
Spinal Cord (1996) 34, 294-296 
© 1996 International Medical SOCiety of Paraplegia All rights reserved 1362-4393/96 $12.00 

Incidence of periodic leg movements and of the restless legs syndrome 
during sleep following acute physical activity in spinal cord injury 
subjects 
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The purpose of the present study was to evaluate sleep patterns and complaints, and Periodic 
Limb Movement (PLM) and the Restless Legs Syndrome (RLS) in subjects with complete 
spinal cord injury. Volunteers were submitted to two polysomnograms (Oxford Medilog SAC 
system - EEG, EMG, EOC): (1) basal night, when the volunteer arrived at the Sleep Center, 
and (2) after a maximal physical test (Cybex Met 300/increase of 12,5 watts/2 min until 
exhaustion). Eleven volunteers with complete spinal cord injury between T7-T12 were 
evaluated. Data were analyzed by the paired Student's t test (total sleeping time) and by the 
Wilcoxon matched paired test (change of sleep stages, number of awakenings during sleep, 
latency to REM sleep and leg movements - PLM + RLS). Comparison of sleep recordings 
from the night before with that from the night after (12 h) practice of physical activity, 
showed a significant reduction in all of the sleep parameters. The results indicate that physical 
activity improves the sleep patterns of spinal cord injured volunteers. In particular, we noticed 
that PLM and RLS after physical activity were inhibited during sleep. 
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Introduction 

Sleep patterns have been studied in several types of 
populations. Recently, three studies were published in 
which sleep pattern, complaints, and the incidence of 
Periodic Leg Movements (PLM), the Restless Legs 
Syndrome (RLS) and of myoclonus were evaluated in 
subjects with spinal cord injury. 1 - 3 

The Restless Legs Syndrome (RLS) is characterized 
by disagreeable leg sensations usually prior to sleep 
onset, that causes an almost irresistible urge to move 
the legs.4 Periodic Leg Movements (PLM) were first 
described by Lugaresi et al5 and are characterized by 
periodic episodes of repetitive and highly stereotyped 
limb movements that occur during sleep. Some factors 
which might influence the appearance, decrease of 
symptoms and the frequency of PLM or RLS, are 
fatigue, intake of cafeinated beverages and exposure to 
cold.6 

Comparison of the effects of physical activity on the 
incidence of PLM, RLS and of myoclonus during 
sleep in subjects with spinal cord injury, who were or 
not athletes has been evaluated? A questionnaire7 was 
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applied for spinal cord injured volunteers in Minas 
Gerais (Brazil), revealing that athletes present reduc
tion of PLM, RLS and of myoclonus.2 

Decreased H reflex induced by light and high 
intensity physical activity, and reduction of muscle 
tension due to aerobic activity were reported. 8- 10 This 
effect may result from the action of endorphins and 
catecholamines at the brain and spinal cord levels.9,10 
The therapeutic effects of opiates on PLM and RLS, 
suggest that release of endorphins, following physical 
activity, could be involved in the mechanism of 
decreased PLM, RLS and myoclonus.4 

The aim of the present study was to evaluate (by 
polysomnography) the incidence of PLM and RLS 
during sleep in a sample of subjects with complete 
spinal cord section (T7 to TI2). Polysomnograms were 
recorded 16 h before and 12 h after an increasing load 
until maximum effort was reached. 

Methods 

Volunteers were contacted through handicapped 
associations, and selected after a clinical evaluation. 
Selected volunteers should present stable clinical 
features, with complete spinal cord injury between T7 
and TI2, with a lesion of the superior motoneuron, 
and to participate in regular programs of instructed 



physical actIvIty (at least twice/week). The volunteers 
were maintained in the Sleep Laboratory of the 
Clinical Psychobiology Center at Universidade Feder
al de Sao Paulo. 

Eleven volunteers slept for, at least, 3 consecutive 
nights in the Laboratory. Polysomnographic record
ings were carried out on the 2nd and 3rd nights. The 
1st night was included for acclimatisation purposes. 
Recordings were carried out according to the 
standards for sleeping staging of Rechtschaffen & 
Kales, II and electroencephalographic (EEG) recording 
was obtained according to the international system 
10 -20.12 Polysomnographic recordings (Oxford Sys
tem/8 channels) were obtained with 2 EEG recordings, 
four electromyographic (EMG) recordings (two of 
lower limbs-EMGleg; 1 upper limb-EMGarm; I 
submandibular-EMGchin) and 2 oculograms (EOG). 
Upper limb EMG was included for comparison of 
muscle activity with lower limbs (deafferented). The 
schedule of activities during the 4 days the volunteers 
remained in the laboratory was: Day 1: laboratory 
examinations; application of a questionnaire to 
determine the volunteers' social class,13 neurological 
evaluations (clinical and CT scan), and polysomno
graphic recording (adaptation night). Day 2: Poly
somnographic recording (1st recording night). Day 3: 
Physiological evaluation (cardiac evaluation and a test 
of incremental maximum effort, Cybex Met 300, with 
increments of 12.5 w every 2 min until exhaustion); 
polysomnographic evaluation (2nd recording night). 
Day 4: Volunteers' check out. After a volunteer 
checked out there was no need for his return to the 
laboratory. 

Data on total sleeping time were analyzed by the 
paired Student t test, whereas the number of changes 
of stage, total time in REM sleep, number of 
awakenings, and leg movements (PLM + RLS) were 
analyzed by the Wilcoxon matched paired test. The 
level of significance was set at P<0.05. 

Results 

All volunteers were male athletes, with a mean age of 
28 ± 4.89 years. From these, 42.8 % belonged to the 
upper middle class, 50% belonr:ed to the middle class, 
and 7.15%, to the lower class. 3 

Comparison between basal night (before physical 
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activity) and 12 h following the test of maximum effort 
revealed statistical differences in all of the parameters 
evaluated. Physical activity resulted in a reduction of 
all measurements (Table 1). 

Discussion 

Spontaneous report of sleep complaints within a 
specific population of spinal cord injured subjects is 
commonly observed? Some of these complaints seem 
to be lessened by orientated programs of physical 
activity, which result in the subject's social reintegra
tion ending a process of ostracism and sedentarism.14 

The present study, using direct parameters of 
evaluation (computerized polysomnography), demon
strated a significant reduction of the mean total 
sleeping time (9.57%), in the number of changes of 
stage (15.56%), in the number of awakenings (31.05%) 
and in total time in REM sleep (28.9%), indicating a 
change of sleep pattern of these subjects following 
physical activity. Other authors reported increased 
sleep contentment when interruption of sleep is 
followed by physical activity.15 

A decrease of leg movements (PLM and RLS, 
69.7%) was also observed following physical activity. 
These data demonstrate that this type of manipulation 
can modulate or change the incidence of leg move
ments during sleep. Endorphins are released after 
physical activity,I6 causing a reduction of leg move
ments.17 

The occurrence of PLM and RLS in patients 
subjected to general epidural anesthesia 18 as well as 
the presence of a positive Babinski sign during non
REM sleepl9-21 has been reported. The Babinski 
reflex is a neurological test of spinal release. All 
patients with total spinal transection have a Babinski 
sign present. Thus, there may be a relationship 
between leg movements observed in the studies by 
Takanori et all De Mello et aP and Dickel et aP and 
PLM and RLS. These leg movements may result from 
dopamine deficiency in the central nervous system, 
since their treatment involves the administration of 
dopaminergic and opioidergic agonists, similar to the 
treatment for Parkinson's disease?2,23 However, in this 
specific population, a peripheral dopamine influence is 
unlikely to occur, due to the spinal cord trauma. 
Release of endorphins after physical activity, may 

Table 1 Polysomnographic parameters in spinal cord injured subjects in a basal situation (lst recording night) or 12 h after 
physical activity (2nd recording night) 

Mean total sleep time (min) 
No. changes of sleep stage 
Mean total time in REM (min) 
No. of awakenings 
No. of leg movements (PLM + RLS) 

1st recording night basal 

417.4±31.1 
93.4±22.8 

121.3 ± 59.6 
43.4± 13.8 
33.0± 54.1 

2nd recording night after 
physical activity 

399.1±30.8 
78.9± 14.9 
86.2± 51.0 
29.9 ± 13.0 
1O.0± 12.3 

Level of significance 
P value 

<0.04 
<0.03 
<0.01 
<0.03 
<0.03 
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thus, cause a reduction of leg movements. Recently, 16 

an increase of plasma IX-endorphin, normalization of 
cortisol levels and a reduction of depressive symptoms 
in spinal cord injured subjects submitted to a program 
of physical activity with use of functional electrical 
stimulation of their paralysed lower limbs was 
demonstrated. 

In conclusion, the practice of physical activity by 
spinal cord injured subjects can help to minimize sleep 
complaints, in particular those related to leg move
ments. 
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