-year-old male subject. SSA was
represented by the number of impulses per second as shown in SSA(B), which
was counted from the tracing of SSA(A). Surface EMG was recorded from the
right forearm to monitor gripping conditions. Vibration was applied to the
right hand. abt. unit; arbitrary unit.
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Table1. Changes in skin temperature before, during and after various loads. Normalized value (%)

Time after Handgrip only Noise at 57 dB(A) Noise at 100 dB(A)
handgri
gne RT LT RT LT RT LT
1 min 100.34£0.13 99.7+0.17 100.2+0.14 99.540.11 100.7+0.23 99.7+£0.13
2 min 99.2+0.35 100.0+£0.22 99.5+0.20 99.640.23 100.2+0.28 99.5+0.20
3 min 98.940.62 100.6£0.39 99.3+0.19 99.7+0.35 99.4£0.31 99.2+0.30
4 min 99.0+0.94 101.3+0.56 99.0+0.22 100.140.37 98.9+0.32 98.8+0.28
5 min 98.5:+0.94 101.8£0.76 99.0£0.22 100.740.42 98.5+0.32 98.9+0.27
6 min 100.0+0.77 101.9+£0.81 98.8+0.31 101.0+0.54 98.3+0.40* 99.2:+0.31
7 min 101.8+0.71 102.5%0.78 99.8+0.41 101.1-0.56 98.1+£0.36* 99.0£0.41
8 min 99.8:+0.43 101.340.67 99.040.48 99.8:0.60
9 min 100.5+0.34 101.6+0.76 101.7+1.20 100.4%0.72
Time after Vibration at 60 Hz Vibration at 120 Hz Vibration at 60 d}éz( Aa)“d
handgrip
RT LT RT LT RT LT
1 min 100.6+0.20 99.5+0.13 100.3+£0.25 99.9+0.12 100.4+0.18 99,740.16
2 min 99.5+0.18 98.9+0.23 99.60.34 99,3+0.14 99.9+0.17 99.3+0.20
3 min 98.6+0.32 98.4+0.35 99.0£0.50 98.740.18 99.2+0.21 98.8+0.25
4 min 97.9:+0.47* 98.1+0.44 98.4+0.54 98.6+0.26 98.6+0.24 98.2+0.29°
5 min 97.9+0.70 98.1£0.48 98.5+0.46 98.8+0.45 98.040.24* 97.7+0.35**
6 min 97.440.71* 97.940.60 98.9:+0.56 98.9+0.68 97.8+0.34* 97.4+0.40*"
7 min 97.5+0.72* 97.840.52 99.2£0.73 99.440.50 98.1+0.29* 97.240.37**
8 min 99.4+0.62 98.0+0.69 100.2+0.57 99.6+0.37 98.310.26 97.3+0.40**
9 min 102.1+0.80 98.8+0.61 101.7+0.56 99.14+0.47 99.5+0.51 97.2+0.47**

The skin temperatures were measured from the volar side of the distal portion of the right (RT) and left
(LT) index fingers every 30 seconds and averaged for 1 minute. Local vibrations were applied at constant
accelerations of 50 m/sec’. The values for each individual were normalized by the value at rest, which is the
average value during the minute directly before start of handgrip. The values shown represent the
mean+SE(%6) obtained from 5 men. No significant change was observed during and after handgrip only (e,
without exposure to vibration or noise) compared with the value at rest. Similar changes in right and left
hands were observed for exposure to noise at 100dB(A), to local vibration and to combined exposure to
vibration and noise. The effect of vibration and/or noise were compared with the value during the first
minute after start of handgrip. * p<0.05; ** p<0.01. Statistical analysis was performed by using one way
ANOVA followed by Tukey's multiple comparison. Refer to Fig. 4—9 for details of individual experimental
procedure.
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Fig. 4. Changes in skin sympathetic activity (SSA) and blood flow (BF) during
and after handgrip with a constant strength of 2 kg. @, SSA ; O, blood flow.
Handgrip was performed on the right hand. Individual values of both
sympathetic impulses per second (as shown in Fig. 3) and blood flow calculated
every 10 seconds were averaged for 1 minute. The values for each individual
were normalized by the value at rest, which is the average value during the
minute directly before handgrip. The values shown represent the mean+ SE(%)
or mean—SE(%) obtained from 5 men. All values were plotted minutely, e. g.,
the value at rest was plotted for 0 min, the average between the first and
second minute after start of handgrip was plotted for 2 min. Statistical
analysis was performed using one way ANOVA compared with the value at
rest. No significant change was observed in skin sympathetic activity or blood
flow. Refer to Fig. 1 for recording site.
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Fig.5. Effect of noise (57 dB(A)) on skin sympathetic activity (SSA) and blood
flow (BF). Noise was exposed during handgrip of the right hand with a
constant strength of 2 kg. The values shown represent the mean+SE(%) or
mean—SE(%) obtained from 5 men. No significant change was observed in
sympathetic activity or blood flow using one way ANOVA compared with the
value during handgrip prior to noise exposure. See legend in Fig. 4 for
explanation of symbols and method of calculation.
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Fig. 6. Effect of noise (100 dB(A)) on skin sympathetic activity (SSA) and blood
flow (BF). Noise was exposed during handgrip of the right hand with a
constant strength of 2 kg. [Each value repressents the mean+SE(%) or
mean—SE(%) obtained from 5 men. *, p<0.05; **, p<0.0l. P value refers to
difference from the value during handgrip prior to noise exposure using one
way ANOVA followed by Tukey’s multiple comparison. See legend in Fig. 4
for explanation of symbols and method of calculation.
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Fig. 7. Effect of local vibration (60 Hz, 50 m/sec’ on skin sympathetic activity
(SSA) and blood flow (BF). Vibration was applied to the right hand during
handgrip with a constant strength of 2 kg. The values represent the
mean+SE(%) or mean—SE(%) obtained from 5 men. *, p<0.05; **, p<0.01.
P value refers to difference from the value during handgrip prior to vibration
exposure using one way ANOVA followed by Tukey’'s multiple comparison.
See legend in Fig. 4 for explanation of symbols and method of calculation.
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Fig.8. Effect of local vibration (120 Hz, 50 m/sec?) on skin sympathetic activity
(SSA) and blood flow (BF)., Vibration was applied to the right hand during
handgrip with a constant strength of 2 kg.  Each value represents the
mean+SE(%) or mean—SE(%) obtained from 5 men. No significant change
was observed in sympathetic activity or blood flow by one way ANOVA
compared with the value during handgrip prior to vibration exposure. See
legend in Fig. 4 for explanation of symbols and method of calcuation.
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Fig.9. Combined effect of local vibration (60 Hz, 50 m/sec) and noise (100
dB(A)) on skin sympathetic activity (SSA) and blood flow (BF). Vibration was
applied to the right hand during handgrip with a constant strength of 2 kg.
Each value represents the mean+SE(%) or mean—SE(%) obtained from 5 men.
* p<0.05; **, p<0.01. P value refers to difference from the value during
handgrip prior to combined exposure using one way ANOVA followed by
Tukey’s multiple comparison. See legend in Fig. 4 for explanation of symbols
and method of calculation.
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Fig. 10. Effect of frequency of vibration on skin
sympathetic activity (SSA). @, noise at 57
dB(A); O, local vibration at 60 Hz, 50 m/
sec’; A, local vibration at 120 Hz, 50 m/sec®
All exposures were applied during handgrip
of the right hand with a constant strength of
2 kg. Each value represents the mean+SE
(%) or mean—SE(%) obtained from 5 men.
Statistical analysis was performed using one
way ANOVA followed by Tukey’s multiple
comparison. Significantly different from the
corresponding value of noise exposure at 57
dB(A): *, p<0.05; **, p<0.01. Significantly
different from the corresponding value of
vibration exposure at 120 Hz: #, p<0.05.
For details of data calculation refer to legend
in Fig. 4. :
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Fig. 11. Combined effect of local vibration and
noise on skin sympathetic activity (SSA). O,
local vibration (60 Hz, 50 m/sec?; @, noise
(100 dB(A)); A, local vibration (60 Hz, 50 m/
sec?) + noise (100 dB(A)). All exposures were
applied during handgrip of the right hand with
a constant strength of 2 kg. Each value
represents the mean+SE(%) or mean—SE(%)
obtained from 5 men. Statistical analysis was
performed using one way ANOVA followed
by Tukey’s multiple comparison. Significantly
different from the corresponding value of sole
noise exposure: *, p<0.05; **, p<0.01.
Significantly different from the corresponding
value of sole vibration exposure: ##, p<0.01.
For explanation of data calculation refer to
legend in Fig. 4. a/o; and/or.
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Experimental Studies on the Effect of Vibration and Noise on Skin Sympathetic
Activity Mari Naito, Department of Public Health, School of Medicine, Kanazawa
University, Kanazawa 920—1J. Juzen Med. Soc., 98, 448—466 (1989)
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Abstract

The purpose of the present study is to clarify the role of a sympathetic vasomotor reflex
in the pathogenesis of occupational Raynaud’s phenomenon. Multiunit sympathetic activity
was recorded from median nerve fascicles supplying glabrous skin of the left hand at elbow
level in 5 healthy subjects. Vasomotor events accompanying the neural activity were
monitored by simultaneous recordings of skin blood flow using the laser doppler method
and skin temperature in the neural innervation zones. At room temperature (23£17C),
spontaneous bursts of sympathetic activity were regularly observed in skin nerve fascicles of
the median nerve, followed by transient signs of vasoconstriction in the left middle finger.
No significant change in sympathetic activity was observed during handgrip of the right
tand under a constant grasping power of 2kg. Subjects maintained the same grasping
power of the right hand during exposures to local vibration and/or noise in random order,
each lasting 5 minutes with intervals of 20 minutes. A two-peaked significant increase in
sympathetic outflow was observed during local vibration exposure to the right hand with a
frequency of 60 Hz and an acceleration of 50 m/sec?, followed by a post-exposure period
revealing a relative suppression of sympathetic activity and a significant increase in blood
flow. The response to a different frequency of vibration, 120 Hz, with the same
acceleration, was much smaller, accompanied by larger interindividual variation. Exposure
to noise at 57 dB(A), which was the noise level assocjated with driving of the vibration
generator, produced no significant change in sympathetic activity. Noise at 100 dB(A)
showed only an initial effect on skin sympathetic activity, whereas when combined with
local vibration at 60 Hz, a pronounced increase in the neural activity was noticed,
indicating a combined effect of vibration and noise. These results from a direct recording
of skin sympathetic activity suggest a sympathetic vasomotor reflex mechanism triggered by
use of vibrating tools.




