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Objectives The present study investigated whether the impairment of tactile sensitivity after exposure to 
vibration disturbs the motor control of precision handling and, if so, whether it can result in an increased risk of 
injury during or after tasks involving the use of vibrating tools. 
Methods Twelve men were manually exposed to vibration from an electric sander for 30 min. Cutaneous 
sensitivity was quantified by measuring the pressure perception threshold and vibration perception threshold 
(125 Hz) on the pulp of the second finger. Manipulative skill was evaluated by grip-lift movements and the 
Purdue pegboard test. 
Results The vibration perception threshold increased very significantly from 94.0 dB (0.06 in/s2) before the 
vibration exposure to 127.5 dB (3.2 m/s2) immediately after the exposure. The pressure perception threshold 
tended to increase after vibration exposure, although not significantly, but manipulative skill was not altered. 
C O ~ ~ C ~ U S ~ O ~ S  Change in vibration perception threshold was not associated with a significant increase in the 
pressure perception threshold or a perturbation of manual skill. Therefore, in conditions similar to those of our 
experiment, the safety of a precision task does not appear to be reduced after such vibration exposure. 

Key terms manual dexterity, mechanoreceptive units, precision grip, pressure perception, vibrotactile per- 
ception. 

Psychophysical studies have reported that tactile sensi- 
tivity is impaired during and for a time after vibration 
exposure (1-3). The pathophysiological mechanisms 
involved in the peripheral neural changes induced by 
vibration are not fully understood. Damage induced by 
vibration has been observed in the ultrastructure of the 
peripheral nerve (4-3, as well as in the infraneural 
microvessels (6). Microneurographic recordings of iin- 
pulses from single afferent nerve fibers in awake human 
subjects have shown that an acute but temporary depres- 
sion in sensitivity occurs in skin mechanoreceptive affer- 
ent units after fairly powerful vibration exposure. It was 
concluded that the acute impairment of tactile sensitivity 
caused by vibration exposure, as observed in psycho- 
physical studies, can probably be explained by a depres- 
sion of the excitability of the mechanoreceptive afferent 
units (3). 

Tactile sensory information from the skin of the fin- 
gers is of crucial importance in the motor control of 

prehensile tasks (7-9). Changes in the excitability of 
the mechanoreceptive afferent units should thus impair 
the motor skill of the hand. Consequently disturbances in 
the regulation of precision grip might occur both during, 
and for a time after, exposure to vibration. If so, it may 
be a contributing factor in the occurrence of accidents 
among craftsmen and industrial workers while interact- 
ing with vibrating tools or among workers in professions 
requiring excellent hand functioil (precision, sensibility, 
fine manipulation). 

Few studies have considered the short-term neuro- 
logical effects of exposure to vibration among normal 
subjects and its influence in the workplace. Harnmar- 
skjold et a1 (10) have used a gross approach to study the 
effects of a 10-rnin exposure to vibration of 20 m/s2 at 50 
Hz in a population of carpenters. They observed no dif- 
ference in the performance of standard tasks before and 
after vibration exposure. Other studies have tried to quan- 
tify the short-term neurological effects, in particular the 
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impairment of the vibration perception sense, without 
considering the potential interference with workplace 
safety (1, 11-13). 

The objective of the present research was to investi- 
gate whether the impairment of tactile sensitivity after 
exposure to vibration disturbs the motor control of preci- 
sion handling, and, if so, whether it can result in an 
increased risk of injury during or after tasks involving 
the use of vibrating tools. 

Subjects and methods 

Subjects and procedures 
Twelve male students participated in this study. They 
were given full information about the objective of the 
study and its protocol, and they gave their free consent to 
participate. The subjects were in good health, had never 
suffered from any neurological, vascular or traumatic 
problem in the upper limbs, and were not using vibrating 
tools on a regular basis. Their mean age, weight, and 
height were 24.5 (SD 2.5) years, 71.5 (SD 12.0) kg, and 
175.6 (8.4) cm, respectively. 

The subjects set with their upper arm along their 
trunk, the forearm horizontal in slight abduction, the 
hand in the neutral position of flexion-extension and 
radio-ulnas deviation. They were exposed to vibration 
from grasping an electric sander with their dominant 
hand. The subjects were familiarized with the procedures 
before the measurements. 

The sander was representative of the tools available 
on the market for both private and professional use. It 
was counterbalanced so that the subjects could hold it 
without supporting its weight. The vibration amplitudes 
were measured in the X (perpendicular to the hand), Y 
(the axis of the grip) and Z (the axis of the forearm) axes 
on the handle of the sander according to IS0 standard 
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Figure 1 .Spectrum for equal bandwidth (2.5 Hz) acceleration in theaxis 
perpendicular to the hand (X axis), as generated by an electric sander. 

5349, using a Bruel & Kjzr (B & K) (type 4321) triaxial 
accelerometer and a B&K (type 2231) sound level meter 
equipped with a vibration module (B &K type 2522). 
The spectrum of the equal bandwidth (2.5 Hz) accelera- 
tion in the predominant X axis is shown in figure 1; the 
vibration consisted mainly of 2 sinusoidal accelerations 
at 162.5 Hz and 420 Hz. The weighted acceleration am- 
plitudes were equal to 9.1,2.3 and 7.7 m/s2, respectively, 
in the X, Y and Z axes. The unweighted amplitudes were 
101, 55, and 85 m/s2, respectively. The vector sums of 
the weighted and unweighted acceleration over the 3 
axes were 12 m/s2 and 143 m/s2, respectively. The expo- 
sure to vibration lasted 30 min. 

The tests were conducted in the following order: the 
vibration perception threshold, the pressure perception 
threshold, the grip-lift movement, the Purdue pegboard 
test. The whole sequence took less than 4 min and was 
conducted 3 times before the vibration exposure, imme- 
diately after the vibration exposure, and again after a 
recovery period of 25 min. 

Skin temperature was controlled on the tip of the 
middle finger with an Ultrakust infrared thermometer 
before and after the vibration exposure. 

Vibration perception threshold 

The vibration perception threshold was measured with a 
B & K 48 10 shaker that drove a metallic rod with a cross 
sectional area of 5 mm2. The vibrating rod was mounted 
on a beam balance that maintained the force applied 
against the skin at 0.2 N. The vibration exciter was regu- 
lated by a Madsen Micromate 304 audiometer modified 
to generate sine signals at 125 Hz in the range of 50 to 
150 dB (re 1 pm/s2). 

The subject was seated, with his upper arm along the 
trunk and his forearm bent at 90°, and resting on the box 
on which the counterbalanced shaker was mounted. The 
vibration perception threshold was measured on the pulp 
of the second finger. The vibration level was set at 70 dB 
and then progressively increased by steps of 5 dB. The 
subject was instructed to press a button with the other 
hand as soon as he could perceive the vibration. The 
level was then decreased by steps of 5 dB until the 
vibration was no longer perceived. It was then increased 
again, and the search for the threshold was repeated 
twice. The recorded threshold was the minimum value of 
3 consecutive trials. 

Pressure perception threshold 

The pressure perception threshold was determined using 
a Semmes-Weinstein esthesiometer (Lafayette Instru- 
ment Company, Inc). This instrument consists of a set of 
20 monofilaments of progressively larger diameters, cal- 
ibrated to exert increasing peak forces when pressed and 
bent against the skin. The monofilaments were applied 
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perpendicularly to the pulp of the second finger, and 
pressure was increased until the filament bent. The 
weights exerted by the complete set of monofilaments 
ranged from 0.044 to 4385 mN. Short-lasting applica- 
tions (< 1 s) were presented according to the procedure 
described by Bell-Krotoski (14). 

Grip-lift movement 

The test instrument (figure 2) used to measure grip-lift 
movement was similar in design to the one reported by 
Westling & Johansson (1 5). Its weight was 220 g and the 
2 parallel, vertical grip surfaces were covered with suede. 
The force perpendicular to the grip surface (grip force) 
and the force tangential to the surface (load force) were 
measured with strain-gauge transducers. The signals were 
sampled at 400 Hz with a 12-bit resolution analog-to- 
digital converter. 

The subject was instructed to grasp the test instru- 
ment between his thumb and index finger and to lift it 
approximately 5 cm above the table for about 10 s. He 
was instructed to focus on maintaining the vertical posi- 
tion of the object. Then, he was asked to loosen his grip 
force slowly and let the test instrument slide through his 
fingers. The slippage at the end of each trial was detected 
by the sudden drop in load force. The coefficient of static 
friction between the grip surface and the skin (p) was 
determined by measuring the grip force at which the 
object began to slip from grasp (GFJ(16): 

the factor 0.5 being due to the fact that the load force was 
distributed on 2 fingers. 

Johansson & Westling (16) proposed splitting the 
grip-lift movement into several phases during which dif- 
ferent time and force parameters can be determined (fig- 
ure 2). During the initial phase of the grip-lift move- 
ment, the duration of the preload and the load phases 
was recorded. The preload phase (a) is the delay be- 
tween finger contact and the onset of the increase in 
load force. The duration of the load phase (b) is mea- 
sured from the time when the load force is positive and 
shows a continuous increase until the object moves from 
its support (ie, the load force overcomes the gravitation- 
al weight of the object). In addition, the grip-force rate 
(dGF/dt) and the load-force rate (dLF/dt) were com- 
puted using a k 5-point numerical differentiation. The 
peak values of the grip and load force rates and the 
respective times at which they occurred were registered. 
The ratios between the 2 peak values (a) and between 
their times of occussence (T) were computed. During 
the static phase (c), the safety margin (y) is calculated 
by subtracting the GF,:LF ratio at slip onset from the 
mean GF:LF ratio computed while the object is held 
steadily. The test was always executed 3 times in a row, 
and the mean values were computed. 
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Figure 2. Grip instrument (inset) and typical traces of grip force (GF), 
load force (LF), the GF:LF ratio and the GF and LF rates for a subject 
lifting a grip instrument weighing 220 g with grip surfaces covered with 
suede. The vertical dotted lines represent the time cursors used to 
define the preload phase (a), the loading phase (b), the static phase (c), 
and the onset of slippage. Note that the peaks of the GF and LF rates 
reach approximately the same value and that they occur nearly simul- 
taneously. At the end of the static phase (c), GF is slowly released until 
the grip instrument slides through the fingers. The slip ratio represents 
the GF: LF ratioatwhich the fingers slipped acrossthe gripped surfaces. 
The white area above the slip ratio indicates the safety margin adopted 
to prevent slippage. 

Purdue pegboard 
The Purdue pegboard test (17) measures manual dexteri- 
ty and emphasizes the finger dexterity factor. This factor 
is defined as the ability to make rapid, skillful, and con- 
trolled manipulative movements of small objects, prima- 
rily with the fingers (18). 

The subjects were asked to use their dominant hand 
to complete only the unimanual subtest of the Purdue 
pegboard test. This task consists of picking up metal 
pegs from a cup and inserting a maximum number of 
them, 1 by 1, into a row of holes within a 30-s period. 

Data analysis 

For all the variables, an analysis of variance with re- 
peated measures was conducted immediately before the 
exposure to vibration, immediately after the exposure, 
and after a recovery period of 25 min. For each variable 
showing a significant effect over the repeated measure, a 
paired t-test was used to compare the value before the 
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exposure and after the recovery period. The significance 
level was set at P = 0.05 for all the statistical analyses. 

The mean results of the tests before exposure, immedi- 
ately after exposure, and after 25 min of recovery are 
presented in table 1, along with the results of the statisti- 
cal analyses. The vibration perception threshold in- 
creased very significantly from 94.0 dB (0.06 m/s2) be- 
fore the exposure to 127.5 dB (3.2 m/s2) directly after 
the exposure. After a recovery period of 25 min, the 
vibration perception threshold had nearly returned to 
normal, but was still significantly higher. The pressure 
perception threshold tended to increase after the expo- 
sure vibration, although not significantly. The results of 
the Purdue pegboard test varied significantly but clearly 
improved instead of decreasing after the exposure to 
vibration. 

The effects of vibration on force coordination during 
precision griping were similarly investigated by compar- 
ing the parameters characterizing the grip-lift movement 
as described in figure 2. The durations of the preload and 
load phases did not change significantly between the 3 
times of measurement. The ratio between the peak val- 
ues of the grip and load force rates (a), and between 
their respective times of occurrence (z), remained con- 
stant and around 1 across the consecutive trials. During 
the static phase of the lift, there was no statistically 
significant difference among the trials as far as the safety 

margin (y) and the friction coefficient (p) were con- 
cerned. This finding indicates that (i) there was no varia- 
tion in the friction between the gripped object and the 
glabrous skin of the fingers with time and throughout the 
successive lifts and (ii) that the grip force during the 
static phase remained perfectly matched to the friction 
between the grip instrument and the skin from 1 lift to 
another. 

Skin temperature measured on the tip of the middle 
finger was identical before (28.5 + 3.9"C) and after 
(28.6 k 33°C) the vibration exposure. 

Discussion 

The results of this study show that exposure to vibration 
does not generate a short-term perturbation of manual 
skill even though the vibration perception threshold at a 
frequency of 125 Hz is significantly increased at the tip 
of the second finger. Vibrations at frequencies above 
50 Hz selectively excite FA I1 units (Pacinian corpus- 
cles), but the vibration sensation is poorly located (7) 
because the FA I1 units have large receptive fields with 
poorly defined borders. The role of FA I1 units in the 
motor control of precise manipulative movements re- 
mains to be clearly defined. It has been suggested that 
they might play a role because of their high responsive- 
ness to mechanical transients such as those caused by an 
object's lift-off (7). For example, they are able to detect 
that an object has started to move earlier than anticipated 
if it is lighter than expected. Nevertheless, successful 

Table 1. Results of the measurements made before the vibration exposure, immediately after the exposure, and after 25 minutes of 
recovery. 

Variable Before Immediately After 25 min Effect of exposure Before versus recovery 
exposure after of recovery 

exposure 

Mean SD Mean SD Mean SD Degrees F-value P-value Degrees t-value P-value 
of of 

freedom freedom 

Vibration perception 
threshold (VPT) (dB) 
Pressure perception 
threshold (PPT) (mN) 
Purdue pegboard (n) 
Grip-lift movement 
Preload phase (ms) 
Loading phase (ms) 
Ratio of peak values of 
grip force and load force 
rates (o) 
Ratio of time to peaks 
of grip force and load 
force rates (z) 

Friction coefficient (I*) 
Safety margin (y) 
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manipulation of an object first requires its stabilization in 
the grip. 

Grasp stability is assured by adequate forces normal 
to grip surfaces (grip forces) in relation to the destabiliz- 
ing forces tangential to the grip surfaces (load forces). 
Thus it is the parallel coordination between the grip force 
and the load force which ensures a safe grip. It has been 
demonstrated that, in a lifting task, the responses in FA I 
afferents (Meissner corpuscles) primarily reflect changes 
in tangential load forces both during the preload phase 
and early during the loading phase (a and b in figure 2) 
when the contact between the digits and the object is 
being established (7). Westling & Johansson (7) have 
estimated that, at a grip force of < 1 N, approximately 
300 FA I afferents are engaged in each digit. The ex- 
treme sensitivity of the FA I units to tangential load 
forces, and their high density, may allow FA I units to 
play a central role in scaling reactive grip forces to im- 
posed load forces (9). 

Considering the grip-lift movement studied in our 
experiment, it is important to point out that the parallel 
coordination between the grip and the load forces was 
not impaired by vibration since the force and time pa- 
rameters characterizing this particular movement did not 
change after the vibration exposure (table 1). The fact 
that the ratios w and T remained constant and around 1 
indicated that the tuning of the grip and load force was 
similar and that this perfect coordination between the 2 
forces was not affected by vibration. This finding im- 
plies that fast adaptive-type I receptors were not per- 
turbed by vibration exposure, and that FA I afferent 
information generated during the lifting task was still 
available for the central nervous system. 

The finding that pressure perception threshold was 
not significantly affected by vibration exposure confirms 
our observation that tactile sensitivity was not complete- 
ly disrupted by vibration. We observed a slight increase 
in the pressure perception threshold which was indica- 
tive of diminished light touch. At these low threshold 
levels, Bell-Ksotoski (14) reported that subjects may not 
even realize that they have a sensory impairment, yet 
they are able to maintain fair use of their hands. A pres- 
sure perception threshold above 7 mN must be reached 
before they are faced with difficulties in manipulating 
objects. Pressure perception is based on signals detected 
by the rapidly adapting afferent units, particularly when 
short-lasting indentations are presented (19) as in our 
experiment. This circumstance indicates that either FA I, 
or perhaps both FA I and FA I1 receptors, were not 
diminished in their ability to detect pressure after vibra- 
tion exposure. 

The conclusion of a lack of relationship between the 
strong temporary threshold shift of the vibration percep- 
tion threshold at 125 Hz and manual skill is further 
reinforced by the fact that the performances on the Pur- 

due pegboard test were not altered. This unimanual test 
involves a sequence of grip-lift movements, transfers, 
and positioning using a metal peg and measures unilater- 
al fine manual dexterity (20). Instead of being degraded, 
the perforlnances improved slightly, probably due to a 
learning effect. 

Concluding remarks 

The exposure to fast rotating tools for 30 min clearly led 
to a temporary threshold shift in vibration perception at a 
frequency of 125 Hz in normal subjects. A change in the 
vibration perception threshold was not associated with a 
significant increase in the pressure perception threshold 
or with a perturbation of motor control in precision han- 
dling. Under these conditions, the safety of a precision 
task may not be reduced after vibration exposure. 

Our conclusions must be restricted to the experimen- 
tal conditions of our study, and further research is need- 
ed to investigate whether the same results are reached 
when slowly rotating tools (with lower excitation fre- 
quencies) are used or when the exposure lasts longer 
than 30 min. 

Obviously no conclusion can be derived concerning 
the potential association between an increase in the per- 
manent vibration perception threshold in subjects ex- 
posed for many years to vibration and their manipulative 
performances. 
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