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Summary. The ability of subjects to perceive innocu- 

ous stimuli in the presence and absence of movement 

was evaluated using electrical stimulation of the skin. 

The subjective intensity of suprathreshold stimuli 

was unchanged during movement. Discrimination of 

small differences in the intensity of suprathreshold 

stimuli (difference thresholds) was also not altered by 

movement while, in the same subjects, detection 

thresholds were increased during movement of the 

stimulated arm. These results suggest that the eleva- 

tion of detection thresholds during movement can be 

explained by masking. Both active and passive move- 

ment of the stimulated limb increased detection 

thresholds, with active movement having a slightly 

greater and more consistent effect than passive 

movement. Thus, both central and peripheral feed- 

back factors appear to play a role in diminishing 

one's ability to detect weak stimuli during move- 

ment. Attention was also shown to influence per- 

formance of the detection task. 
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Introduction 

Animal and human experiments show that there is a 

reduction in the transmission of sensory information 

to the thalamus and somatosensory cortex associated 

with movement. The amplitude of evoked potentials 

in the lemniscal system decreases prior to and during 

voluntary limb movements in cats (Ghez and Lenzi 

1971; Ghez and Pisa 1972; Coulter 1974), monkeys 

(Dyhre-Poulson 1978; Chapman et al. 1984) and man 
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(Giblin 1964; Coquery and Vitton 1972; Lee and 

White 1974; Hazemann et al. 1975; Papakostopoulos 

et al. 1975; Rushton et al. 1981; Starr and Cohen 

1985). In keeping with these findings, psychophysical 

experiments have shown that the threshold for 

detecting cutaneous stimuli rises when the stimulated 

area is actively moved (Coquery et al. 1971; Garland 

and Angel 1974; Dyhre-Poulson 1978; Angel and 

Malenka 1982) and this change can precede the onset 

of movement (Coquery 1978). These observations 

lead to the assumption that sensory perception 

becomes less acute during movement. But it is not 

known how, or even whether, the perception of 

suprathreshold stimuli is modified during movement. 

This study examined the ability of subjects to 

perceive stimuli during arm movement. The experi- 

ments, were designed to differentiate between two 

hypotheses, shown schematically in Fig. 1, which 

could explain the effects of movement on sensory 

perception. With the parallel curve hypothesis (Fig. 

1A), we postulate that the entire stimulus-response 

function may be shifted horizontally to the right 

during movement. In this case, the elevated detec- 

tion threshold would be associated with a uniform 

decrease in the subjective intensity of a stimulus 

during movement. However, since the slope of the 

stimulus-response function is unchanged, the per- 

ceived difference between stimuli would be pre- 

served and thus the difference thresholds would be 

unchanged during movement. Our second hypothesis 

is that only the lower part of the curve is displaced 

(Fig. 1B). In both the somatosensory and the audi- 

tory systems, the detection threshold is increased in 

the presence of a second "masking" stimulus (see, for 

eg., Craig 1972, 1978; Moody et al. 1976). While the 

subjective intensity of auditory stimuli limited to the 

lower end of the intensity range is diminished during 

the masking procedure, the two stimulus-response 

curves join at a certain suprathreshold intensity so 
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Fig. 1A, B. Hypothetical effects of movement on the perception of 

innocuous cutaneous stimuli, given that the detection threshold is 

increased during movement. For both A and B, the broken line 

represents the stimulus-response function at rest; the solid line 

represents the function during movement. A Parallel curve 

hypothesis. The entire stimulus-response function may be shifted 

horizontally to the right during movement. B Masking hypothesis. 

The origin of the stimulus-response curve is shifted to the right 

during movement but the curves rejoin at a suprathreshold level. 

At intermediate intensities of stimulation, the slope of the 

stimulus-response curve is increased 
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that, above that level, subjective intensity is not 

altered in the presence of the masking stimulus 

(Pohlman and Kranz 1924; Fowler 1937). With 

respect to the present study, if the signals associated 

with movement - efference copy and/or peripheral 

reafference associated with the movement - act as 

masking stimuli, and if the testing occurs in the range 

over which the two curves are identical, then one 

might expect that the elevated detection threshold 

would be associated with no change in either subjec- 

tive intensity or in the difference threshold. Testing 

below the level at which the two curves join would be 

expected to diminish the subjective intensity and 

increase the difference threshold (increase in slope, 

see Fig. lB.) 

In order to differentiate between our two hypo- 

theses, we evaluated subjects' ability to perform 

three different perceptual tasks in the presence and 

absence of movement. First, their ability to distin- 

guish between suprathreshold stimuli was evaluated 

(difference threshold). Second, the perceived inten- 

sity of stimuli was examined in a scaling task (mag- 

nitude estimation). Finally, the ability of those same 

subjects to detect threshold stimuli during movement 

and at rest was measured. The results show that 

neither the ability to discriminate between supra- 
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threshold stimuli, nor the ability to estimate the 

subjective magnitude of suprathreshold stimuli, are 

altered during movement. It is suggested that the 

diminished ability to detect threshold stimuli can be 

explained by a masking effect. A preliminary report 

of some of these data has been presented elsewhere 

(Lund et al. 1986). 

Methods 

Subjects were trained to perform three tasks - a detection task, a 

discrimination task and a scaling task - under various experimental 

conditions. All tasks used a method of constant stimuli (Wood- 

worth and Schlosberg 1954) in which 9 different intensities of 

electrical stimulation (single, constant current, square wave pulses 

of 2 ms duration) were presented in a quasi-random fashion via 

surface electrodes (7 mm diameter, cathode proximal) applied to 

the mid-ventral aspect of the right forearm. The electrodes were 

not placed in close proximity to any major cutaneous nerve trunk. 

Detection task 

The absolute threshold (50% detection level) was estimated, with 

the subject at rest, at the beginning of the session (range 0.23 to 

1.11 mA). Then, nine intensities of current, distributed linearly 

around this value (10-50 ~tA steps in different subjects, 25 ~A for 

most subjects; 4 above, 4 below and 1 equal), were presented to 

the subject at unpredictable intervals, in a random sequence 

during movement and at rest (see Experimental design, below). 

The subject was asked to report the occurrence of each perceived 

stimulus. 

Discrimination task 

Pairs of stimuli, consisting of the standard stimulus followed by the 

comparison stimulus (delay about ] s between the standard and 

the comparison), were delivered in a quasi-random fashion to the 

subject at times not predictable by the subject. A clearly detect- 

able hut innocuous stimulus served as the standard stimulus (range 

0.75 to 4.1 mA in different subjects) in this task. The subjects were 

asked to report if the comparison stimulus was the same or 

different from the preceding standard pulse. The discrimination 

threshold was estimated at the beginning of the session (50% 

called different) with the subject at rest (range 0.3 to 1.1 mA in 7 

subjects and 1.1 to 2.1 mA in 1 subject) and nine intensities 

distributed in equal steps about this value were chosen as the 

comparison stimuli (0.075 to 0.6 mA steps in different subjects; 4 

above, 4 below and 1 equal). The comparison stimulus of the 

lowest intensity was the same as the standard, to control for 

possible false alarms. 

Scaling task 

For this task, the lowest detectable and the highest, non-painful 

currents were estimated at the beginning of the session, with the 

subject at rest. Nine currents distributed linearly (equal steps 

varying from 0.15 to 1.1 mA) about a value lying midway between 

the two extremes, and covering 75% of this range, were chosen 

(range 0.8 to 9.4 mA). All stimuli were clearly detectable but 

innocuous. Care was taken to ensure that the range of values 

tested encompassed the values used for determination of the 
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Fig. 2. Detection task. Percent of trials in which subjects detected 

the stimulus, with (0)  and without (O) movment, in three 

conditions: active and passive movement of the ipsilateral, stimu- 

lated arm and active movement of the contralateral, nonstimulated 

arm. The data from 8 subjects have been pooled. Each movement 

condition was tested in a separate session. Each point is an average 

of the total number of stimuli detected at a particular intensity, 

ranging from the lowest (1 arbitrary unit) to the highest (9 

arbitrary units) intensity used. For each of the three movement 

conditions, the performance of the subjects at the 9 individual 

intensities of stimulation was compared during the movement and 

no-movement conditions (Wilcoxon matched-pairs, signed-ranks 

t e s t -  *** P < 0.005; ** P < 0.025; * P < 0.05) 

Movement conditions 

The detection, discrimination and scaling tasks were each per- 

formed at rest and during movement. In all, 3 different movement 

conditions were investigated: active and passive movement of the 

stimulated arm and active movement of the contralateral, non- 

stimulated arm. The subject was seated with the arms resting on 

two independent manipulanda. For the arm which was not 

stimulated, the forearm was supported at the wrist and the elbow. 

For the stimulated arm, the proximal point of support was shifted 

because pilot experiments showed that when the elbow rested on 

the rotating platform, there was considerable movement of the 

neighbouring skin. In order to minimize movement of the elec- 

trodes, the proximal support was therefore given by a sling under 

the upper arm. Elbow position was monitored with potentiometers 

and displayed to the subject on an oscilloscope. The subjects were 

trained to perform a repetitive flexion and extension of the elbow, 

ipsi- or contralateral to the stimulating electrodes, moving 

between 2 target lines on the oscilloscope. The amplitude of the 

movement was approximately 60 degrees, at a pace (0.5 Hz) 

indicated by a series of clicks. The subjects were instructed to 

make smooth, sinusoidal movements between the two target lines 

so that the arm was in almost continuous motion. Smooth, passive, 

sinusoidal movements between the same target lines were applied 

manually by an experimenter, using an extension attached to the 

back of the manipulandum. The frequency of movement was 

signalled in exactly the same manner as for the active trials so that, 

as far as possible, there were no systematic differences between 

active and passive movement. Stimuli were given without regard to 

the phase of movement. 

Experimental design 

A total of five female and six male volunteers participated in this 

study. Two series of experiments were performed. In the first 

series, eight subjects participated in three experimental sessions, 

one session for each movement condition (ipsilateral active, 

ipsilateral passive and contralateral active). All three tasks (detec- 

tion, discrimination and scaling) were performed in each of these 

sessions. The order of testing was counterbalanced within and 

between subjects. For the detection and discrimination tasks, 

there were six alternating blocks of 9 movement and 9 no- 

movement trials. For the scaling task, the protocol was slightly 

modified so that each movement trial was followed by a no- 

movement trial. In this manner we hoped to reduce the possibility 

that the strategy used by the subject to estimate the intensity of the 

stimuli changed between the two conditions. 

In the second series of experiments, the effects of the three 

movement conditions on the performance of the detection task 

were evaluated within the same session to permit a direct 

comparison of results obtained under identical recording condi- 

tions. Six subjects participated in one experimental session. The 

same protocol of six alternating blocks of nine movement and nine 

no-movement trials for each movement condition was employed. 

The order of testing was counterbalanced between subjects. 

difference threshold. Prior to the start of the scaling task (subject 

at rest), 3 stimuli were presented to the subject - one low intensity, 

one high intensity and finally the mid-range value. The subject was 

asked to assign any number which seemed appropriate to the last 

stimulus (the mid-range value). The subjects were then instructed 

to indicate the intensity of the subsequent stimuli, given at 

unpredictable intervals, by assigning numbers to them, propor- 

tional to their subjective impression. 

Results 

F i g u r e  2 a n d  T a b l e  1 s h o w  t h e  r e s u l t s  o b t a i n e d  f r o m  

e i g h t  s u b j e c t s  in  t h e  d e t e c t i o n  t a s k  ( f i r s t  s e r i e s ) .  T h e  

a v e r a g e  s t i m u l u s - r e s p o n s e  c u r v e s  d u r i n g  m o v e m e n t  

a n d  in  t h e  a b s e n c e  o f  m o v e m e n t  a r e  s h o w n  fo r  e a c h  

o f  t h e  t h r e e  c o n d i t i o n s .  I n s p e c t i o n  o f  t h e  g r a p h s  
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Table 1. Summary of the data (n = 8 subjects) 

Detection task Discrimination task Scaling task 
Ipsi Ipsi Contra Ipsi Ipsi Contra Ipsi Ipsi Contra 
active pass ive  active active passive active active pass ive  active 

No-movement 34.5 32.5 21.0 22.5 23.0 22.5 545 490 510 
Movement 19.5"* 24.0* 23.5 23.0 23.0 22.0 513 499 496 

Detection task. Median number of stimuli detected (54 stimuli delivered during, respectively, the movement and no-movement conditions). 
Discrimination task. Median number of stimuli called different (54 pairs of stimuli delivered during, respectively, the movement and no- 
movement conditions: 48 of the pairs were different). Scaling task. Median summed score (normalized) is reported (maximum 900 for each 
of the movement and no-movement conditions). "Movement" and "No-movement" performance is compared for each condition 
(Wilcoxon matched-pairs, signed-ranks test) and the significance of any difference is shown. * P < 0.025; ** P < 0.005 

indicates that movement  of the ipsilateral arm, active 

and passive, elevated the detection threshold (50% 

detection level). The group thresholds, measured 

from the curves shown in Fig. 2, were 2.3 and 1.6 

times greater during, respectively, active and passive 

ipsilateral movement.  Neither during the movement  

nor the no-movement  conditions did the subjects 

report stimuli when they were not given (false 

alarms). The results of separate, paired comparisons 

of the number of stimuli detected at the individual 

stimulus intensities during the movement  and no- 

movement conditions (Wilcoxon matched-pairs, 

signed-ranks test) are also shown in Fig. 2. Signifi- 

cantly fewer stimuli were detected at 8 of 9 intensities 

tested during active movement  as compared to only 4 

of 9 intensities during passive movement .  Thus, 

active movement appeared to have a slightly greater 

than did passive movement  of the stimulated effect 

arm. 

In 

there 

jects' 

ment 

contrast to movement  of the ipsilateral arm, 

was no obvious difference between the sub- 

performance during contralateral arm move- 

and during the corresponding no-movement  

trials. Inspection of Fig. 2 (bottom) shows that the 

two curves are virtually identical. Statistical compari- 

sons (as above) of the subjects' performance during 

contralateral movement  and during the corre- 

sponding no-movement  trials failed to show any 

significant changes. However ,  when the number of 

stimuli detected was summed across all intensities of 

stimulation (median values given in Table 1), it was 

noted that the number of stimuli detected during the 

no-movement trials was significantly lower than for 

either of the two other conditions (Wilcoxon, P < 

0.025). The possible importance of this observation 

could not be assessed as the movement  conditions 

were tested in separate sessions (see below) and so 

the range of intensities tested was not necessarily 

comparable. 

In order to compare results obtained on different 

days, it was important to demonstrate that the 

stimulating conditions were similar. We therefore 

compared the absolute threshold values (50% detec- 

tion level) for each subject at rest in the three 

sessions (Friedman two-way analysis of variance by 

ranks). This analysis indicated that no significant 

changes occurred. 

Figure 3 and Table 1 show the results of the same 

8 subjects in the discrimination task. Although the 

intensitiy of the standard varied slightly from session 

to session in individual subjects, there was no signifi- 

cant change in the intensity of the standard stimulus 

employed in the three sessions (Friedman two-way 

analysis of variance). Furthermore,  for all subjects 

the tendency to report  a difference when there was 

none was low and was the same in all conditions (0 

difference in Fig. 3), implying that the subjects were 

performing the task as instructed. Inspection of these 

graphs shows that performance of the discrimination 

task was virtually uninfluenced by any of the three 

movement conditions. The group thresholds (50% 

called different) during movement ,  measured from 

the curves in Fig. 3, did not vary by more than 6% 

from the values during the no-movement  trials and 

none of the indiviual, paired comparisons showed a 

significant change during any of the three movement  

conditions. Thus the results suggest that the ability to 

discriminate between suprathreshold innocuous stim- 

uli is not altered by movement.  The data were also 

examined to see if there might have been some 

systematic differences in the results when the inten- 

sity of the standard was closer to the absolute 

threshold. Some slight indication of an increase in the 

difference threshold was seen during ipsilateral active 

movement in those subjects with the lowest standard 

stimulus (n = 4) but the difference was significant in 

only one subject (Wilcoxon, P < 0.05). No consistent 

changes were seen in the other two movement  

conditions. 

The results of the scaling task (n = 8) are shown 

in Fig. 4 and Table 1. The individual subjective scales 

were normalized in order to pool the data. In this 
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Fig. 3. Discrimination task. Percent of trials in which subjects 
reported that the test stimulus was different from the preceding 
standard stimulus (n = 8) as a function of the intensity of the test 
stimulus (test = standard at intensity 0). Plotted as in Fig. 2 for the 
three conditions (with and without movement) 

task, the intensities tested always included those used 

in the discrimination task in the same session. 

Al though  the tested range varied somewhat  f rom 

session to session, for the individual subjects there  

was no significant change in the intensities tested in 

the three sessions (Fr iedman two-way analysis of  

variance).  Examina t ion  of  Fig. 4 shows that  none  of  

the three m o v e m e n t  condit ions had an effect on  the 

ability of  subjects to est imate the intensity of  the 

stimulation. The  two paired curves, m o v e m e n t  and 

no-movement ,  are virtually identical for each of  the 

conditions tested. The  paired compar i son  of  the 

subject 's  est imates at the 9 levels of  s t imulat ion 
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Fig. 4. Scaling task. The effects of the three movement conditions 
on the apparent intensity of suprathreshold stimuli were evalu- 
ated. The data from 8 subjects are pooled. Plotted as in Fig, 2 

tested showed that  there  were no significant changes.  

Likewise, the total scores (median values repor ted  in 

Table 1) showed no significant change.  Finally the 

data were examined to see if there  were  some 

systematic differences be tween  subjects related to 

the intensities of  s t imulat ion tested (close to or  well 

above the absolute threshold) .  No  trends were  

observed in any of  the three m o v e m e n t  conditions.  

Thus m o v e m e n t  appears  to have no effect on the 

ability of subjects to est imate the subjective intensity 

of  an innocuous electrical shock,  over  the ranges 

tested in this study. 

In  a second series of  experiments ,  the effects of  

the three m o v e m e n t  condit ions on the pe r fo rmance  

of the detect ion task were  evaluated  in the same 
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Fig. 5. Detection task. In a single session (6 subjects), the effects 

of the three movement  conditions on performance of the detection 

task were evaluated. Plotted as in Fig. 2. Significant changes in 

performance at some of the 9 individual intensities of stimulation 

were observed (*** P < 0.005) 

session in order to permit a more direct comparison 

of the results. Two issues were addressed in this 

series of experiments. First, the results from the 

initial series of experiments, which were obtained in 

three separate sessions under similar but not identical 

recording conditions, suggested that active move- 

ment of the stimulated arm produced a more consist- 

ent elevation of the absolute threshold than did 

passive movement. Second, the median number of 

stimuli detected at rest for the contralateral move- 

ment condition was significantly lower than for either 

of the other two movement conditions (Table 1 and 

Table 2. Median number of stimuli detected during the three 

movement conditions (n = 6 subjects) tested in a single session 

Detection task 

Ipsi Ipsi Contra 

active passive active 

No-movement 36.0 33.5 20.5 

Movement 18.0"* 16.0" 20.5 

"Movement" and "No-movement" are compared for each condi- 

tion (Wilcoxon matched-pairs, signed-ranks test) and the signifi- 

cance of any difference is shown. * P < 0.025; ** P < 0.005. A 

total of 54 stimuli were delivered, respectively, during the move- 

ment and the no-movement  trials 

above) but this effect was specific to the detection 

task. There was a significant change in performance 

in the no-movement conditions for the detection task 

(Friedman two-way analysis of variance, P < 0.03) 

but not for either the discrimination or the scaling 

tasks. 

The results of this second series of experiments, 

shown in Fig. 5 and Table 2, were almost identical to 

those obtained in the first series. Both active and 

passive ipsilateral movement elevated the detection 

threshold, with active movement again elevating the 

detection threshold more than passive movement. 

For example, the results of the paired comparison 

(Fig. 5), now using exactly the same intensity of 

stimulation for all conditions, showed that signifi- 

cantly fewer stimuli were detected at more of the 

intensities of stimulation tested during active move- 

ment, 6, than during passive movement, 4. Further- 

more, while there was a significant decrease in the 

total number of stimuli detected with both active and 

passive movement of the stimulated arm, the level of 

significance was greater for active (P < 0.005) than 

for passive movement (P < 0.025). Similar results 

were observed in the first series of experiments 

(Table 1). 

As regards the contralateral movement condi- 

tion, there was once again no effect when comparing 

the performance during movement with that at rest 

(Fig. 5, bottom and Table 2). But, as in the original 

task, the number of stimuli detected by the subjects 

at rest was again significantly lower than for either of 

the two other movement conditions (Wilcoxon, P < 

0.025) using exactly the same intensity of stimulation. 

In contrast, during movement in this and in the first 

series of experiments, there was no difference in the 

number of stimuli detected in the three conditions 

(Friedman two-way analysis of variance by ranks), 

i.e. the detection threshold was elevated as much 

during contralateral testing, both at rest and during 

movement, as during ipsilateral movement. 
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Discussion 

The results of these experiments show that the 

perception of suprathreshold stimuli is not altered 

during movement and thus support the second of our 

two hypotheses, the masking hypothesis (Fig. 1B). 

The validity of our method of testing (a method of 

constant stimuli, Woodworth and Schlosberg 1954) 

was ensured by showing that, using the same method, 

the detection of weak electrical shocks was 

diminished during movement of the stimulated arm, 

confirming the results of previous investigators 

(Coquery et al. 1971; Garland and Angel 1974; 

Dyhre-Poulson 1978; Angel and Malenka 1982). One 

could argue that the failure to observe a change in the 

discrimination task was a function of the method of 

testing: only in this task was the test stimulus 

preceded by a comparison stimulus which may have 

served as a warning cue. The fallacy in this argument 

is, however, that the subject had to make a compari- 

son between the stimuli, i.e. both stimuli had to be 

attended to and perceived. While it is difficult to 

completely exclude the possibility that the increase in 

the detection threshold is attributable to a shift in the 

subjects' response criteria during movement, the 

failure to observe the same effect during movement 

of the contralateral, nonstimulated arm would argue 

against such an interpretation of the results. Two 

observations indicate that the elevation of detection 

thresholds during ipsilateral movement is a specific 

effect rather than a nonspecific decrease of sensory 

perception during movement. First, contralateral 

movement had no additional effect upon the detec- 

tion threshold and second, ipsilateral active move- 

ment had slightly greater effects than ipsilateral 

passive movement. 

The observation that the subjective intensity of 

the stimulus was also unchanged was taken to suggest 

that the stimulus-response function was the same 

during both the movement and the no-movement 

trials. Although there was considerable variation in 

the values tested for the scaling task in different 

subjects, the range of intensities used always encom- 

passed those used in the discrimination task and 

these were largely restricted to stimulus intensities of 

2 through 5 arbitrary units (Fig. 4). Thus over this 

part of the stimulus-response function there was (i) 

no change in slope and (ii) no change in subjective 

intensity, i.e. the two curves, movement and no- 

movement, were identical. We did not determine the 

extent of the masking effect but it was evidently 

restricted to the very lowest intensities of stimula- 

tion, lower than those used for the scaling task. 

With respect to the masking hypothesis, the 

absence of any effect in the discrimination task is 

taken as evidence that the slope of the stimulus- 

response function is unchanged by movement, at 

least over the range of values tested. According to 

this hypothesis, however, one would have predicted 

that the discrimination threshold would be increased 

at the low end of the scale. There was some 

indication of this during ipsilateral active movement 

but the difference was significant in only one subject. 

Indeed, the importance of the latter observation is 

questionable as there was no such change associated 

with passive movement, as would have been 

expected from the results of the detection task. 

Clearly further experiments are required to deter- 

mine the range over which the stimulus-response 

curve is nonlinear. 

It has been reported that cortical somatosensory 

evoked potentials are decreased in amplitude during 

movement (Giblin 1964; Coquery et al. 1972; 

Coquery and Vitton 1972; Hazemann et al. 1975; 

Papakostopoulos et al. 1975; Rushton et al. 1981; 

Chapman et al. 1984; Start and Cohen 1985). One 

might speculate that if subjective intensity is deter- 

mined on the basis of the central neural code then, 

when neural discharge is diminished, there would be 

a parallel decrease in the subjective intensity of the 

stimulus. How can we reconcile these observations 

with our data which show that subjective intensity is 

not reduced? Two comments can be made. First, in 

the majority of the evoked potentials studies, the test 

stimulus had no significance for the subject, i.e. the 

subject was not actively discriminating the stimulus. 

In the one study in which the effects of movement on 

cortical somatosensory evoked potentials were inves- 

tigated during the performance of a detection task, 

Coquery et al. (1972) only showed that a late 

component of the cortical evoked potential (their 

wave 3) was diminished in amplitude during move- 

ment. The significance of this observation is unclear 

because the source of these late waves is unknown 

(Rushton et al. 1981). One can speculate that in a 

situation in which the stimulus is actively discrimi- 

nated there might be some recalibration of the 

perceptual processes to take into account the state of 

the animal. Evidence that such mechanisms exist is 

obtained from studies of the .effects of attention on 

perception and on neuronal responsiveness to 

peripheral stimuli. Thus, it is known that attention to 

a somatosensory stimulus improves its detectability 

(Bushnell et al. 1985) and that attention can modify 

the responses of parietal cortical neurones to somatic 

stimuli, even within the primary somatosensory cor- 

tex (Hyv~rinen et al. 1980; Nelson 1984). Secondly, it 

is not clear if any relationship between the amplitude 

of cortical evoked potentials and the perceived 

magnitude of a stimulus exists. Drowsiness is accom- 
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panied by a large increase in the amplitude of the 

somatosensory cortical evoked potentials but, para- 

doxically, a reduced response of parietal association 

neurones to somatic stimuli (Mountcastle et al. 

1975), as well as reduced attentiveness to somatic 

stimuli. In order to resolve this problem, further 

experiments should test the effects of movement  

upon central responses to somatic stimuli while the 

subject is actively discriminating the stimulus. 

The origin of the masking effect remains obscure. 

The present results do, however,  support the propos- 

al that both central and peripheral factors contribute 

to the elevation of detection thresholds during move- 

ment. Peripheral factors were certainly important 

since passive movements were effective in raising the 

detection threshold in this study. We cannot entirely 

exclude the possibility that minimal dislocations of 

the surface electrodes may have contributed to the 

observed effect, but every effort was made to dimin- 

ish any shearing forces about the elbow by modifying 

the point of support of the arm on the stimulated side 

(Methods). We therefore  conclude that peripheral 

feedback from the moving limb may have acted to 

diminish transmission from the periphery to higher 

centres. These results are difficult to reconcile with 

those of Ghez and Pisa (1972) and Coulter (1974), 

who found that lemniscal potentials elicited by stimu- 

lation Of a cutaneous nerve in the cat were unchanged 

by vigorous passive movements.  They noted, how- 

ever, that tactile stimulation did reduce lemniscal 

evoked potentials. The differences between the pre- 

sent results and the animal studies might, therefore,  

be reconciled if our passive movements elicited 

considerably discharge in cutaneous afferents. 

Indeed, it has been shown that during movement  of 

the digits in man, there is considerable movement-  

related discharge in cutaneous mechanoreceptor  

afferents (Hulliger et al. 1979). Elbow movements 

stretch the skin overlying the moving joint and 

probably excite cutaneous afferents. 

Central factors probably contribute to the mask- 

ing effect because active movement  more consis- 

tently increased detection thresholds than did passive 

movement.  This interpretation is supported by obser- 

vations that evoked responses in the lemniscal system 

are reduced prior to the onset of movement ,  i.e. at a 

time before any afferent feedback is generated (Ghez 

and Lenzi 1971; Ghez and Pisa 1972; Coquery and 

Vitton 1972; Coulter 1974; Dyhre-Poulson 1978; 

Chapman et al. 1984; Starr and Cohen 1985). Indeed, 

Coquery (1978) has shown that detection of electrical 

stimuli applied to the fingertip may be diminished 

prior to the onset of voluntary flexion of the fingers. 

The effects of the contralateral movement  condi- 

tion on detection thresholds were more puzzling. 

Previous studies have reported contradictory results. 

Dyhre-Poulson (1978) found that contralateral move- 

ment diminished the ability to detect weak stimuli 

while Coquery et al. (1972) and Garland and Angel 

(1974) found that there was no effect. In the present 

study, we observed that the detection threshold rose 

when the subject knew that movements of the 

contralateral arm were required in the next block of 

trials. However,  there was no further change during 

contralateral movement  (Tables 1 and 2). This modu- 

lation was only observed for the detection task. Since 

the control trials for the three movement  conditions 

were performed under identical conditions, the 

increase in the absolute threshold during the no- 

movement trials for the contralateral movement 

condition can probably be attributed to an atten- 

tional effect. The subjects' attention was almost 

certainly diverted to the contralateral arm during the 

associated movement  trials. This suggests that atten- 

tion may be a more critical factor for absolute 

threshold determination than for either difference 

thresholds or magnitude estimation. 

Since some of the modulation is likely to arise 

from central sources, a good candidate would be the 

Sensorimotor cortex. This sffucture exerts control 

over sensory transmission at different levels of the 

lemniscal system and, moreover ,  the controls may 

vary with the modality of the input (Tsumoto et al. 

1975). In the present study, the electrical stimulation 

undoubtedly activated, nonspecifically, afferents 

from a number of different cutaneous receptor types 

(presumably only A beta afferents as the sensation 

was never painful). It would be interesting to deter- 

mine the effects of movement  on the perception of 

different somatosensory submodalities in future 

experiments. 
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