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Acute response of finger circulation to force and vibration applied to the

palm of the hand
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Objectives This study investigated the effects of force at the palm on acute changes in finger circulation during
exposure to vibration.

Methods Ten persons attended five sessions consisting of the following five successive 5-minute periods: (i) no
force and no vibration, (ii) force and no vibration, (iii) force and vibration, (iv) force and no vibration, and (v) no
force and no vibration. During the second and fourth periods, the palm of the right hand applied 5 N or 20 N to a
platform that vibrated (125 Hz, 64 m/s? root mean square) during the third period. Finger blood flow was
measured in the middle and little fingers of the right (exposed) hand and the middle finger of the left (unexposed)
hand.

Results A force of 20 N alone reduced the mean finger blood flow in the ipsilateral and contralateral fingers.
Finger blood flow was also reduced by vibration, with greater reductions when vibration was combined with 20
N of force. Vibration caused vasoconstriction in the fingers of both the vibrated and nonvibrated hands.
Conclusions Force applied to the palm reduced blood flow in the fingers of the exposed hand, probably due to
compression of the vascular system supplying the fingers. There was evidence that force may reduce finger
blood flow in the contralateral hand, possibly due to a central sympathetic effect. Vibration at 125 Hz applied to
the palm of the hand reduced finger blood flow in fingers of that hand and also in a finger of the contralateral

hand. In this study, any local effects of vibration were less than those of central sympathetic origin.

Key terms finger blood flow; force; hand palm; hand-transmitted vibration.

Occupational exposures of the hand to the vibration of
many types of handheld power tools are responsible for
various disorders collectively known as the hand—arm
vibration syndrome (1, 2). One component of the syn-
drome is a vascular disorder known as vibration-induced
white finger in which there is complete episodic closure
of digital blood vessels resulting in attacks of well-de-
marcated finger blanching (3). The attacks of blanch-
ing are most commonly provoked by cold, but the phys-
ical conditions causing the underlying disorder are not
well established (4).

Current standards define uniform methods of mea-
suring and evaluating exposures to hand-transmitted
vibration so as to quantify daily doses of vibration, and
regulations define limiting exposures (5, 6). Nevertheless,

the current methods of assessing the risks of disorder
are only loosely based on scientific data (7). In the stan-
dards, it is currently assumed that the risks can be pre-
dicted solely from the magnitude and the frequency of
the vibration and the duration of the exposure. It seems
likely that other factors have an influence, including the
location of contact with vibration and the pressure of
the contact with the fingers or hand (5).

Epidemiologic studies have investigated the relation-
ships between some measures of vibration exposure and
the probability of disorder (8) but have had limited pow-
er to investigate the effects of the frequency, magnitude,
and duration of exposure to vibration and some of the
other factors that may influence the risk of injury. Lab-
oratory studies allow the systematic investigation of
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variables but cannot reproduce the conditions causing
the chronic disorder—due to ethical considerations and
the months or years of exposure required to produce the
disease.

We have previously reported acute changes in fin-
ger blood flow produced by laboratory exposures of fin-
gers to vibration and systematically explored how re-
ductions in the flow depend on the frequency, magni-
tude, and duration of exposure (9—12). We have also
reported the effects of various combinations of finger
push force (no force, 2 N or 5 N) and vibration [31.5 Hz
at 4 and 16 m/s? root mean square (rms) and 125 Hz at
16 and 64 m/s? rms] on finger blood flow in an exposed
right middle finger, an unexposed right little finger, and
an unexposed left middle finger (13). Force alone re-
duced finger blood flow in the exposed finger but not
in the other fingers. In the vibrated finger and the non-
vibrated fingers, there were additional reductions in fin-
ger blood flow caused by vibration with greater reduc-
tions at the higher vibration magnitudes at both frequen-
cies. It appears that modest levels of force applied by a
finger can have a large effect on finger blood flow in
that finger, but the force applied by a finger did not
cause changes in finger blood flow in other fingers. A
recent study has found that a 2-N push force applied to
the medial phalanx of a finger reduced blood flow in
the exposed finger (14).

When some power vibratory tools (eg, some etch-
ing tools) are operated, there may be direct contact be-
tween the body and the vibration only at the fingers, but
most power tools require a palm grip where vibration
enters the hand and fingers over a large area. The find-
ing of the previous study of the effects of force on a
finger may be explained by pressure on tissues causing
constriction of local blood vessels. Such an effect would
differ if the force were applied to the hand or fingers at
other locations.

Pressure can be expected to compress the tissues of
the body and reduce blood flow local to the application
of pressure or reduce blood flow to distal locations if
the force obstructs arterial supply. The greater effect
with greater force may arise from more constriction or
from larger areas being constricted. The compression of
tissues may also alter the dynamic response of the tis-
sues, changing the way vibration is transmitted to the
finger or hand (13). This change could result in an in-
teraction between the effects of force and vibration. For
example, vibration may have a greater effect when there
is a higher magnitude of force.

The objective of our present study was to extend pre-
vious findings of the effects of vibration on the finger
by determining whether vibration applied to the palm
of the hand reduced finger blood flow and whether any
reduction in blood flow caused by vibration was influ-
enced by variations in the force applied to the palm.
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Study population and methods
Study population

Ten healthy male volunteers, seven Caucasian and three
Asian, gave their written informed consent to partici-
pate in the investigation. All of the participants were stu-
dents or office workers with no history of regular use
of handheld vibrating tools in occupational or leisure-
time activities. Eight were nonsmokers. None reported
cardiovascular or neurological disorders, connective tis-
sue diseases, injuries to the upper extremities, a history
of cold hands, or use of medication. The mean age of
the participants was 27.4 (SD 6.5, range 19-40) years,
their mean stature was 179 (SD 8.0, range 165-187) cm,
and their mean weight was 77 (SD 8.0, range 64-86)
kg. Finger dimensions were measured with vernier cal-
lipers. Finger volume was calculated from that of a cyl-
inder formed from an ellipse based on the dimensions
(length, breadth and depth) of the proximal, medial, and
distal phalanges. The mean volume of the middle right
finger was 23.9 (SD 3.0) cm?, that of the little right fin-
ger was 12.2 (SD 1.0) cm’, and that of the middle left
finger was 22.9 (SD 2.4) cm’.

Measures of finger circulation

Finger blood flow was measured in the middle fingers
of both hands and in the little right finger. Mercury-in-
silastic strain gauges were placed around the distal pha-
lanx at the base of the nails, and plastic pressure cuffs
for air inflation (9.5 x 2.5 cm) were fixed around the
proximal phalanges and secured with a velcro strip.
Three pressure cuffs and strain gauges were connected
to a multichannel plethysmograph (HVLab, Institute of
Sound and Vibration Research, University of Southamp-
ton, Southampton, UK).

The finger blood flow was measured using a venous
occlusion technique. The pressure cuffs were inflated
to a pressure of 60 mmHg, and the increases in finger
volumes were detected by means of strain gauges ac-
cording to the criteria given by Greenfield et al (15).
The finger blood flow measurements were expressed in
milliliters per 100 ml per second.

Brachial systolic and diastolic blood pressures were
measured in the upper right arm by an ausculatatory
technique with the participants supine.

Room temperatures were measured using a thermo-
couple located adjacent to the participants’ heads.

Experimental procedure

The experiment was performed in a laboratory room
with a mean temperature of 25.8 (SD 0.8)°C. The par-
ticipants were requested to avoid caffeine, tobacco, and
alcohol consumption for 2 hours prior to the testing.
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Each of the 10 participants attended five sessions in
the laboratory. In each session, they experienced the
following five successive experimental periods of 5
minutes: (i) no force and no vibration, (ii) force and no
vibration, (iii) force and vibration, (iv) force and no vi-
bration, and (v) no force and no vibration.

Throughout each session, the participants lay supine
with their hands resting on platforms alongside their
body at the level of the heart. After a period of accli-
matization of about 20 minutes, finger blood flow was
measured in the middle right and left fingers and the
little right finger at 1-minute intervals during the 5 min-
utes of the first period. The right hand was then moved
by the experimenter so that the center of the palm was
positioned on a cylindrical wooden platform with a
domed end. The diameter of the circular contact was 25
mm, the radius of curvature of the dome being 25 mm.
During the second period the participants were asked
to apply a downward force of either 5 or 20 N with the
palm on the platform that was mounted on an electro-
dynamic vibrator (VP4, Derritron, Hastings, UK). The
signal from a force cell (Tedea Huntleigh, Cardiff, UK)
mounted between the platform and the vibrator was used
to provide visual feedback on a meter for the control of
downward force. All of the fingers of the right hand
were suspended in air (figure 1). The left hand remained
supported at heart height to the left of the body.

During the third period, sinusoidal vertical vibration
was presented for 5 minutes, followed by a period with
force without vibration during the fourth period. The
right hand was then moved by the experimenter so that
it was again supported on a platform at heart height
alongside the participant for the fifth period.

The vibration during the third period had an accelera-
tion magnitude of 64 m/s> rms unweighted (8.0 m/s? rms
weighted) at 125 Hz. There were, in addition, two con-
ditions with force (5 or 20 N) but no vibration and one

—— Vibrator
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Figure 1. Experimental set-up used for
generating vibration, controlling the contact
force and measuring finger blood flow.

Table 1. Experimental design of the study—condition of
exposures to push force alone (newtons) and the combinations
of push force and 125-Hz vibration with an acceleration
magnitude of 64 m/s? root mean square. Condition A was the
control condition. (min = minutes)

Condi- Exposure period (time interval)
tion
First Second Third Fourth Fifth
(- (5= (10-15 min) (15— (20—
5 min) 10 min) 20 min) 25 min)
Force Force Force Vibration Force  Force
Ny (N) N ——— N (N)
Hz m/s?
A - - - - - - -
B - 5 5 - - 5 -
C - 20 20 - - 20 -
D - 5 5 125 64 5 -
E - 20 20 125 64 20 -

condition with no force and no vibration, giving a total
of five conditions (table 1).

For the 5-minute duration of vibration exposure, the
8-hour energy-equivalent frequency-weighted acceler-
ation magnitude [ie, A(8)] was 0.816 m/s? rms in condi-
tions D and E according to international standard 5349—
1 (5).

Finger blood flow was measured at 1-minute inter-
vals in the middle and little right (exposed) fingers and
in the middle left (unexposed) finger throughout the
25 minutes of each condition. The measurements of fin-
ger blood flow, expressed in absolute values (milliliters
per 100 ml per second) and as a percentage of the pre-
exposure values, were averaged over the 5 minutes of
each exposure period.

Brachial blood pressures were measured at the be-
ginning and end of each experimental session. Room
temperature was measured at 1-minute intervals.
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Table 2. Results of the repeated-measures analysis of variance.

Finger (between exposure conditions) P-value
Middle right finger
Within period 2 (5 to 10 minutes) <0.001
Within period 3 (10 to 15 minutes) <0.001
Within period 4 (15 to 20 minutes) <0.01
Little right finger
Within period 2 (5 to 10 minutes) <0.005
Within period 3 (10 to 15 minutes) <0.001
Middle left finger
Within period 3 (10 to 15 minutes) <0.05

Each of the 10 participants experienced all five ex-
perimental conditions on 5 separate days. Across the
participant group, the five experimental conditions were
presented in a random order. The experimental sessions
lasted approximately 45 minutes. All of the sessions
were completed within a 3-week period.

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
Southampton (UK).

Statistical methods

The data analysis was performed using the software
package Stata (version 8.2 SE, Stata Corporation, Col-
lege Station, TX, USA). The data were summarized with
the mean as a measure of the central tendency and the
standard deviation (SD) or the 95% confidence interval
(95% CI) as measures of dispersion.

The difference between paired means was tested by
Student’s t-test.

A repeated-measures analysis of variance (ANOVA)
was used to test the hypothesis of no difference in the
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to E) and the five exposure periods. (See
table 1.) The plotted symbols are mean values.

vascular responses under different exposure conditions.
When the compound symmetry assumption (that is, that
the measures have the same variance and the correla-
tions between each pair of repeated measures are equal)
was violated, a conservative test of the repeated-mea-
sures factor was used by reducing the degrees of free-
dom of the F-ratio (Greenhouse-Geisser method) (16).
The 95% Bonferroni confidence intervals for pairwise
mean comparisons of the response were used when the
probability value for the F-test of the repeated measures
ANOVA was P<0.05 (2-sided).

The relation between variables with repeated mea-
sures was assessed by the generalized estimating equa-
tions (GEE) method in order to account for the within-
participant correlation (17).

Results

Figure 2 shows the overall pattern of the mean values
of the finger blood flow (FBP) (expressed as milliliters
per 100 ml per second and as percentages of the preex-
posure values, ie, FBP%) in the middle and little right
fingers (exposed hand) and in the middle left finger (un-
exposed hand) across the five exposure periods and the
five exposure conditions. A repeated-measures ANO-
VA over the whole experiment revealed significant main
effects for finger (P=0.003), exposure condition
(P<0.001), and exposure period (P<0.001). Two-way
(eg, period x condition) and three-way (finger x condi-
tion X period) interaction terms were also found to be
significant (P<0.001) (table 2). As a result, data analy-
sis was conducted separately within each finger and



across the various exposure periods and exposure con-
ditions.

Finger circulation before exposure

The vascular measurements during the first period, be-
fore exposure to either push force alone or push force
and vibration (see table 1), showed no significant dif-
ferences in finger blood flow in any finger of either the
exposed or the unexposed hand across the five experi-
mental sessions (P=0.47-0.83). During preexposure, the
finger blood flow across the sessions averaged 1.09
(95% CI1.02-1.16) m1/(100 ml - s) for the middle right
finger, 0.92 (95% CI 0.86—0.98) ml/(100 ml - s) for the
little right finger, and 1.15 (95% CI 1.07-1.23) ml/(100
ml - s) for the middle left finger. The preexposure mea-
sures of digital circulation showed that finger blood flow
in the little right finger was significantly lower than that
in the middle fingers of both hands (P<0.05).

Brachial systolic and diastolic arterial pressures mea-
sured before exposure did not change significantly for
any of the participants across sessions (range of values
across participants and sessions, 120/70-125/80 mm
Hg). No difference was observed for the brachial arte-
rial blood pressures measured at the beginning and the
end of the five sessions.

The volume of the fingers was not correlated with
the baseline measures of digital circulation. For the mid-
dle finger of both hands (P<0.03), but not for the little
right finger, finger blood flow was inversely related to
the age of the participant.

For the preexposure period, the analysis of repeated
measures by the GEE method showed no significant re-
lation between finger blood flow and room temperature
for any finger.

The repeated-measures ANOVA revealed no signif-
icant difference in the air temperature of the laboratory
across the five experimental sessions (P=0.28) and the
five exposure periods (P=0.20), ranges of the mean val-
ues being 25.4 (SD 0.7)-26.0 (SD 0.5)°C.

Circulatory effects of exposure to push force

A repeated-measures ANOVA showed no significant
difference in finger blood flow (expressed as either
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milliliters per 100 ml per second or as the percentage
of the preexposure level) for any finger over the first to
fifth exposure periods during the resting condition (con-
dition A) (figure 2).

There were no significant changes in the finger
blood flow of any finger in either the exposed or the
unexposed hand during the second period when com-
pared with that of the preexposure, during exposure to
solely a push force of 5 N (condition B).

With 5 N applied to the palm of the right hand for
15 minutes (second to fourth periods) in condition B,
the average finger blood flow in the right middle finger
was reduced to 86.2% of that without force (during the
preexposure period) in condition B (P=0.04). The cor-
responding values for the other fingers were 96.4% for
the little right finger (P=0.55) and 89.5% for the mid-
dle left finger (P=0.15). Exposure of the right hand to a
push force of 20 N alone (condition C) during the sec-
ond period caused a significant reduction in finger blood
flow in the middle and little right fingers (P<0.001) and
the middle left finger (P<0.01) when compared with that
of the preexposure period (figure 2).

With 20 N applied to the palm of the right hand for
15 minutes (second to fourth periods) in condition C,
the average finger blood flow in the right middle finger
was reduced to 60.7% of that without force (during the
preexposure period) in condition C (P<0.001). The cor-
responding values for the other fingers were 78.0% for
the little right finger (P<0.01) and 85.5% for the mid-
dle left finger (P=0.062).

When compared with the resting condition (condi-
tion A) during the second period, a push force of 20 N
(condition C) provoked a significant decrease in the fin-
ger blood flow of the middle and little right fingers
(P<0.01) (table 3). For the fingers of the right (exposed)
hand, there was no significant difference in the change
of the finger blood flow between the resting condition
and a push force of 5 N during the second period, while
20 N was associated with a greater decrease in finger
blood flow than with 5 N (P<0.05) (figure 2).

Relative to blood flow without force during the sec-
ond period in condition A, there was a reduction in the
finger blood flow of the middle left finger during expo-
sure of the right hand to 5 N and 20 N (-7.7% and
—14.3% on the average, respectively), but the difference
was not significant (P=0.21) (table 3).

Table 3. Repeated-measures analysis of variance for testing the effects of push force on the percentage change in finger blood flow (%
of preexposure) in the second and fourth exposure periods (see table 1)—the mean square (MS) values and F-statistic and probability
levels for the effect of push force was shown.

Exposure period Middle right finger (exposed hand) Little right finger (exposed hand) Middle left finger (unexposed hand)

MS F P-value MS F P-value MS F P-value
Period 2 3747 11.8 <0.001 1654 4.77 0.003 423 1.54 0.21
Period 4 2337 4.09 0.008 963 1.69 017 243 0.46 0.76

Scand J Work Environ Health 2006, vol 32, no 5 381
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Circulatory effects of combined exposure to push force
and vibration

A repeated-measures ANOVA revealed that combined
exposure to push force and vibration during the third
period induced significant changes in the finger blood
flow of the monitored fingers of both the exposed and
the unexposed hand (figure 2). For the middle right fin-
ger, a push force of 20 N combined with 125-Hz vibra-
tion at 64 m/s? rms (condition E) caused a significant
decrease in finger blood flow when compared with that
of any other experimental condition (A to D)
(0.001<P<0.05). In the little right and middle left fin-
gers, a push force of 20 N combined with vibration pro-
voked a more pronounced decrease in the finger blood
flow than in condition A (no force and no vibration) and
condition B (push force of 5 N alone) (0.001<P<0.05).

Exposure to a push force of 5 N combined with vi-
bration (condition D) was associated with a reduction
of finger blood flow in each finger, which was signifi-
cant only when compared with that of the resting condi-
tion with no force and no vibration (condition A) (P<0.05).

When the components of the exposure conditions
(push force and vibration) were included separately in
a repeated-measures ANOVA model, significant main
effects of push force and vibration during the third pe-

riod were observed for the fingers of the right (exposed)
hand (table 4). A marginal effect of vibration was found
for the middle finger of the left (unexposed) hand
(P=0.07). There was no significant force-by-vibration
interaction for any finger (figure 3) (ie, the effect of vi-
bration was not significantly influenced by force and
vice versa).

To estimate the contribution of vibration to the ob-
served changes in finger blood flow, we calculated the
difference between the percentage of change in the fin-
ger blood flow (% of preexposure) in the third period
and the percentage of change in the finger blood flow
(% of preexposure) in the second period to remove the
effect of push force. After the contribution of force to
the change in the finger blood flow was subtracted, the
GEE method for repeated-measures analysis showed
that exposure to 125-Hz vibration with an unweighted
acceleration magnitude of 64 m/s> rms provoked a sig-
nificant decrease in finger blood flow in all of the fin-
gers of both the right (exposed) and the left (unexposed)
hands (table 5). With condition A (no exposure to force
and vibration) as the reference category, the reduction
in the finger blood flow provoked by vibration expo-
sure averaged 24.6% for the middle right finger
(P<0.001), 24.7% for the little right finger (P<0.001),
and 19.3% for the middle left finger (P<0.01).

Table 4. Repeated-measures analysis of variance for testing the effects of push force and vibration on the percentage change in finger
blood flow (% of preexposure) in the third exposure period (see table 1)—the mean square (MS) values and F-statistic and probability
levels for the main effects of push force and vibration and for the force-by-vibration interaction term are shown.

Source of Middle right finger (exposed hand) Little right finger (exposed hand) Middle left finger (unexposed hand)
variation
MS F P-value MS F P-value MS F P-value
Force 7364 24.7 <0.001 2418 8.79 0.033 476 1.54 0.24
Vibration 3428 6.52 0.03 2819 5.25 0.045 1968 411 0.07
Force x vibration 4.81 0.02 0.90 568 0.74 0.41 305 0.84 0.38
120
u
100 b \ .\
80 \. .\: o\'
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L 60 *
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40 ° —e— 920N

20 middle right finger
(exposed hand)

little right finger
(exposed hand)
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Table 5. Regression of percentage change in finger blood flow (% of preexposure) on exposure to push force and vibration (categorical
predictors treated as dummy variables). The change in finger blood flow was calculated as the difference between the percentage of
change in finger blood flow (% of preexposure) in the third exposure period and the percentage change in finger blood flow (% of
preexposure) in the second exposure period. (See table 1.) Regression coefficients (robust 95% confidence interval) were estimated by
the generalized estimating equation method for repeated-measures data on the assumption of no exposure to push force and no

exposure to vibration as the reference category. The P-values were adjusted for multiple comparisons (Bonferroni method).

Predictors Change in finger blood flow (%)
Middle right 95% Cl Little right finger ~ 95% Cl Middle left finger  95% ClI
finger (ex- (exposed (unexposed
posed hand) hand) hand)
Intercept (no exposure) 1.34 -9.28-11.9 4.72 -3.47-12.9 -0.08 -8.48-8.32
Force 5N 4.42 -11.6-20.5 3.38 -10.2-17.0 8.12 -11.8-28.0
Force 20 N 2.49 -11.6-16.6 1.67 -12.3-15.7 6.47 -8.17-21.1
Vibration 125 Hz, 64 m/s? root mean square -24.6 -42.1--7.192 -24.7 -38.7--10.82 -19.3 -31.9--6.62°
2 P<0.001.
b P=0.003.

A significant effect of push force on the change in
finger blood flow during the fourth period (exposure to
push force alone) was observed only in the middle fin-
ger of the right (exposed) hand (table 2). Consistent with
the findings for the second period, 20 N during the
fourth period induced a greater decrease in the finger
blood flow of the middle right finger than either no force
or 5-N force (P<0.05). No significant effect of push
force was observed for either the little finger of the right
(exposed) hand or the middle finger of the left (unex-
posed) hand during exposure in the fourth period.

Finger circulation after exposure

There were no significant differences in the finger blood
flow during the fifth period (ie, recovery) across the five
experimental conditions for any of the three fingers
(P=0.38-0.88). Compared with the preexposure, the fin-
ger blood flow in the fifth period was lower in the mid-
dle right finger in conditions B to E (P<0.05) and in the
middle left finger in condition B to D (P<0.05), while
no significant differences were found for the little right
finger in any of the experimental conditions.

Compared with the average finger blood flow dur-
ing the application of 20 N (during the second through
the fourth periods) in condition C, the subsequent per-
centage of finger blood flow during the recovery in-
creased in the right middle finger (from 60.7% to 73.3%,
P=0.11) and in the right little finger (from 78.0% to
93.0%, P=0.44). However, for the left middle finger, the
percentage of finger blood flow decreased from 85.5%
to 76.5% (P=0.12).

Discussion

The objectives of the study were to determine whether
vibration applied to the palm of the hand reduced fin-

ger blood flow and whether any reduction in blood flow
caused by vibration was influenced by variations in the
static force. The exposure conditions were chosen to be
similar to those used in a previous study (13), and they
were reasonably representative of the conditions caus-
ing vibration-induced white finger with regular pro-
longed exposures.

The marginal effect of 20-N force applied by the
right hand on finger blood flow in a finger on the left
hand suggests a central sympathetic response. The 20-
N downward force by the hand required exertion of ef-
fort from the recumbent participants. It required more
effort than the application of 5 N and appears to have
provoked a generalized central vasoconstriction that was
maintained during the 15 minutes of force.

In both fingers of the exposed hand, the vibration
reduced finger blood flow similarly at both forces, with
no interaction between the effects of vibration and force.
There was also no significant interaction between the
effects of vibration and force in the changes in finger
blood flow in the third finger of the left (unexposed)
hand, although the mean results suggest a greater effect
of vibration with 5 N than with 20 N. It appears that
both vibration and force had an effect on finger blood
flow in the contralateral hand but that the combination
of high force and vibration had less effect than might
have been expected from the separate effects of force
and vibration, as seen in figure 3. In this contralateral
hand, the effects of both force and vibration are assumed
to arise from a central sympathetic response, which may
have limited capability to cause vasoconstriction and
might be limited to less vasoconstriction than seen in
an exposed hand in which the vasoconstriction caused
by force and vibration could arise from one or more lo-
cal effects in addition to a central sympathetic effect.

For the exposed hand, the absence of a statistically
significant interaction between force and vibration does
not mean that the effects of force and vibration will al-
ways be additive. Possibly, force may cause greater
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changes in the transmission of vibration into the hand
at some frequencies than at others, with an interaction
at vibration frequencies not investigated in this study.
Furthermore, other forces, or forces applied at other lo-
cations, may have different effects from those found in
the current study.

With a 5-N force alone there was no significant vas-
oconstriction. The reduced finger blood flow with the
combination of 5-N force and 125-Hz vibration was
similar for all three fingers, this finding suggesting that
the effects caused by this combination of vibration and
force may have been predominantly influenced by a cen-
tral sympathetic response.

During the 15-minute application of the 20-N force
alone in condition C, the reduction in finger blood flow
was significantly greater in the right middle finger than
in both the right little finger (P= 0.02) and the left mid-
dle finger (P<0.001), and there was no significant dif-
ference in the reduction of finger blood flow between
the right little finger and the left middle finger (P=0.15).
This finding may suggest that the increased force caused
some compression of the vascular supply to the right
middle finger but somewhat less compression of the
vascular supply to the right little finger. With respect to
the anatomy of the arterial tree in the palm of the hand,
the wooden dome used in this study may have com-
pressed the superficial palmar arterial arch and the com-
mon palmar digital arteries supplying the middle finger
and the lateral side of the little finger, while less pres-
sure was exerted on the palmar digital artery that sup-
plies the medial side of the little finger.

With 20-N force in combination with 125-Hz vibra-
tion, the reduction in finger blood flow was significant-
ly greater in the right middle finger than in the other
two fingers. There was a similar pattern to the changes
in finger blood flow in the exposed right little finger and
the unexposed left middle finger, consistent with both
being caused by a central sympathetic response. The
greater reduction in finger blood flow in the right mid-
dle finger may be merely the addition of a central sym-
pathetic effect to a local effect of tissue compression
with this greater level of force.

The results of this study are broadly similar to those
of our previous investigation with variations in vibra-
tion and force applied to the finger (13). In that study,
increasing push forces (0, 2 and 5 N) were associated
with increasing reductions of finger blood flow in the
exposed finger, and these reductions were assumed to
be due to local mechanical compression of the digital
arteries. With force applied to the finger there was no
significant change in finger blood flow in the unexposed
ipsilateral and contralateral fingers, although the mean
data may reflect some reductions. As in the present
study, vibration caused reductions in finger blood flow
in fingers not exposed to vibration.
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Gripping a vibratory tool can require the application
of forces that may reduce blood flow in tissues of the
fingers either as a result of pressure on the arterial tree
supplying these tissues or as a result of pressure applied
directly to the local tissues of the fingers. There may
also be a central response to the application of force,
giving reduced blood flow at locations other than close
to the location of application of force. Vibration-induced
white finger develops in tissues to which vibration is
applied, suggesting that local effects of vibration and
pressure are involved, but the relative roles of vibration
and pressure and any involvement of central responses
are not yet understood.

The vibrations of tools cause oscillatory forces with-
in tissues in addition to the static forces arising from
pushing and gripping. Present and previous studies have
shown that such fluctuating forces tend to reduce blood
flow. However, the local effects of oscillatory forces
will be frequency-dependent, and some may increase
blood flow, such as seen with massage, for which the
excitation is mainly at frequencies lower than studied
in this investigation.

During the application of vibration and force, cen-
tral and local effects such as those mentioned in this re-
port may be expected to depend on the duration of ap-
plication of the vibration and force. Furthermore, after
the cessation of vibration and force, it cannot be as-
sumed that the complex systems controlling blood flow
will instantly return to their state before the application
of vibration and force. As seen in this study and also
previously (10-13), there can be after-effects as the vas-
cular system recovers. Further study is needed to un-
cover the responsible mechanisms and understand their
influences.

While the mechanisms responsible for the current
findings are not well understood, there may be practi-
cal implications with regard to exposure to vibration
from handheld power tools. It is clear that both vibra-
tion and force (or pressure) at the hands and fingers can
reduce finger blood flow. Since one of the disorders
caused by chronic exposure to hand-transmitted vibra-
tion is associated with reductions in finger circulation,
it would be wise to minimize both force and vibration,
as they can separately and collectively cause reductions
in finger blood flow during acute exposure to vibration.

A 20-N force applied to the palm of the hand can
reduce blood flow in the fingers. Local reduction in fin-
ger blood flow in one or more fingers on the exposed
hand may be explained by compression of the vascular
system supplying the fingers. There is also evidence that
force applied to the palm of one hand can reduce finger
blood flow in the contralateral hand, possibly due to a
central sympathetic effect. Vibration applied to the palm
of a hand at a frequency of 125 Hz reduces finger blood
flow in fingers on the exposed hand and also in fingers



of the contralateral hand, the occurrence suggesting that
the effect is primarily of central sympathetic origin.
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