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ABSTRACT 
The state of normal sleep is characterized by diminished responsiveness to 

external stimuli and a familiar feeling of delight and refreshment. This 

feeling is accompanied by muscle relaxation and slowing of brain activity. 

Nevertheless, body movements are a feature of normal sleep and when 

those impair sleep quality and consequent daytime function they are 

defined as abnormal. The introduction of polysomnography during which 

muscle activity is monitored by electromyography and videotaping 

enabled sleep researches to precisely assess the characteristics of normal 

and abnormal movements, to determine their appearance is at specific 

sleep stages and to define their severity in regard to sleep quality and 

their impact on daytime function. Indeed, abnormal movements during 

sleep became an essential part of the symptomatology of a number of 

neurodegenerative disorders. Normal and abnormal movement disorder 

related to sleep onset, particular sleep stages and during awakening from 

sleep will be described in some detail. Common and rare forms of sleep 

related movement disorders in children and adults will be reviewed. 

Keywords: Sleep, Restless Legs, Periodic movements, REM, NREM, 

Myoclonus, REM behavior  
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Introduction: 
Since ancient times the state of sleep was associated with 
death since in both conditions the body did not move and 
the brain "was uncurious". Hesiod, a Greek poet 
described in 800 BC the twin brothers; Thánasos (death) 
and Hypnos (sleep). However, motor activity during sleep 
was experienced and referred to as restless nights 
frequently associated with "pains and aches", worries, 
fearful dreams, disease state and aging. 
 

The biblical description "Though I slumber, my heart is 
awake" (Shir HaShirim 5:1), is an ancient note that the 
brain is quite "awake" during sleep. 
 

The concept of body movements during sleep as normal 
and abnormal sleep related phenomena was established 
when body movements were studied as an essential part 
of polysomnography. It became evident that alterations 
in neuronal firing controlling muscle tone at sleep onset 

lead to gradual decrease in muscle tone in muscles 
involved in postural control during Non-Rapid Eye 
Movement (NREM) sleep, reaching a crescendo in the 
form of generalized atonia spearing eye movements 
during Rapid Eye Movements (REM) sleep.  
 
 The average person and / or his bed partner will relate 
movements during sleep to either discomfort causing shifts 
of position, snoring and heavy breathing. Quite often will 
the couple decide to use different bedrooms, thus, when 
those normal movements became abnormal, the diagnosis 
and subsequent treatment may be significantly delayed.  
According to the International Classification of Sleep 
Disorders -3rd (ICSD--3) (Darien1), those disorders are 
shown in table 1.  
 
In the present review the most common disorders will be 
discussed in some detail and a few rare disorders which 
are not included in Table 1 will be described.  

 

Restless legs syndrome Benign sleep myoclonus of infancy 

Periodic limb movement disorder  Sleep related movement disorder due to medical 
disorder  

Propriospinal myoclonus at sleep onset Sleep related movement disorder due to medication 
or substance  

Sleep related leg cramps  Sleep related movement disorder -unspecified  

Sleep related bruxism  *Excessive fragmentary myoclonus  

Sleep related rhythmic movement disorder  *Hypnagogic foot tremor & alternating  
leg muscle activation at sleep start  

Excessive fragmentary myoclonus   

Table 1: Sleep Related Movement disorders according to ICSD-3 (1). *Isolated symptoms or normal variants  
 

Normal body movements during sleep  
The technical advance in sleep recordings starting at 
about 1970, enabled to view and record body position 
and movements during routine polysomnography (PSG). 
Early publications reported that an average of 10 
posture changes and more than 200 smaller movements 
occur during one night sleep (Wilde-Frenz et al2 ). The 
rate of those movements was associated with particular 
sleep stages showing a gradual decrease in their rate in 
the following order; Wake, Sleep stage 1, and sleep 
stage 2, REM and sleep stage 3+4. 
 

Stefani et al., in their seminal study of body movements 
during sleep (BMS) in 100 healthy adults have classified 
those movements into Elementary-small involuntary 
movements or stereotyped movements, and complex- 
showing complexity of action involving numerous muscle 
groups as well as violent movements (Stefani et al3). The 
elementary movements consist of myoclonic (sudden, 
brief, jerky), non-myoclonic (small non-jerky) and 
stereotype (smacking or fumbling). The complex 
movements involve multiple muscle groups (gesturing, 
reaching, grabbing) and also violent movements where 
the sleeper kicks or hits himself as well as talking, crying, 
laughing and cursing. In a quite recent study of 100 
healthy adult volunteers, 6.8 large muscle movements / 
hour sleep, were recorded (6.2 in NREM and 8.4 in REM 
sleep). The number of movements was significantly higher 
in females while the mean duration of a movement event 
- about 12 seconds - was not gender related. There was 
a tendency to increased rate of those movements with 
age (Ibrahim et al.4).  

Published data on BMS in preterm and term normal 
newborns are quite scares. In general, the number of BMS 
decrease with age (Fukumoto et al.5; Prechl et al6; 
Hakamada et al. 7). However, when the rate of 
movements was calculated in relation to specific sleep 
stage, there was not decrease with age ( Erkinjuntti 8). 
 

Disorders of body movements during sleep 
When repetitive movements interfere with sleep it is 
considered as a "disorder". The current classification of 
BMS includes: periodic leg movements, alternating leg 
muscle activation, hypnagogic foot tremor, excessive 
fragmentary myoclonus, bruxism, and REM sleep without 
atonia (Berry et al.9). Additional disorders such as neck 

myoclonus, non-periodic leg movements, sleep-related 
periodic arm movements, sleep-related head jerks, and 
transient sleep related rhythmic movement disorder in 
children are also included. Of quite concern are the 
results of a retrospective longitudinal study by Lin et al. 
showing that sleep- related movement disorders 
increased the risk of all forms of dementia (Lin et al.10 ). 
  
RESTLESS LEGS SYNDROME (RLS)  
Willis was the first to describe in 1692 limb movements 
at sleep onset which impaired sleep. He also pointed out 
to the neurological source of those movements (Allen 11). 
It was Karl-Axel Ekbom, who laid the clinical detailed 
basis of RLS in his seminal paper about 300 years later 
(Ekbom 12). Several publications related to those 
movements prior to 1945 suggested that RLS is 
psychiatric disorder (Allen11). Although treatment with 
opioids was given already by Willis and 3 centuries later 
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by Henning (Hening et al.13), it was Akpinar who should 
be credited for the breakthrough in understanding the 
etiology of RLS and providing useful treatment (Akpinar 
14). Somewhat later this observation was confirmed by 
Montplaisir (Montplaisir et al. 15), and extended also to 
Periodic Limb Movement Disorder (PLMD) by Lugaresi 
(Lugaresi, et al. 16).  
 
The clinical features of RLS are typical and therefore 
easy to diagnose with careful clinical history obtained 
from the patients who will report on a long lasting 
uncontrolled urge to move their legs as soon as they start 
activity from inactive or resting position. This occurs 
mainly in the evenings or at bedtime. The early notion 
that RLS is a psychiatric disorder stems from the fact that 
patients experience and report on feelings of creeping, 
crawling or tingling, which are slightly suppressed by 
moving their legs while in the majority of the patients 
there are no neurological deficits sufficient to explain the 
complaint. The net result of those symptoms is delayed 
sleep onset and shortened total sleep time with preserved 
daytime alertness.  
 
It is customary to divide RLS in to "primary and 
secondary" types. In the primary group no apparent 
cause can be detected. The secondary group includes 
patients with multiples sclerosis, Parkinson disease, iron 
deficiency, pregnancy and renal disease. The prevalence 
of RLS is probably higher than the estimates published 
data due to underdiagnoses of mild cases. Nevertheless, 
in the adult general population of western countries the 
prevalence of RLS ranges between 5.5%-11.6% (Koo 17; 
Didriksen et al. 18). The prevalence of RLS in children and 
adolescents is about 1.9-2 % in the U.S. and U.K. Of 
those, 25-50 % were considered as moderate to severe 
(Sullivan 19). There is a strong association between RLS 
and Attention Deficit Hyperactivity Disorder (ADHD). It 
was recently reported that 11-42.9% of children with 
ADHD had symptoms of RLS (Migueis et al. 20). RLS is a 
common disorder during pregnancy because of hormonal 
issues as well as iron and folate deficiency (Mendes et al. 
21). 
 
The neurobiology of RLS is believed to be related to low 
brain iron content, especially in the substantia nigra and 
to lesser extent in other subcortical areas (Rizzo et al. 22). 
However, the issue of brain iron deficiency in RLS was 
recently challenged by studies suggesting that peripheral 
iron metabolism deregulation, rather than an absolute 
iron deficiency, is most probably the cause of RLS 
(Beliveau et al. 23). However, the precise etiology of RLS 
is yet to be determined. Moderate to severe RLS affects 
not only sleep quality but also general health. In those 
cases treatment should be offered. Iron deficiency should 
be corrected which often will alleviate symptoms, but not 
in all patients. Dopamine agonist such as Gabapentin, 
Levodopa, Ropinirole, Pramipexole, Cabergoline and 
Pergolide are the drugs of choice. In many patients 
treated with dopamine and dopamine agonists, 
worsening of symptoms occur following a period of 
symptomatic relief. This quite common side effect known 
as "augmentation”, may be prevented by initial 
treatment with gabapentin and gabapentin enacarbil 
instead of dopamine agonists (Garcia-Borreguero et al. 
24). It is not rare to encounter familial cases with RLS and 
positive family history is also very common, found in over 

50% of cases. Indeed, twin and familial studies in 
Canada indicated that genetic factors play a role in the 
risk of developing RLS (Xiong et al.25; Xiong et al;26). 
Nevertheless, recent familial as well as genome-wide 
association studies were summarized as "no definitive 
causal variant or gene have been identified as causing 
RLS" (Akçimen et al. 27). 
 
PERIODIC LIMB MOVEMENTS DISORDER ( PLMD)  
This quite common disorder previously known as 
"nocturnal myoclonus", is associated with RLS in about 
80% of the cases. The disorder is characterized by 
periodic, repetitive attacks of involuntary dorsiflexion of 
toes and ankles resembling the Babinski sign, sometimes 
with additional flexion of the hip and knee. Although 
quite simple to diagnose by careful history only, 
misdiagnosis and delayed diagnosis are not rare 
especially in patients with PLMD without RLS. Patients 
may be unaware of the movements but the bed partner 
may complain about being kicked during the night. Some 
of those patients are referred to the EEG laboratory to 
rule out epilepsy. PLMD starts during NREM sleep mainly 
during sleep stage 2. The exception are patients with 
REM sleep behavior disorder in whom PLMD starts during 
REM sleep. In some patients PLMD will present soon after 
falling asleep and will persist during the earliest sleep 
cycle while in others the movement events will be spread 
during several such cycles.  
 
The definite diagnosis requires PSG with 
electromyography (EMG) recorded from the tibialis 
anterior muscle which is the most active muscle in 
producing the movements. More than 5 events per hour 
of sleep (PLMD index [PLMDi] ≥ 5/h) is generally 
considered as pathological, however, this cut-off point 
according to ICSD-3 is 15/h for adults and 5/h for 
children only when PLMD is causing sleep problems, which 
impacts daytime functioning in the absence of any other 
sleep, psychiatry, or medical illness (Stefani et al. 28). The 
definite diagnosis requires the presence of sleep 
complains as well as daytime impaired alertness. 
Polysomnography with EMG and video monitoring is the 
golden standard diagnostic tool which in addition 
enables to determine the severity of PLMD and detect the 
presence of frequently associated conditions such as 
narcolepsy, obstructive sleep apnea (OSA), and REM 
sleep behavior disorder. Congestive heart failure, 
diabetes mellitus, cardiovascular, renal and hepatic 
disease, alcoholism, syringomyelia, as well a significant 
neurologic and psychiatric impairment are frequently 
associated with PLMD. Cognitive decline is also related 
to PLMD affecting specifically executive functions (Leng 
et al. 29). A number of risk factors are known, among them 
are old age, drugs such as dopamine receptor agonists, 
antidepressants, Lithium carbonate and anticonvulsants 
(Tobback et al. 30). The changes in sleep micro-and-macro 
structure in PLMD, affects negatively daytime function 
and modulation of sympathetic activity which negatively 
affects pulse rate and blood pressure (Chou et al. 31 ; 
Oksenberg et al.32) , and increases the risk of stroke 
(Haba-Rubio et al. 33). It is estimated that 4-11% of 
adults in the general population suffer from PLMD 
(Drakatoset al. 34). However, when the diagnosis of PLMD 
is supported by PSG enabling to score the severity of the 
syndrome, it was found that in subjects with PLMDi of ≥ 
15/h, the prevalence ranged between 28-33% among 
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people with mean age of 56 years (Szentkirályi et al.35). 
PLMD is uncommon in children and when present it is 
frequently associated with co-morbidities. In a study of a 
large cohort of children in whom the diagnosis of PLMD 
and its severity were determined by PSG, 5.6% of the 
children were diagnosed with PLMDi of > 5/h. Out of 
those, 60 % suffered from OSA, while in only 1.2% of 
the children with PLMD, no co-morbidity was present (Kirk 
et al.36). Coexistence of PLMD and ADHD seems to be 
very high. Indeed, Picchietti reported that 90.6% of their 
cohort with moderated to severe PLMD suffered from 
ADHD (Picchietti et al.37), while Crabtree found that 
44.4% of children with PLMD (PLMDi >5), had ADHD 
(Crabtree et al. 38). Interestingly and challenging is the 
recent observation that periodic leg movements during 
sleep are not increased in children with ADHD (Fulda et 
al. 39). 
 

The pathogenesis of the disorder is still in debate. It was 
believed that cortical and subcortical regions are playing 
a role in causing the movement but more recent work 
pointed to the spinal cord as the main locus of interest. 
This assumption was based on the similarity of the 
movements of PLMD to the spinal withdrawal reflex 
(Bara-Jimenez et al. 40; Aksu et al. 41). It was suggested 
that the hyperexcitability of the spinal flexor network 
augmented during NREM sleep may trigger or 
exacerbate this movement disorder as well as RLS, 
especially in dopamine deficiency (Pockett et al.42). 
However, more recent work by Trotti suggested that the 
pathophysiology of PLMD could be related to reported 

dysfunction of calcium channels and/or dopaminergic 
system (Trotti 43).  
 

The above-mentioned theories suggest that Parkinson 
disease (PD) similar to RLS may be strongly related to 
PLMD. Surprisingly, in a quite recent observational study 
of 2205 patients with PD compared to only 25 patients 
without PD, is was concluded that PLMD was not 
significantly associated with PD. Moreover, the severity 
of PLMD did not differ between the groups studied 
(Hwang et al. 44). It is quite surprising that in a recent 
study of sleep disorders in PD, PLMD was not included in 
a list of those disorders. Moreover, in this study using 
video-PSG, 162 patients with PD were compared to 58 
controls. No significant difference in PLMDi was found 
between the groups (Dodet et al. 45).  
 

Since PLMD is considered as a continuum of RLS which is 
known for its association with iron deficiency (ID) and the 
benefit of iron supplementation, it was logical to assume 
that PLMD is also augmented by ID. However, the 
evidence of such an association is in doubt. Leung 
summarized their metanalysis of 93 papers related to ID 
and various sleep disorder by stating that the majority of 
the studies which were reviewed supported an 
association between ID and RLS and the positive effect 
of iron supplementation on insomnia induced by RLS. 
However, in regard to PLMD and several additional 
sleep disorders, the evidence was limited and called for 
additional research (Leung et al.46). 
 
REM SLEEP BEHAVIOR DISORDER (RBD).  
This form of sleep related movement disorder became the 
focus of interest for clinicians and researchers in the field 
of neurodegeneration. According to ICSD-3, the 

diagnostic criteria for RBD consist of: A. Repeated 
episodes of sleep- related vocalization and/or complex 
motor behaviors. B. These behaviors are documented by 
PSG to occur during REM sleep or, based on a clinical 
history of dream enhancement, are presumed to occur 
during REM sleep. C. PSG demonstrates REM sleep 
without atonia (REMWA). D. The disturbance is not better 
explained by another sleep disorder, mental disorder, 
medication or substance abuse (1). RBD affects about 1 
percent of adults older than 60 years of age according 
to high quality studies in which combined video PSG and 
standard screening questionnaire were used (Haba-
Rubio et al.47). The characteristic behavior of the patients 
during sleep is alarming for the bed partner. The patients 
are noticed to be awaken suddenly from a dream either 
laughing, gesturing, crying or singing (non- violent 
behavior) or screaming, kicking, punching, thrusting and 
leaping from the bed (violent behavior) . The patient may 
hit himself or his bed partner during such an episode. This 
behavior is the result of dream enhancement and occurs 
mostly in the second part of the night when REM periods 
become longer. Obviously, such patients will be referred 
promptly to medical attention. On the other hand, the 
diagnosis in patients with mild RBD as well as those with 
non-violent behavior, will be significantly delayed or 
reached when REMWA is detected during PSG done for 
other reasons, mainly OSA or PLMD. Patients with RBD 
are customary classified into primary or idiopathic (iRBD) 
and secondary or acquired RBD. The acquired form is 
associated with neurodegenerative disorders especially 
with synucleopathies such as PD, Multi-System Atrophy 
(MSA), and Dementia with Lewy bodies (DLB).  
 

It is estimated that RBD is present in 30 - 50% of patients 
with PD, in 75% of patients with LBD and in 70%- 90% 
of patients with MSA (Boot et al 48; Mahlknecht et al.49; 
Galbiati et al.50 ). Moreover, it was recently reported that 
81–91% of patients with iRBD will develop either a 
definite neurodegenerative disorder or a mild cognitive 
impairment during a follow-up of at least 14 years 
(Schenck et al.51; Iranzo et al. 52). Those findings indicate 
that iRBD is an early biological marker of 
neurodegeneration providing a chance for prevention of 
neurodegeneration when modifying therapies will be 
available. Other chronic progressive non-synucleopthies 
such as progressive supranuclear palsy, familial 
amyotrophic lateral sclerosis, frontotemporal dementia, 
myotonic muscular dystrophy, Wilson disease, cerebellar 
degeneration, and autoimmune encephalitis may be 
associated with, RBD, to lesser extent (Dauvilliers et al. 
53). Quite recently it was shown that the presence of 
variants in the gene encoding for the lysosomal enzyme 
glucocerebrosidase (GBA), are associated with increased 
risk of RBD (Krohn et al54 ). RBD can be triggered by 
antidepressants when taken for at least 4 years, which is 
usually reversible when the drug is discontinued (Boeve 
55).  
 

The pathophysiology of RBD involves the pontine 
tegmentum and medial medulla, brain regions controlling 
muscle atonia during REM sleep. It was shown that the 
intermittent loss of atonia during REM sleep in BRD is 
caused by interruption or disinhibition of excitatory 
glutamatergic neurons located within the dorsal pre-
coeruleus nucleus which activate spinal cord inhibitory 
interneurons (Boeve et al.56). 
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BENIGN SLEEP -RELATED REPETITIVE RHYTHMIC 
MOVEMENTS DURING SLEEP IN CHILDREN  
Head-banging, head rolling and body rolling mainly at 
sleep- wake transition are not rare in young children and 
generally overlooked by experienced parents, however, 
only when those movements disrupt sleep, impair daytime 
functions or result in self- injury, they are considered as 
Sleep Related Rhythmic Movement Disorder (SRRMD). 
Indeed, those movements can cause scalp injury, skull 
fracture, subdural bleed and even alopecia (Lam et al.57 

). In the past, the prevalence of the disorder was studied 
using questionnaire information from children or parents 
without using questions based on ICSD -3 criteria. It was 
found that head or body movements in normally 
developing children are quite frequent during early 
infancy with gradual decrease in frequency with age, 
from about 60 % at the age of 9 months to about 6% at 
the age of 5 years (Klackenberg58). However, in a recent 
epidemiological study of a large population, quite lower 
prevalence of all forms of SRRMD was found. A 
prevalence of 2.7% was found among infants and 
toddlers using only screening questionnaires while it was 
0.34% when the clinical diagnosis was confirmed by 
home video-PSG (Gogo et al.59). The most common form 
of SRRMD was body rocking followed by head rolling 
and head banging, in a descending order. It is assumed 
that SRRMD is caused by abnormalities of inhibitory 
control in the central motor pattern generator with 
irregular GABA release. Since impaired GABA release is 
also present in neurodevelopmental disorder (Chao et al. 
60), it was assumed that this fact may explain the high 
rate of SRRMD is those disorders.  
 

Rare forms of Sleep Related Movement 
Disorders  
PROPRIOSPINAL MYOCLONUS AT SLEEP ONSET AND 
AT SLEEP- WAKE TRANSITION 
This is a rare, quite newly described form of 
propriospinal myoclonus (PSM) at sleep onset (Provini et 
al 61). In PSM, there are rhythmic flexion /extension jerks 
starting in the thoracic paraspinal muscle, spreading 
caudally and cranially which occur typically during 

wakefulness just before sleep onset. PSM may be 
idiopathic or associated with conditions affecting the 
spinal cord such as trauma, tumor, MS, thoracic zoster, 
syringomyelia and spinal ischemia. This form of PSM 
occurs only during sleep-wake transition, thus it can be 
considered as a parasomnia (Guo et al. 62).  
 

 PAROXYSMAL DYSKINESIA ON WAKING 
This form of movement disorder belongs to a group of 
rare disorders classified as “Paroxysmal hypnogenic 
dyskinesia”. The few patients reported so far suffer from 
long standing episodes of involuntary movements 
involving face, trunk, and extremities exclusively on 
awakening, occurring each night and lasting few seconds 
during which consciousness is preserved. Neurological 
evaluation, EEG during and between episodes and brain 
MRI are normal. It was suggested that those patients 
belong to a more common group of patient with non-
epileptic paroxysmal hypnogenic dyskinesia (Gau et al. 
62).  
 

Conclusion:  
Professor Perez Larvie, the pioneer and founder of sleep 
medicine in Israel, wrote in his book “The Enchanted 
World of Sleep “that for thousands of years sleep was 
viewed as a period between “Good evening and Good 

morning  ,but no more than that…" (Lavie 63). This could 
also apply to movements during sleep which were 
experienced for centuries either by the individual who 
kept turning in bed looking for a comfortable posture or 
by a person who was awaken when kicked by his/her 
sleeping bed partner. For persons with movement 
disorders during sleep, the “enchanted world” of sleep 
turns into fragmented, disrupted sleep. You may ask the 
intern if his last night was “enchanted “. The information 
given in this review is intended to increase the awareness 
of healthcare professionals to the presence and nature of 
those movements and help to provide tools for correct 
diagnosis and treatment. It should be obvious that 
recognition and treatment of those disorders are 
beneficial not only for sleep quality but can impact 
positively on general health and wellbeing.  
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