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Summary. The effect of  dynamic cycle ergometer exer- 
cise and isometric leg exercise on skin sensitivity was 
studied in man. Exercise was performed at different 
loads. Cutaneous sensitivity to innocuous and noxious 
thermal stimuli was tested using a contact thermostimu- 
lator and sensitivity to tactile stimuli was tested using 
electrical stimuli. During isometric exercise a segmental 
(the exercising limb), but not a multisegmental, phasic 
decrease of  cutaneous thermal sensitivity to innocuous 
stimuli was found. At the isometric forces used the ef- 
fect on tactile and heat pain sensitivity was not signifi- 
cant. During dynamic exercise a multisegmental, load- 
dependent  decrease of  sensitivity in all tested sensory 
modalities was found and this attenuation disappeared 
gradually after the end of  exercise. In contrast to isom- 
etric exercise, the decrease of  sensitivity produced by 
dynamic exercise was most evident in tactile sensitivity. 
The size of  the stimulus area (7.9 vs 11.8 cm 2) did not 
have a significant effect on the magnitude of  the exer- 
cise-induced decrease of  cutaneous thermal sensitivity 
to innocuous stimuli. It was concluded that underlying 
the modulat ion of  skin sensitivity by dynamic and 
isometric exercise were mechanisms that were different, 
at least to a small extent. Isometric exercise produced a 
segmental modulat ion of  skin sensitivity due to central 
neuronal  mechanisms, independent  of  exercise-induced 
stress. Exercise-induced stress could have caused the 
modulat ion of  skin sensitivity by dynamic exercise. 
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system 

Introduction 

Dynamic exercise at high exercise intensities (e.g. run- 
ning or cycling) has been shown to produce a load-de- 
pendent  multisegmental modulation of  somatosensory 
sensitivity the effect of  which disappears gradually 
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after the end of  the exercise (Janal et al. 1984; Kemp- 
painen et al. 1985; Kemppainen et al. 1986; Kemp- 
painen et al. 1990; Olausson et al. 1986; Pertovaara et 
al. 1984). Movement  of  the limb or finger unloaded is 
known to modulate skin sensitivity of  the moving re- 
gion without long-lasting aftereffects (e.g. Rushton et 
al. 1981). Isometric muscle work can also phasically 
modulate skin sensitivity of  the exercising limb (Feine 
et al. 1990). These findings raise the question as to 
whether the exercise-induced effects on somatic sensi- 
tivity depend on the type of  motor activity; i.e. whether 
under  different exercise conditions the modulat ion is 
segmental or multisegmental and phasic or  tonic. The 
possibility has not yet been excluded, with the excep- 
tion of  limited forces (Rushton et al. 1981), that with 
increasing force the sensory modulat ion produced by 
isometric force becomes multisegmental and tonic. 
Also, it is not known whether the exercise-induced ef- 
fects differ depending on the somatic submodality. 

Since it is difficult to compare results obtained using 
different methods, we wished to determine under  the 
same experimental conditions whether the modulat ion 
of  skin sensitivity produced by isometric exercise dif- 
fers from that produced by dynamic exercise in respect 
to load-dependence,  spread of  effect, somatosensory 
submodality, and temporal parameters. It was expected 
that any similarities or differences found in the effects 
would reflect similarities or differences in the underly- 
ing modulatory mechanisms. 

Methods 

Subjects. The total number of human volunteers tested in the psy- 
chophysical experiments of this study was 11 (all males, age range 
25-42 years). The subjects were healthy university graduates from 
whom informed consent was obtained before the experiments. 
Two of the subjects participated in every experiment. 

Isometric exercise. Two different levels of isometric exercise (30% 
and 70% of the maximal force) were produced by pressing the 
right foot against a static load. The subject was in a sitting posi- 
tion and his ankle and knee joint were at an angle of 90 ° . The foot 
was fixed to a special device by which the load was produced and 
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Fig. 1A. An example of a psychometric function curve relating the 
number of tactile sensations (hits) to the amplitude of the tactile 
stimulus under control conditions L in 1 subject. Each point was 
derived from five stimulus deliveries of the electrotactile test stim- 
ulus. Detection threshold was taken as the test stimulus amplitude 
at which 50% hit level (broken line) was reached. The detection 
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threshold (th) is also given in mA in the lower right corner of  the 
graph. B. Average standardized detection thresholds for 6 sub- 
jects at different isometric work loads. The control threshold 
(100%) was derived from psychometric function curves without a 
work load. Vertical lines represent SEM 

the isometric force was measured by strain gauges. At the begin- 
ning of each experiment the maximal force of the right foot was 
measured. The calibration of the device was checked by weights. 

Dynamic exercise. A cycle ergometer (Tunturi, Turku, Finland) 
was used to produce different intensities (100, 150, 200, 250 W) 
exercise. The subjects pedalled in a sitting position with a pedal 
frequency of 50 rpm. The exercise intensity was increased step- 
wise without rest between the different levels. The maximal aero- 
bic power of  each subject was determined from linearized exercise 
intensity-heal:t rate response curves and adjustments for age were 
made according to Walthuis et al. (1971). 

Tactile thresholds. Tactile threshold was determined by applying 
single electrical pulses (duration, 0.5 ms) from a constant current 
unit to the skin via two closely spaced Pb-Zn electrodes of 8-mm 
diameter. The skin was cleaned with alcohol and smeared with 
electrode paste. The subjects were instructed to say "yes" if they 
detected the test stimulus. A light was triggered to flash simulta- 
neously with the test pulse and the subjects were requested to 
make their decision immediately following the light flash. The re- 
petition rate of the stimuli was 0,2 Hz. The test stimulation was 
delivered at six different amplitudes in a random order. Psychom- 
etric function curves were constructed by plotting the number of 
"yes" responses from five stimulus deliveries at each amplitude of 
the stimulation. The stimulus amplitude at which the subject gave 
"yes" responses to 50% of the stimulus deliveries was arbitrarily 
defined as the threshold (Fig. 1A). 

Cutaneous sensitivity to innocuous thermal stimuli. Cutaneous ther- 
mal sensitivity was tested by a thermostimulator composed of  Pel- 
tier elements with a stimulation surface of 11.8 or 7.9 cm 2 (Fruh- 
storfer et al. 1976). A thermocouple was attached to the stimulat- 
ing surface to record the stimulus temperature during the test. The 
stimulator could be either warmed or cooled depending on the 
direction of the current applied. The rate of temperature change 
was 2.2 ° C. s -  ~. The calibration of the thermocouple was done be- 
fore and after each session in water baths, the temperature of 
which was measured by a conventional mercury thermometer. 
The task of the subject was to respond by pressing a button imme- 
diately when the thermal stimulus produced a sensation which 
could be described as warm (ascending temperatures) or cool (de- 
scending temperatures). By pressing the button the subject also 
changed the direction of  the temperature change. The thermal li- 
men (thermoneutral zone) was determined by calculating the dif- 
ference between the warm and cool thresholds. On each subject, 
the determination of thermal limen consisted of six single measur- 
ements of warm and cool thresholds. Previously, it has been 
shown that with an increase of skin temperature, both warm and 

cool thresholds are obtained at a higher stimulus temperature, 
whereas with a decrease of skin temperature, both warm and cool 
thresholds are obtained at a lower stimulus temperature (Kojo 
and Pertovaara 1987 ; Rozsa et al. 1985). These findings suggested 
that the change of skin temperature influences the thermal limen 
less than the warm and cool thresholds. This led us to use the 
thermal limen as a parameter of cutaneous thermal sensitivity in 
the current experiment. 

Heat pain thresholds. Heat pain thresholds were determined with 
the same thermostimulator as described above. The task of the 
subject was to respond immediately by pressing a lever when the 
ascending thermal stimulus produced a sensation which could be 
described as heat pain. Individual heat pain thresholds consisted 
of six single measurements which were made at 2-min intervals on 
three closely spaced skin areas. Since the measurements were 
made in an identical way under the different control (pre and 
postexercise) and test conditions, a possible sensitization of cuta- 
neous receptors as a cause of threshold changes was excluded. 
The critical temperature needed to produce a heat pain sensation 
is only minimally, if at all, influenced by a change in skin or body 
temperature (Croze et al, 1977; Kojo and Pertovaara 1987). 

Experimental procedure 

Sensory threshold determinations during isometric exercise. The 
subject dorsifiexed his right foot at the required force (30% or 70% 
of his maximal force) for about 2 min during which time the sen- 
sory measurements were made. Control thresholds were measured 
before and about 2 rain after each exercise period (see Fig. 2A). 
The interval between each exercise period was 5 min. 

Tactile thresholds were determined from the ipsilateral leg (ex- 
ercising leg). Thermal limens were tested in three different skin 
areas: ipsilateral leg, contralateral leg and forearm. Heat pain 
thresholds were measured in the ipsilateral leg only. During both 
thermal limen and heat pain threshold determinations the stimu- 
lus area was 11.8 cm 2 and the adaptation skin temperature was 
recorded continuously by a thermo-electrode (Thermometer Olli 
535, Kone Inc., Helsinki, Finland) which was located about 5 cm 
from the thermostimulator. The order of testing the different skin 
regions and work forces was counterbalanced among all the sub- 
jects tested. Only one sensory modality was tested each day. 

Sensory threshold determinations during dynamic exercise. The 
subjects pedalled 6-8 min at each level of exercise intensity (100, 
150, 200, 250 W). Heart rates and sensory thresholds were mea- 
sured before exercise, at each exercise intensity and 30 min after 
the end of exercise. 
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Fig. 2A. The standardized thermal limen (neutral zone between 
the warm and cool thresholds) of 1 subject at different isometric 
work loads. First pre-exercise control, 100%. B, C and D. The 
average standardized thermal limens for 6 subjects determined in 
three skin areas at different isometric work loads. The ipsilat, leg 

is the exercising leg. E. The average standardized heat pain 
threshold in the ipsilateral (exercising) leg for 6 subjects at differ- 
ent isometric work loads. Vertical lines represent SEM. * indicates 
a significant difference (P<0.05) from the pre-exercise control 
(100%) 

Tactile thresholds were determined from the forearm and the 
stimulated skin area was kept free from sweat during the session 
by frequent drying. In addition, the resistance between the stimu- 
lus electrodes was recorded repeatedly throughout the session. 
Only results obtained with the same constant resistance have been 
included in this study. During tactile threshold determination the 
250-W exercise intensity was not used and tactile thresholds were 
determined twice (15 and 30 rain) after the end of exercise. Ther- 
mal limens were determined in the forearm with two stimulus ar- 
eas of the contact thermostimulator (11.8 and 7.9 cm2). The order 
of testing different stimulus areas was counterbalanced among all 
the subjects tested. The adaptation skin temperature and the room 
temperature were monitored during both thermal limen and heat 
pain determinations. Only one sensory modality was tested each 
day during the dynamic exercise experiments. 

Statistical analysis. In each condition somatosensory thresholds 
(including every measurement), heart rates, adaptation skin tem- 
perature adjacent to the thermostimulator and room temperatures 
were calculated for all subjects. One-way analyses of variance 
(ANOVA) and Willcoxon's matched-pairs, signed-ranks tests were 
used in statistical comparisons. A value of P<0.05 was consid- 
ered to indicate a significant difference. Unless specified, the sig- 
nificance values in the results are from the Willcoxon's test. 

Results  

Effect o f  isometric exercise 

Tactile thresholds. In  genera l ,  ne i the r  o f  the  i somet r i c  
forces  used  (30% or  70% o f  the  m a x i m a l  force)  h a d  any  
m a r k e d  effect  on  tac t i le  t h r e sho lds  d e t e r m i n e d  f rom the  
ips i l a t e ra l  leg (Fig.  1B). On ly  2 subjec t s  h a d  a tac t i le  
t h r e s h o l d  e leva t ion  which  was more  t han  10% at the  
h ighe r  force.  In  1 sub jec t  i some t r i c  exerc i se  i n d u c e d  a 
dec rea se  in tac t i le  th resho lds .  The  ave rage  tac t i le  
t h r e s h o l d  for  6 subjec ts  was 1.33 m A  in con t ro l  cond i -  
t ions ,  a n d  1.37 m A  and  1.41 m A  du r ing  the  i some t r i c  
forces  o f  30% a n d  70% o f  the  m a x i m a l  force,  respec t ive-  
ly. These  d i f fe rences  were  no t  s ta t i s t i ca l ly  s igni f icant .  

Cutaneous sensitivity to innocuous thermal stimuli. Fig-  
ure  2 A  shows  the  t he rma l  l imen  o f  1 sub jec t  at  d i f fe ren t  
i some t r i c  forces ;  the  la rger  the  t he rma l  l imen,  the  worse  
the  t h e r m a l  sensi t ivi ty.  The  inc rease  o f  t he rma l  l imen  
was  b a s e d  on  equa l  inc reases  o f  w a r m  a n d  coo l  th resh-  
olds .  F igu re  2 B - D  gives the  average  t h e r m a l  l imens  for  
6 sub jec t s  in d i f fe ren t  e x p e r i m e n t a l  cond i t i ons .  W h e n  
the ip s i l a t e ra l  leg was tes ted  (Fig.  2B) t he rma l  l imens  
h a d  i n c r e a s e d  in 5 subjec ts  and  this inc rease  was l a rge r  
wi th  h ighe r  i somet r i c  forces.  The  average  l imen  in the  
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control condition was 7.3 ° C, SEM 0.7 and it was signif- 
icantly elevated at both 30% and 70% isometric forces 
(P< 0.05). Thermal limens determined from the contra- 
lateral leg (Fig. 2C) and forearm (Fig, 2D) were also 
slightly larger in 3 subjects during isometric exercise. 
However, the average increase in thermal limen in these 
skin areas was nonsignificant. There were no changes 
in the adaptation skin temperatures adjacent to the 
thermostimulator on any of the tested skin areas during 
isometric exercise. 

Heat pain thresholds. Heat pain thresholds were deter- 
mined only in the ipsilateral leg. Neither of the isomet- 
ric forces used (30% or 70% of the maximal force) had 
any effect on heat pain thresholds determined from the 
ipsilateral leg (Fig. 2E). The average heat pain thresh- 
old for 6 subjects was 45.6 ° C, SEM 0.6 in control con- 
ditions, and 45.5 ° C, SEM 0.7 and 45.4 ° C, SEM 0.8 at 
isometric forces of 30% and 70% of the maximal force, 
respectively. The adaptation skin temperature sur- 
rounding the thermostimulator remained constant dur- 
ing heat pain threshold determinations. 

Effect of  dynamic exercise 

2 2 0  

180 

0 
1 4 0  

10o 

0 
'T" 

B 
A 

z~ 2 2 0  
aD 
n 

o 180 ¢- 
¢J 
O 
=- 1 4 0  
e. 

1 0 0  

0 100 

f o r e a r m  

~r 

0 100  

150 200 0 0 

-k 

150 200 0 0 

Tactile thresholds. The maximal aerobic power of the 
subjects varied from 250 to 320 W. The mean was 
275 W. The subjects used on average 36.5%, 54.5%, 
73.3% and 91.3% of their maximal aerobic capacity at 
the exercise intensities of 100 W, 150 W, 200 W and 
250 W, respectively. The exercise intensity of 250 W 
was not used during tactile threshold determination. In 
all subjects the heart rate increased as a function of in- 
creasing exercise intensity (Fig. 3A). The average heart 
rate for the 6 subjects tested was 72 beats, min-1, SEM 
16 before starting exercise, and it was significantly ele- 
vated (P<0.05) at the lowest exercise intensity of 
100 W. Heart rates measured 15 and 30 min after exer- 
cise remained significantly higher than the pre-exercise 
values (P< 0.05). 

All 6 subjects had an elevation of tactile thresholds 
during dynamic exercise varying from 26% to 102%. 
The average pre-exercise tactile threshold was 1.83 mA, 
SEM 0.17. The effect of dynamic exercise on tactile 
thresholds was significant (P< 0.02; ANOVA). Tactile 
thresholds were significantly elevated (P<0.05) at the 
lowest exercise intensity of 100 W (Fig. 3B). Tactile 
thresholds measured 15 and 30 min after exercise re- 
mained significantly higher than the pre-exercise con- 
trol values (P< 0.05). The repeated measures of resist- 
ance between the stimulus electrodes varied from 0.3 to 
0.6 MD among the subjects. Only results obtained with 
similar resistances within a session were included in the 
analysis and the small changes in the resistances within 
the session did not explain the tactile threshold eleva- 
tion for the following reason. In some cases there were 
about 10% increases or decreases in the resistances; but 
in both cases there were significant increases in tactile 
thresholds. 

W o r k  l o a d  (W]  

Fig. 3. The average standardized heart rates [beats,rain-I; (A)] 
and tactile thresholds (B) for 6 subjects at different dynamic work 
loads. 100%, pre-exercise control. The vertical lines represent 
SEM. The * indicates a significant difference (P<0.05) from the 
pre-exercise control 

Cutaneous sensitivity to innocuous thermal stimuli. Fig- 
ure 4A shows the average thermal limens for 6 subjects 
at different dynamic exercise intensities. In five sub- 
jects the thermal limen increased as a function of in- 
creasing exercise intensity and was based on equal in- 
creases in warm and cool thresholds. The effect of dy- 
namic exercise on the thermal limen determined by the 
small or the large stimulus surface was significant 
(P< 0.01 and P< 0.05, respectively; ANOVA). The av- 
erage thermal limen for all 6 subjects was significantly 
elevated (P<0.05) only at the two highest exercise in- 
tensities (200 and 250 W) when compared to pre-exer- 
cise control values. Thermal limens measured 30 min 
after exercise were at the same level as the pre-exercise 
controls. The stimulus area had a significant effect on 
thermal limens (P< 0.05). The average pre-exercise lim- 
ens were 8.6 ° C, SEM 1.3 and 11.3 ° C, SEM 1.4 deter- 
mined for the stimulus areas of 11.8 and 7.9 cm 2, re- 
spectively. This difference in the limens determined 
with two stimulus areas remained at the same signifi- 
cance level (P< 0.05) throughout the session. The exer- 
cise-induced increase of thermal limens was of equal 
magnitude with the larger and smaller stimulus surface 
of the contact thermode. 

Before exercise, the adaptation skin temperature in 
the surrounding forearm was 31.8 ° C, SEM 0.5. In every 
subject after starting the dynamic exercise the adapta- 
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Fig. 4A. The average standardized thermal limens for 
6 subjects at different dynamic work loads. The dot- 
ted bars indicate the results obtained with the smaller 
stimulus surface of the contact thermostimulator 
(7.9 cm 2) and the empty bars those with the larger 
stimulus surface (11.8 cm2). 100%, pre-exercise control 
with the smaller stimulus surface. The vertical lines 
represent SEM. The * indicate a significant differ- 
ence (P< 0.05) from the pre-exercise control within 
each stimulus category. B. The average standardized 
heat pain thresholds for 6 subjects at different work 
loads. The vertical lines represent SEM. The * indi- 
cate a significant difference from the pre-exercise 
control (100%) 

tion skin temperature,  in contrast to thermal limens, de- 
creased slightly, and only after the exercise intensity 
was increased further (200-250 W) did the adaptation 
skin temperature tend to increase, too. The changes in 
skin temperatures were slight ( <  1 ° C) when compared 
with the changes in thermal limens which were as large 
as 9 ° C. The average room temperature before starting 
the exercise was 22.2 ° C, SEM 0.3 and it remained un- 
changed throughout  the sessions. 

H e a t p a i n  thresholds. Figure 4B shows the average heat 
pain thresholds for 6 subjects during dynamic exercise. 
In 5 subjects dynamic exercise induced an increase in 
threshold. The average threshold increased signifi- 
cantly (P<0.05)  only at the highest exercise intensity 
(250 W) when compared with the pre-exercise values. 
Heat pain thresholds measured 30 min after exercise 
were at the same level as the pre-exercise thresholds, 
44.8°C, SEM 0.3 and 44.3°C, SEM 0.4, respectively. 
Before starting exercise, the average adaptation skin 
temperature in the surrounding forearm was 31.8°C, 
SEM 0.1. The average pre-exercise room temperature 
was 21.9 ° C, SEM 0.2. Neither adaptation skin tempera- 
ture nor  the room temperature changed significantly 
during the dynamic exercise. 

Discuss ion 

The present findings indicated that both isometric and 
dynamic exercise can produce an attenuation of  so- 
matic sensitivity but this attenuation differs with re- 
spect to the spread of  the effect, preference for somatic 
submodality and temporal  parameters. 

In the current study isometric leg exercise produced 
a phasic attenuation of  cutaneous thermal sensitivity to 
innocuous stimuli. This attenuation was not multiseg- 
mental but restricted to the exercising limb also at high 
isometric forces. Isometric forces which were sufficient 
to produce an attenuation of  cutaneous thermal sensi- 
tivity to innocuous stimuli did not have a significant ef- 
fect on tactile or heat pain thresholds in this study. This 
finding, however, did not exclude the possibility that at 
still higher isometric forces or under other experimental 
conditions an attenuation of  tactile and heat pain sensi- 
tivity may be seen. In fact, an increased threshold for 
heat pain and tactile stimuli has been reported during 
brief  isometric contractions of  the upper  limb (Feine et 
al. 1990). Also preliminary unpublished experiments in 
our laboratory have indicated that, in contrast to the 
effect of  isometric contractions of  long duration 
( >  1 min in the current study), during brief  isometric 
contractions of  the forearm muscles a threshold eleva- 
tion for electrically evoked tactile stimuli was found in 
the fingers of  the exercising limb. With respect to the 
spread of  modulat ion and temporal  parameters,  the ef- 
fect of  isometric exercise on somatic sensitivity resem- 
bles that of  isotonic limb or unloaded finger movement 
(Angel et al. 1985; Chapman et al. 1987; Coquery 1978; 
Dyhre-Poulsen 1978; Milne et al. 1988). 

In the current study dynamic cycle exercise pro- 
duced an exercise intensity-dependent multisegmental 
attenuation of  especially tactile sensitivity and this atte- 
nuation lasted at least 15-30 rain after the end of  exer- 
cise. Also, cutaneous thermal sensitivity to noxious and 
innocuous stimuli was at tenuated by dynamic exercise 
but the attenuation was not as marked as for tactile sen- 
sitivity. This preferential effect was indicated by the 
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finding that the exercise intensities needed to produce a 
change in cutaneous sensitivity to noxious or innocious 
thermal stimuli were considerably higher than those 
needed to produce a change in tactile sensitivity. The 
tonic multisegmental attenuation of pain sensitivity by 
dynamic exercise at high exercise intensities has also 
been demonstrated in several previous studies in man 
(Janal et al, 1984; Kemppainen et al. 1985; Kemp- 
painen et al. 1986; Kemppainen et al. 1990; Olausson et 
al. 1986; Pertovaara et al. 1984) and rodents (Shyu et al. 
1982). 

In our previous study, the decrease of cutaneous 
thermal sensitivity to innocuous stimuli by cycle exer- 
cise varied, depending on the skin region and being 
largest in skin areas with a small area of cortical repre- 
sentation (Kemppainen et al. 1985). However, in the 
current study the decrease of thermal sensitivity to in- 
nocuous stimuli was not greater when using a smaller 
stimulus area, a finding which does not fit the hypothe- 
sis that the magnitude of modulation depends on the 
size of the cortical representation of the skin area under 
study. On the other hand, the variation in the size of the 
stimulus area was possibly not large enough in this 
study and with respect to the cortical representation of 
cutaneous thermal sensitivity to innocuous stimuli only 
little is known (Hellon and Mitchell 1975). 

Underlying neuronal mechanisms 

Consistent with the psychophysical results, several pre- 
vious investigations have demonstrated attenuated re- 
sponses to somatic stimuli during movement of the 
limb, as revealed by electrophysiological recordings 
made at the dorsal column-medial lemniscus (Coquery 
1978; Dyhre-Poulsen 1978; Ghez and Pisa 1972), thal- 
amic (Chapman et al. 1988) and cortical levels (Chapin 
and Woodward 1981; Chapman et al. 1988; Coquery 
1978; Rushton et al. 1981). Somatic responses have 
been shown to be attenuated during isometric exercise 
also (Jiang et al. 1987; Rushton et al. 1981). Electrophy- 
siological evidence of the modulation of somatically 
evoked responses by high intensity dynamic exercise is 
still scarce. 

At least two types of neuronal mechanism may un- 
derly the modulation of somatic responses by isometric 
and dynamic exercise. Firstly, afferent inhibition could 
be activated, especially during dynamic exercise via af- 
ferent barrage in proprioceptive, cutaneous and muscle 
afferents. There is some indirect evidence which sug- 
gests that afferent inhibition might indeed contribute 
significantly to movement-induced suppression of so- 
matic sensitivity (e.g. passive movement has been 
shown to be enough to produce modulation of skin sen- 
sitivity; Milne et al. 1988). On the other hand, the lack 
of dependence of multisegmental modulation of so- 
matic sensitivity on pedalling rate (Kemppainen et al. 
1985) did not support a major role for afferent inhibi- 
tion in the effect produced by high-intensity dynamic 
cycle exercise. Furthermore, the long-lasting (15- 
30 min) aftereffects produced by high intensity dy- 
namic exercise are difficult to explain by afferent inhi- 

bitory mechanisms as are the effects produced by isom- 
etric exercise. 

The other neuronal mechanism worth consideration 
here is the efferent motor barrage to somatosensory 
structures and its modulatory influences on somatic re- 
sponsivity. Anatomical and electrophysiological studies 
have demonstrated efferent connections from cortical 
and subcortical motor areas to the somatosensory cor- 
tex and to subcortical somatic relay nuclei including 
the spinal dorsal horn (e.g. Gray and Dostrovsky 1984; 
Shin and Chapin 1989). Efferent motor barrage to so- 
matic structures might well explain the suppression of 
skin sensitivity found briefly prior to active movement 
of the limb (Coquery 1978; Dyhre-Poulsen 1978) and 
during isometric exercise, and contribute to the sup- 
pression found during active movement and dynamic 
exercise. However, the long-lasting after effects ob- 
viously cannot be explained by efferent barrage from 
motor to somatic areas. 

A change in attention has been shown to modulate 
skin sensitivity (Bushnell et al. 1985) and neuronal re- 
sponses to somatic stimuli (Hayes et al. 1981). In the 
current study, the task of the subject was to focus his 
attention on the test stimulus. Under isometric condi- 
tions threshold changes were obtained only in one of 
the skin regions. Under dynamic conditions there was a 
considerable aftereffect. These findings suggested that 
a change in attention did not explain the present results. 

A change in vigilance is also known to influence 
neuronal responses to somatic stimuli (Casey and Mor- 
row 1985). In the present study, exercise may have pro- 
duced an arousal but since under isometric conditions 
the threshold elevation was found only in one of the 
test regions, a change in arousal cannot explain the 
suppression of somatic sensitivity produced by isomet- 
ric exercise. Lack of any significant modulation of ther- 
mal sensitivity at 100-W dynamic exercise intensity, 
which should be enough to produce changes in vigi- 
lance, does not support the contribution of vigilance- 
dependent modulatory mechanisms to the current 
threshold elevations by dynamic exercise. 

Underlying stress-related mechanisms 

Stress induced mechanisms have been shown to pro- 
duce marked changes in pain sensitivity in animal stud- 
ies (Lewis et al. 1984). High-intensity dynamic exercise 
also activates stress mechanisms in an intensity depend- 
ent way concomitantly with the multisegmental pain 
threshold elevation (Kemppainen et al. 1985). The time 
course of the effect of high intensity dynamic exercise 
on pain thresholds is similar to that on endocrine re- 
sponses with a long-lasting after effect. Accordingly, it 
has been proposed that exercise-induced stress mecha- 
nisms might have a major role in the modulation of so- 
matic, especially pain, sensitivity by dynamic high-in- 
tensity exercise (Janal et al. 1984; Kemppainen et al. 
1985; Pertovaara et al. 1984). Since the effects of isom- 
etric exercise in this and previous studies have been re- 
stricted to the exercising limb and areas immediately 
adjacent to it and the time course has been of short du- 
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ra t ion ,  it  does  no t  seem p r o b a b l e  tha t  e x e r c i s e - i n d u c e d  
stress m e c h a n i s m  con t r i bu t e  s ign i f i can t ly  to the  m o d u -  
l a t ion  o f  soma t i c  sens i t iv i ty  by  i some t r i c  exercise .  Fu r -  
t he rmore ,  g rowth  h o r m o n e - d e p e n d e n t  stress m e c h a -  
n isms have  been  e x c l u d e d  as a cause  o f  exerc i se - in -  
d u c e d  a n a l g e s i a  ( K e m p p a i n e n  et al. 1986). F r o m  na lox -  
one  (an o p i o i d - a n t a g o n i s t )  s tudies  it  seems  tha t  e n d o g e -  
nous  o p i o i d s  can  e x p l a i n  the  a t t e n u a t i o n  o f  e x p e r i m e n -  
tal  i s c h a e m i c  pa in ,  bu t  no t  hea t  p a i n  ( Jana l  et al. 1984) 
or  den ta l  p a i n  ( O l a u s s o n  et al. 1986), by  d y n a m i c  h igh-  
in tens i ty  exercise .  In  a recen t  s tudy,  d e x a m e t h a s o n e  at- 
t e n u a t e d  den t a l  p a i n  t h r e s h o l d  e leva t ions  i n d u c e d  by  
c y c l e - e r g o m e t e r  exerc ise  c o n c o m i t a n t l y  wi th  the  at te-  
nua t i on  o f  e x e r c i s e - i n d u c e d  a d r e n o c o r t i c o t r o p i c  hor -  
m o n e  ( A C T H )  re lease  ( K e m p p a i n e n  et al. 1990); th is  
f ind ing  i n d i c a t e d  tha t  the  c o r t i c o t r o p i n  re leas ing  fac-  
t o r - A C T H / b e t a - e n d o r p h i n  axis  was invo lved  in ana lge -  
sia  i n d u c e d  b y  d y n a m i c  h igh  in tens i ty  exercise.  

Conclusion 

The p r e sen t  resul ts  i n d i c a t e d  tha t  i some t r i c  a n d  dy-  
n a m i c  musc l e  exerc i se  m o d u l a t e d  soma t i c  sens i t iv i ty  b y  
m e c h a n i s m s  tha t  were,  a t  leas t  in par t ,  d i f ferent .  I t  is 
p r o p o s e d  tha t  the  m o d u l a t i o n  o f  soma t i c  sens i t iv i ty  by  
i somet r i c  exerc i se  c o u l d  have  been  due  m a i n l y  to  effer-  
en t  b a r r a g e  f rom m o t o r  to soma t i c  a reas  a n d  tha t  the  
m u l t i s e g m e n t a l  m o d u l a t i o n  o f  sens i t iv i ty  by  h igh  in ten-  
sity d y n a m i c  exerc i se  cou ld  be  due  m a i n l y  to stress-  
i n d u c e d  m e c h a n i s m s .  In  fu ture  p s y c h o p h y s i c a l  s tud ies  
on  this  subjec t ,  a t t en t ion  shou ld  be  p a i d  to the  t ype  o f  
exercise ,  the  in tens i ty ,  the  t ime course  o f  the  effects ,  the  
som a t i c  s u b m o d a l i t y  a n d  the s p r e a d  o f  effects.  
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