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Objectives Changes in finger circulation were studied during and after acute exposure to increasing magnitudes of 
hand-transmitted vibration. 
Methods Finger skin temperature (FST) and finger blood flow (FBF) were measured in the middle fingers of both 
hands of 10 healthy men. The right hand was exposed for 15 minutes to 125-Hz vibration with acceleration 
magnitudes of either 5.5,22,44, or 62 m/s2 root-mean-square. The measures of finger circulation were taken before 
the vibration, at fixed intervals during exposure, and during a 45-minute recovery period. 
Results The FST did not change during vibration exposure, whereas vibration of any magnitude provoked 
significant reductions in the FBF of the vibrated finger when compared with the preexposure FBF and the 
contralateral (nonvibrated finger) FBF. Vasoconstrictor aftereffects (ie, during recovery) were observed in both 
fingers after the end of exposure to vibration magnitudes greater than 22 m/s2 root-mean-square. The higher the 
vibration magnitude, the stronger the reduction of FBF in either finger during both vibration exposure and the 
recovery period. This effect was stronger in the vibrated finger than in the nonvibrated finger during both periods. 
COI'IC~US~OI'IS Acute exposure to 125-Hz vibration can reduce FBF in both the vibrated and the nonvibrated finger, 
and the degree of digital vasoconstriction is related to the magnitude of the vibration. The pattern of the 
hemodynamic changes during and after vibration exposure suggests that complex vasomotor mechanisms are 
involved in the response of digital vessels to acute vibration. 

Key terms acceleration magnitude, acute vibration, digital vasoconstriction, finger blood flow, vasomotor effects. 

In a previous paper, we reported that the duration of acute 
exposures to hand-transmitted vibration can influence the 
response of finger circulation in  healthy persons (1). It 
was found that the longer the duration of exposure to vi- 
bration with a frequency of 125 Hz  and a root-mean- 
square (rms) acceleration magnitude of 87 m/s2, the 
stronger the vasoconstriction in  the vibrated finger dur- 
ing both vibration exposure and a subsequent recovery 
period. Current standards for hand-transmitted vibration 
assume that the risk of vascular disorders in the fingers 
and hands of vibration-exposed subjects depends prima- 
rily on the physical characteristics of vibration (2, 3). 
Thus, in addition to the duration of exposure, the magni- 
tude and frequency of vibration have to be taken into ac- 
count when the probability of adverse effects in the dig- 
ital vessels is predicted. 

The aim of this study was to extend our previous in- 
vestigation by exploring the effect of the magnitude of 

vibration acceleration on the finger circulation of normal 
subjects. This study is part of a research project whose 
purpose is to contribute to the understanding of the patho- 
physiological mechanisms underlying the digital circu- 
latory responses to vibration and how they are related to 
the physical characteristics of vibration (4,5).  

Subjects and methods 

Subjects 
Ten healthy male volunteers, 6 Caucasians and 4 Orien- 
tals with a mean age of 32 (SD 8.5) years, participated 
in the study. All the subjects were office workers with 
no history of regular usage of vibrating tools in occupa- 
tional or leisure-time activities. None of them reported 
cardiovascular o r  neurological disorders, connective 
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tissue diseases, injuries to the upper extremities, or a fam- 
ily history of Raynaud's phenomenon. All were non- 
smokers and reported mild alcohol consumption. All the 
subjects read a list of contraindications and gave writ- 
ten, informed consent to participate in the investigation. 
The mean height of the subjects was 176 (SD 5.0) cm, 
and their mean weight was 76 (SD 15) kg. Finger dimen- 
sions were measured with velnier callipers to a precision 
of 0.5 mm. Finger volume and surface area were calcu- 
lated from that of a cylinder formed from an ellipse based 
on the dimensions of the proximal interphalangeal joint 
and the length of the finger. The subjects were requested 
to avoid consuming caffeine for 2 hours and alcohol for 
12 hours prior to the testing. 

Measures of finger circulation 
Finger blood flow (FBF) and finger systolic blood pres- 
sure (FSBP) were measured in the middle fingers of both 
the right and the left hand. The methods used to measure 
FBF and FSBP were similar to those reported elsewhere 
(1,4, 5). Briefly, mercury-in-silastic strain gauges were 
placed around the distal phalanges at the base of the nails, 
and plastic pressure cuffs for air inflation (2.4 x 9 cm) 
were fixed around the proximal phalanges and secured 
with a Velcro strip. The pressure cuffs and strain gauges 
were connected to a plethysmograph (Digitmatic 
DM2000, Medimatic A/S, Copenhagen). 

The FBF was measured using a venous occlusion 
technique. The pressure cuffs were inflated to a pressure 
of between 40 and 60 mm Hg (5.3 and 8.0 kPa), and the 
rise of volume was detected by means of the strain gauge 
according to the criteria given by Greenfield et a1 (6). 
The FBF measurements were expressed as milliliters per 
100 milliliters a minute. Between 3 to 5 plethysmograph- 
ic recordings of FBF were made for each measurement, 
and the mean value was calculated. Each plethysmo- 
graphic recording lasted about 15 seconds. 

The FSBP was measured using the technique de- 
scribed by Nielsen et al (7). The tips of the middle fin- 
gers were squeezed, and the pressure cuffs were inflated 
to a suprasystolic pressure of 250 mm Hg (33.3 kPa). The 
pressure in the cuffs was then reduced at approximately 
3 mm Hgls (0.4 kPa1s). The FSBP was defined as the 
cuff pressure at which a volume increase was detected 
in the distal phalanx by means of the strain gauge. 

The brachial systolic and diastolic blood pressures 
were measured in the upper right arm using an auscula- 
tory technique with a standard pressure cuff (12 x 23 cm). 
The finger and brachial blood pressures were obtained 
at the beginning and at the end of each experimental ses- 
sion. 

Finger skin temperature (FST) was measured using 
k-type thermocouples connected to a HVLab thermal es- 
thesiometer so as to measure temperatures to an accura- 
cy of +0.2"C. The thermocouples were taped to the 

dorsal surface of the medial phalanges of the middle fin- 
gers using porous surgical tape so as to minimize the in- 
fluence on skin temperature (Micropore, 3M). The room 
temperature was measured by a mercury-in-glass ther- 
lnorneter to an accuracy of +O.l°C. 

Experimental procedure 
The experiments were performed in a room with a mean 
temperature of 24.5 (SD 0.8)"C. The subjects wore light 
indoor clothing and lay supine on an examination couch 
throughout the investigation with their hands resting on 
wooden platforms alongside the body at about the level 
of the heart. After a period of acclimatization of about 
15-20 minutes, FBF and FST were measured in the mid- 
dle fingers of both hands. After the base-line readings 
were obtained, the subjects were asked to apply a down- 
ward force of 10 N with their right hand on a wooden 
platform (100 x 100 mm), which was mounted on an 
electrodynamic vibrator (V404, Ling Dynamics). Visual 
feedback for the control of downward force was supplied 
by means of an analogue force meter connected to a force 
cell mounted between the platform and the shaker. All 
fingers of the right hand were in contact with the wood- 
en platform (4). The right elbow and upper arm rested 
comfortably on the couch, which had no contact with the 
vibrating system. The arrangement for controlling con- 
tact force and generating vibration has been described 
elsewhere (1,4,5). 

Sinusoidal vibration was produced in the vertical di- 
rection at a frequency of 125 Hz and an rms acceleration 
of 5.5, 22, 44, or 62 m/s2 (unweighted). These values 
correspond to frequency-weighted accelerations of 0.7, 
2.8,5.5, and 7.8 m/s2 rms, respectively, according to the 
international standard IS0 5349 and the British standard 
BS 6842 (2,3). 

The exposure duration on each occasion was 15 min- 
utes, giving 8-hour energy-equivalent frequency-weight- 
ed acceleration magnitudes of 0.12, 0.5, 1.0, and 
1.4 m/s2 rms, respectively. According to the dose-re- 
sponse relationship included in an annex to BS 6842, vi- 
bration-induced white finger (VWF) is expected to oc- 
cur in 10% of a worker population after about 16 years 
of exposure to an equivalent-weighted acceleration mag- 
nitude of 1.4 m/s2, the highest magnitude used in this 
study (3). 

The FBF and FST were measured from both the ex- 
posed (right) and unexposed (left) middle fingers before 
the vibration exposure, throughout the vibration exposure 
period, and for 45 minutes following the exposure. The 
measures of finger circulation were commenced at 0.5, 
1.5, 3.5, 5.5,7.5, and 15 minutes after the start of vibra- 
tion. The plethysmographic recordings showed no oscil- 
lations associated with the frequency of vibration. Meas- 
ures were taken at the same intervals following the ces- 
sation of vibration and then at each 7.5-minute interval 
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during the remainder of the recovery period. Previous 
studies have shown that these dependent variables (FBF 
and FST) do not change when the static force used in 
this experiment is applied without vibration (1,4,5). For 
this reason, the present study does not include a static 
condition. 

Each subject had measurements taken on 4 occasions 
and the right hand was exposed to each vibration magni- 
tude on a different day. The order of presentation of vi- 
bration magnitude was randomized. Each experimental 
session lasted about 1.5 hours. 

The study was approved by the Human Experimen- 
tation Safety and Ethics Committee of the Institute of 
Sound and Vibration Research at the University of South- 
ampton. 

Statistical methods 
The data analysis was performed using the software pack- 
ages BMDPIDynamic (release 7.0) and Stata (version 
5.0). The data were summarized with the mean as a meas- 
ure of central tendency and the standard deviation (SD) 
or standard error of the mean (SEM) as measures of dis- 
persion. The difference between 2 means was tested by 
a paired or unpaired Student t-test when appropriate. A 
repeated measures analysis of variance (ANOVA) was 
used to test the hypothesis of no difference in the vascu- 
lar responses under different exposure conditions ("treat- 
ments"). When the treatment-by-time interaction term 
was significant (P<0.05) in the ANOVA, a separate anal- 
ysis of the results within treatments was made. To con- 
trol for the effect of covariates on the response variables, 
a repeated measures analysis of covariance (ANCOVA) 
was also used. The 95% Bonferroni confidence intervals 
for pairwise mean comparisons of the response by time 
were used when the probability value for the F-test of 
the repeated measures ANOVA was Pc0.05 (2-sided). A 
regression analysis was performed by the method of the 
least squares. The relation between the FBF and vibra- 
tion magnitude was assessed by the generalized estimat- 
ing equations (GEE) approach to repeated measures data 
sets to account for the within-subject correlation (8). 

Results 

The vascular measurements taken before the vibration 
exposure showed neither changes in FBF, FST, or FSBP 
across the 4 experimental sessions nor differences be- 
tween the middle-right and middle-left fingers within any 
sessions. 

Under the preexposure conditions, the FBF correlat- 
ed with the FST (P=0.02) and finger volume (P=0.03) 
for both fingers. No differences were observed for the 
finger and brachial systolic blood pressures measured at 
the beginning and end of the testing sessions. 

The environmental conditions were well controlled 
during the experimental sessions, and the repeated meas- 
ures ANOVA showed no differences in room tempera- 
ture across the 4 testing sessions, ranges of the mean val- 
ues being 24.2 (SD 0.9)-24.9 (SD 0.7)"C. 

Finger skin temperature 

Before the exposure, the mean FST values varied from 
32.6 (SD 2.5) to 33.6 (SD 1.3)"C for the right (vibrated) 
finger and from 32.4 (SD 2.2) to 33.5 (SD 1.3)"C for the 
left (nonvibrated) finger. With control for age, finger sur- 
face area, and room temperature, the repeated measures 
ANCOVA showed neither treatment-by-time interaction 
nor differences in the FST between the 4 exposure con- 
ditions for either the vibrated or the nonvibrated finger 
during either the vibration exposure or the recovery pe- 
riod (results not shown). 

Finger blood flow 

Table 1 presents the results of the FBF measurements 
before, during, and after the exposures to vibration at 4 
acceleration magnitudes. The FBF means of both the vi- 
brated and nonvibrated fingers throughout the various 
experimental sessions are plotted in figure 1. As the re- 
peated measures ANCOVA showed a treatment-by-time 
interaction for both the vibrated (P=0.001) and the non- 
vibrated (P=0.02) fingers, the changes in FBF were ex- 
amined separately for the different exposure conditions. 

Acute exposure to 125-Hz vibration provoked signif- 
icant changes in the FBF of the vibrated finger (P=0.001) 
with any acceleration magnitude. Compared with the pre- 
exposure measurements, a reduction in the FBF of the 
vibrated finger was observed in all the measurements 
during the exposure to vibration (Bonferroni test: 
P<0.05). Moreover, the greater the vibration magnitude, 
the stronger the vasoconstriction in the vibrated finger 
from 1.5 to 15 minutes during the vibration exposure 
(P=0.01). Within each exposure condition, there was no 
difference between the consecutive measurements of the 
FBF (ie, the degree of vasoconstriction in the vibrated 
finger did not vary significantly throughout the 15-minute 
exposure period). 

In the nonvibrated finger, vibration with acceleration 
magnitudes from 22 to 62 m/s2 caused a decrease in the 
FBF (P=0.001), while no changes were observed during 
exposure to vibration acceleration of 5.5 m/s2. 

At each measurement time during the various expo- 
sure conditions, the reduction of FBF was greater in the 
vibrated finger than in the nonvibrated finger (P<0.05). 

Immediately after the vibration ended, there was an 
increase in the FBF of both fingers. When compared with 
the last measure of FBF taken at the 15th minute during 
the vibration exposure, the increase in FBF was signifi- 
cant for acceleration magnitudes of 22 to 62 m/s2 for the 
vibrated finger (P=0.01) and for the acceleration magni- 
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Table 1. Finger blood flow [m1/(100 ml.min)] measured in 10 healthy subjects before, during, and after 15-minute exposure to vibration 
with a frequency of 125 Hz and acceleration magnitudes of 5.5, 22, 44, and 62 m/s2 rms. (rms = root-mean-square, SE = standard error 
of mean, ANCOVA = repeated measures analysis of covariance) 

Vibration 125 Hz, 5.5 mIs2 Vibration 125 Hz, 22 mIs2 Vibration 125 Hz, 44 m/sZ Vibration 125 Hz, 62 mIs2 

Exposed finger Unexposed finger Exposed finger Unexposed finger Exposed finger Unexposed finger Exposed finger Unexposed finger 

Mean SE %"can SE %a Mean SE %a Mean SE %a Mean SE %a Mean SE %a Mean SE %a Mean SE %a 

Before exposure 18.1 1.8 100 19.3 2.1 100 18.9 1.8 100 17.7 1.9 100 21.0 1.7 100 21.5 2.5 100 17.7 1.3 100 17.4 1.5 100 
Exposure 

0.5minutes 8.9 1.8 46.6 16.7 2.3 85.3** 8.0 2.5 39.9 13.0 2.4 69.8* 7.2 2.3 30.1 13.6 2.1 61.3** 3.8 0.5 22.3 11.1 1.8 61.5** 
1.5rninutes 10.5 2.1 55.4 16.5 2.1 86.8** 8.1 2.4 40.5 12.0 2.0 65.V 6.5 1.6 28.4 13.7 2.2 61.4** 3.4 0.4 19.4 11.2 1.6 63.7** 
3.5 minutes 10.6 1.9 55.6 16.8 2.4 84.4** 8.7 2.4 44.5 13.2 1.8 74.7* 7.7 2.0 33.4 13.5 1.9 62.4* 4.2 0.6 25.4 12.0 1.8 66.4** 
5.5minutes 11.3 1.8 60.1 16.5 2.1 85.0** 8.5 2.0 44.1 13.1 2.2 72.0" 7.8 2.5 34.1 13.4 1.9 61.4* 5.0 0.6 29.9 10.9 1.3 63.0** 
7.5minutes 12.5 2.2 68.6 16.7 1.7 90.3* 9.0 1.9 46.5 13.3 1.9 74.5* 9.2 2.1 40.9 13.1 1.9 59.4* 4.9 0.6 30.7 10.8 1.5 61.1** 
15minutes 10.6 2.0 58.2 17.2 2.2 91.3** 8.7 1.9 44.8 13.8 1.4 78.7** 8.3 1.9 36.8 13.9 1.9 64.4* 4.0 0.6 23.4 10.7 1.6 61.0** 

Recovery 
0.5rninutes 14.7 1.5 83.8 20.2 2.1 108**15.2 2.1 80.5 17.3 1.6 99.7 18.2 2.3 85.7 18.5 2.1 86.1 16.7 1.8 94.9 16.8 1.5 95.1 
1.5 minutes 14.7 1.5 83.4 19.1 2.0 102* 17.0 2.1 91.5 17.5 1.8 100 17.1 2.5 81.4 17.4 2.4 79.8 17.2 1.7 100 17.9 1.3 105 
3.5rninutes 14.9 1.2 85.3 19.7 2.4 106* 14.0 1.3 75.6 18.2 1.3 107**16.2 2.2 77.0 17.2 1.8 81.5 15.6 1.5 91.0 16.7 1.5 96.8 
5.5 minutes 15.5 1.3 87.9 19.4 2.1 104**13.7 1.6 72.3 16.9 1.8 99.9 15.8 2.5 74.4 18.8 2.2 89.8 14.3 1.2 82.4 15.2 1.5 87.7 
7.5minutes 15.1 1.1 88.2 16.8 1.8 91.6 13.9 1.3 75.3 15.6 1.3 91.1 15.8 2.1 74.7 16.3 1.3 79.1 14.8 1.4 86.5 15.9 1.7 90.7 
15minutes 11.3 1.5 64.8 16.0 1.8 87.5**12.5 1.5 66.4 15.1 1.4 88.4 12.2 2.1 55.2 15.9 2.8 71.4* 12.2 1.6 69.9 15.2 1.6 87.9* 
22.5minutes 12.6 1.9 71.9 17.5 2.3 98.0**12.6 1.7 67.4 15.6 1.4 89.9* 11.9 2.0 54.9 14.9 2.8 67.0* 9.3 1.9 51.9 13.3 1.9 74.V 
30minutes 13.3 1.7 75.3 17.3 1.9 93.4**12.1 1.9 63.5 14.1 1.7 79.0 10.3 1.4 47.7 13.1 2.0 59.4 7.1 1.0 39.4 11.0 1.4 63.7* 
37.5minutes 13.2 2.2 74.2 16.4 1.9 87.4**10.2 1.5 53.8 14.0 1.6 78.4** 9.3 1.4 43.3 12.5 2.0 56.2 6.6 0.9 37.2 13.0 1.8 75.0** 
45minutes 13.6 2.0 76.4 17.2 2.1 91.1* 12.1 1.7 63.5 14.9 1.9 85.6 11.0 1.8 51.5 14.1 1.9 64.8 7.5 1.1 43.6 12.2 1.9 70.3** 

ANCOVA (P-~alue)~<0.001 0.14 <0.0001 <0.01 <0.0001 <0.001 tO.OOO1 <0.001 

a Percentages of values before exposure. 
b P-values of ANCOVA adjusted by age, finger volume, and room temperature. 
*P<0.05, **P<O.Ol; paired t-test (exposed versus unexposed finger). 
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Figure 1. Mean values of finger blood flow measured in 10 healthy men before, during, and after 15-minute exposure to vibration with 
a frequency of 125 Hz and acceleration magnitudes of 5.5, 22, 44, and 62 m/s2 root-mean-square (rms). 

I I I I I I I I I  I I I I 

Scand J Work Environ Health 1999, "0125, no 3 281 



Digital circulatory effects of acute vibration 

tude of 62 m/s2 for the nonvibrated finger (P=0.032). The 
immediate postexposure FBF, expressed as a percentage 
of the preexposure FBF, did not differ among the 4 vi- 
bration magnitudes in either finger. 

During the recovery period, the vibrated finger 
showed a decrease in FBF, compared with the preexpo- 
sure values, about 15 to 30 minutes after the end of ex- 
posure to vibration magnitudes of 22 to 62 m/s2 (P<0.05). 
A similar reduction in FBF was observed in the nonvi- 
brated finger after exposure to acceleration magnitudes 
of 44 and 62 m/s2 (P<0.05). Likewise during the expo- 
sure period, digital vasoconstriction during recovery was 
stronger in the vibrated finger than in the nonvibrated fin- 
ger. The Bonferroni test revealed that the changes in the 
FBF of the vibrated finger from 30 to 45 minutes during 
the recovery were greater after exposure to vibration 
magnitudes of either 44 or 62 m/s2 than after exposure to 
vibration magnitudes of either 5.5 or 22 m/s2 (P<0.05). 

Discussion 

Circulatory effects of acute vibration 
The results of this study are consistent with the findings 
of previous investigations indicating that acute exposure 
to unilateral vibration with a frequency of 125 Hz can 
produce hemodynamic changes in the ipsilateral and con- 
tralateral fingers of healthy subjects and vibration-ex- 
posed workers with or without vascular disorders (1, 4, 
5,9-11). The effects of vibration applied to a finger may 
not be restricted to the finger in that the vibration will 
be transmitted from the fingers to the hand and arm in a 
manner dependent on the frequency of the vibration. For 
the frequency of vibration used in this study, the effects 
of the vibration would be expected to have been in the 
fingers and of much reduced importance in the hand and 
arm. 

The present study showed that acute exposures to 
125-Hz vibration of any magnitude in the range between 
5.5 and 62 m/s2 rms caused a reduction in the FBF of the 
vibrated finger, and this reduction was significant when 
the comparison was made with the preexposure measures. 
However, the extent of the response of the finger circu- 
lation to acute vibration was found to be dependent on 
the magnitude of the vibratory stimulus. Higher magni- 
tudes of vibration at 125 Hz induced more powerful va- 
soconstrictor effects in the digital vessels than lower 
magnitudes of acceleration at the same vibration frequen- 
cy. These circulatory effects were observed in both the 
ipsilateral and the contralateral finger, but they were 
more pronounced in the vibrated finger. 

Comparison to previous studies 
The findings of this investigation are consistent with 
those of a few previous experimental studies on the 

effects of the magnitude of hand-transmitted vibration on 
finger circulation (9, 11, 12), even though these studies 
have some limitations associated with exposure condi- 
tions, experimental design, or the use of qualitative indi- 
cators of finger circulation. 

On studying the digital circulatory effects of hand- 
transmitted vibration on lumberjacks with and without 
VWF by means of piezoelectric or photoelectric plethys- 
mography, Pyykko et a1 (9) found that vasospastic reac- 
tions were more frequently triggered by 125-Hz vibra- 
tion with a high amplitude (peak-to-peak displacement 
of 530 p) than by vibration with lower amplitudes (160- 
265 pm). Welsh reported a progressive reduction of FBF 
in normal subjects as the magnitude of vibration displace- 
ment at 80 Hz increased from 0.125 to 1.0 mm (12). Egan 
et a1 (I 1) measured FBF and FST in 12 healthy male vol- 
unteers whose right hands were exposed to 2-minute vi- 
bration of low or high intensity from a pneumatic chisel 
attached to a plate. Consistent with the present study, they 
found no change in FST throughout either level of vi- 
bration exposure. Both low and high intensity vibration 
caused reductions in the FBF of the right (vibrated) and 
left (nonvibrated) fingers during the exposure period. 
Moreover, the exposure to high intensity vibration was 
followed by incomplete recovery of the preexposure FBF, 
which was more pronounced than that observed after the 
end of the exposure to low intensity vibration. Even 
though the magnitude of the vibration exposure was not 
precisely quantified in that study, the findings seem to 
be in agreement with our findings. 

Our findings indicate that digital vasoconstriction 
during vibration exposure and vasomotor after effects 
during recovery are associated with the magnitude of 
acute exposures to hand-transmitted vibration. The GEE 
approach to repeated measures data showed that there 
was a significant relation between the maximum reduc- 
tion of FBF during both the vibration exposure and the 
recovery period and the magnitude of vibration (figure 
2). This effect was stronger in the vibrated finger than in 
the nonvibrated finger during both periods. 

Pathophysiological mechanisms 
The pathophysiological mechanisms underlying the acute 
effects of hand-transmitted vibration on finger circula- 
tion have not yet been fully clarified. An immediate dig- 
ital vasoconstriction at the beginning of vibration expo- 
sure, as well as persisting vasomotor effects after vibra- 
tion has ended, has been reported in several investiga- 
tions of either experimental animals or the human hand 
(1,4,5,  11, 13, 14). The prompt reduction of FBF in the 
ipsilateral finger and the evidence of vibration-induced 
digital vasoconstriction in the contralateral finger sup- 
port the hypothesis that vibration can elicit a central sym- 
pathetic reflex through the activation of the mechanore- 
ceptors located in the tissues of the hand (5,9-11, 13). It 
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Exposed finger during vibration 
y=42.6-0.46~ P(slope)=0.0001 

Unexposed finger during vibration 
y=67.5-0.39~ P(slope)=O.Ol 

Exposed finger during recovery 
y=55.6-0.40~ P(slope)=O.OOI 

Unexposed finger during recovery 
y=71.4-0.33~ P(slope)=O.Ol 

0 

Acceleration magnitude (m/s2 rms) 

Figure 2. Relation between the maximum reduction of finger blood flow (expressed as the  percentage of the preexposure values) during 
and after vibration exposure and the acceleration magnitude of the vibration. 

is recognized that some of these mechanoreceptors, such 
as the Pacinian corpuscles, are connected with the sym- 
pathetic nervous system, and they respond to vibration 
stimuli in the frequency region between 63 and 500 Hz 
(15). 

Local and neuroendocrine vasoregulatory factors 
have been considered by various researchers (5, 9, 10, 
16) to play a role in the digital vasoconstriction induced 
by acute vibration. In the context of our investigation, it 
is worth noting that Azuma et a1 (14) found that the larger 
the vibration magnitude at frequencies above 30 Hz, the 
stronger the responsiveness of femoral arterial strips of 
mongrel dogs to noradrenaline after vibration stimulation. 
This finding may suggest a conditioning effect of vibra- 
tion on the arterial vessels, possibly by enhancing the 
constrictor response of the blood vessel wall to circulat- 
ing vasopressor agents or substances released from the 
adrenergic nerves. 

Concluding remarks 
The results of this study indicate that acute exposure to 
125-Hz vibration can reduce FBF in vibrated and nonvi- 
brated fingers and that the degree of the reduction in the 
finger circulation is related to the magnitude of the vi- 
bration exposure. This finding extends our previous ob- 
servations in that, not only the duration of the exposure, 

but also the magnitude of vibration acceleration plays a 
role in the vasoconstrictor response of the digital vessels 
to acute vibration (1). The pattern of the hemodynamic 
changes induced by hand-transmitted vibration in both 
the exposed and the unexposed fingers was consistent 
with that observed in our previous investigations (1, 4, 
5 ) ,  indicating that complex vasomotor mechanisms, me- 
diated both centrally and locally (16), are involved in the 
reaction of digital vessels to acute vibration. 
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