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ABSTRACT

The two disorders of Restless Legs Syndrome (RLS) anodieLimb Movements
(PLM) are well recognised as fairly common neurologiiabrders. The presentation is
of a sensory and motor component suggestive of a sthigpefexcitability of the
nervous system. The underlying abnormality is believedviolve a dopamine
deficiency but many of characteristics of the disortiense not been adequately
described or quantified. | investigated, firstly, the possidesons for the gender bias in
the prevalence studies and found that women were nkefg {0 have some associated
conditions which may be related to RLS as well agghdrisymptom load when
compared to men subjects with RLS. | then looked aptbklems of analysing the
sensations occurring in RLS. Due to the lack of an adequedsuring tool and the
possibility of a relationship between the sensationsL& Bnd those of pain, | used a
validated descriptive pain questionnaire (the McGill pain dgumsaire) to measure the
sensations of RLS. Subjects with RLS were able to destitdsensations with the pain
guestionnaire and severity indices calculated from theiVic@related well with
measures of RLS severity but not with other intensi#yasares for pain. In the area of
motor events | investigated the possibility of creatimgpasification system for the
muscle activations documented as PLM. | recorded multipiscle groups in the legs
during sleep and devised a classification using sequencéwt®an and timing of
activations from the different muscles. | also usecttassification to show subtle

changes in the leg activation patterns associatedchiéhge in sleep stage.
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PREFACE

This thesis is divided into nine chapte@hapter 1 provides a general background to the
disorders of Restless Legs Syndrome (RLS) and Periachic Movements (PLM).

Chapter 2 introduces the aims of the thesis based on that preview

Chapters 3 and 4are concerned with the gender bias, in favour of woffieeimd in all
prevalence studies of RLS in various populations. Ch&peovides a literature review
to introduce the topic and suggest some explanations amdethéor this gender bias.
Chapter 4 contains the paper published on genetic differenaeSouth Africa

population investigating some of the theories from chater

Chapter 5 introduces the concept of hyperexcitability of the nernaystem and the
generation of both exaggerated and spontaneous phenoaténa the sensory and
motor system. The relationship of these phenomena se ttensory phenomena of RLS
and the motor phenomena of PLM is then discussed.sEhe bf measuring tools for
spontaneous sensory and motor phenomena is consi@éraoter 6 and 7contain 1
published paper (Chapter 6) and one submitted paper (Chaptekirgl at potential

new measuring tools for the sensory phenomena (Chapaedénotor phenomena

(Chapter 7).

Finally, in Chapter 8 the results are summarised and ideas for new dinscimoresearch

advanced. The referencesGhapter 9 are those used for all literature reviews.

Xii



CHAPTER 1

INTRODUCTION



Restless Legs Syndrome (RLS) and Periodic Limb Movesn@LM) are related
neurological disorders characterised by spontaneous pat\bibth the sensory and
motor systems summarized by the sufferer (or bedpawserestlessness”. The sensory
component occurs as RLS with an unpleasant, uncorbferfeeling in the legs urging
the sufferer to move in order to relieve the sensafithe motor restlessness presents as
PLM, which are involuntary repetitive activations in thescles of the legs occurring
during sleep and/or wakefulness. While often occurring togetttbe same patient, the

disorders may be independent of each other.

1.1 Restless Legs Syndrome

The history of RLS begins in the seventeenth centuity avdescription from Dr T Willis
in 1685 of a patient who had difficulty sleeping due to discoinfothe limbs (Coccagna
et al. 2004). For many years, in the absence of any phg&t@imity or obvious
pathophysiology, RLS was considered to be psychologicaigim, as a form of
“hysteria” or neurosis and in 1861 was named “Anxietas timaty Wittmaack
(Coccagna et al. 2004). Other patients were reported sulmglygoneanecdotal notes but
Karl-Axel Ekbom has been credited with the first stiiic description of RLS in 500
patients in 1945 (Ekbom 1945). He also coined the term Res#gs Syndrome (RLS)
but for many years after that, particularly in Eurdpe, disorder was referred to as
Ekbom'’s syndrome. Doubt has been cast on the specibitthese early diagnoses
because of the subsequent description of many similaosedisorders which are now

distinguished from RLS by refined diagnostic criteria.



1.1.1 Definitions and diagnosis

RLS is a spontaneous sensory disorder, diagnosed deshaption of a very specific
sensory phenomenon. The diagnostic criteria for RleSdefined by positive answers to
four questions asked of patients which were validated bynteenkational Restless Legs
Syndrome Study Group (IRLSSG) in 1995 (Walters 1995) and furtfieed by an NIH

committee in 2003 (Allen et al. 2003). The current diagoagiestions for RLS are:

1. Do you have an urge to move your legs usually accompaniealised by
uncomfortable and unpleasant sensation in the legs?

2. Does the urge to move or unpleasant sensation beginorsen during periods
of rest or inactivity such as lying or sitting?

3. Isthe urge to move or unpleasant sensation partiatigtally relieved by
movement, such as walking or stretching?

4. Is the urge to move or unpleasant sensation worse ievitning or night than

during the day?

An answer in the affirmative to all four of these gies would confirm the presence of
RLS. Negative answers to one or more of these quedtamresbeen shown to distinguish
RLS from similar disorders such as akathisia (Walteed. 6991) and painful legs and

moving toes (Sanders et al. 1999).



While the four questions are diagnostic in their owihtrthere are other associated
features according to the NIH document (Allen et al. 20@83h are considered to

confirm the diagnosis of RLS. These are:

A positive family history Between 40 and 90% of patients in studies are awaearolyf

members who also suffer from the disorder (Barrieid.2005; Winkelmann and Ferini-
Strambi 2006). First degree relatives have a 3.3 fold increaseidence of RLS
symptoms (Hening et al 2004a) when compared to control populafibese are
however, a significant number of patients with RLSwiave no family history so a lack

of family history is not specific.

Positive response to dopaminergic therdpgsolution of the symptoms with dopamine

replacement first was described in 1982 (Akpinar 1982). Since titeatment with either
L-Dopa, combined with carbidopa, or dopamine agonists hasshe&m to be highly
effective in treating the condition such that thegenas are now considered to be first-
line therapy for patients who complain of the RLS a&inss (Stiasny et al. 2002; Hening
et al 2004b). The response to supplemental dopamine isdpebtjific to RLS and
improvement of the sensory disorder following a shoutrse of dopamine replacement

may confirm the diagnosis of RLS.

This positive response to dopamine therapy has drivemaeruof research projects
looking at imaging studies, autopsy studies and measuremeapafmmine analogues and

breakdown products in the cerebrospinal fluid, the speatfiavhich are beyond this



brief review. Although there are changes in dopamine sgighsecretion and receptor
types in patients with RLS, the lack of consistency mékesesults difficult to
formulate into a tight hypothesis. Nevertheless, itpeificant response of RLS to
dopamine replacement therapy has convinced most resesarcleemsider the cause of
RLS and PLM to be an abnormality in the dopaminergibyeays in the brain

(Montplaisir et al 2000; Allen 2004; Trenkwalder and Paulus 2084;de et al 2005).

Periodic limb movements (PLMYhese spontaneous motor events typically are

described as dorsiflexion of the big toe and ankle, sorastertending to a spreading
movement of the toes with flexion of the knee and hipg@an et al. 1980). While PLM
were initially described as an independent condition, Wexg found to occur in
pathological numbers in up to 84% of patients with RLS&c(dud et al. 2002).
Increasing severity of RLS also correlates signifigawith increasing numbers of PLM
during sleep (Allen and Earley 2001b; Garcia-Borreguero22@). The link between
RLS and PLM is strengthened further by the finding thahtmeous periodic
movements similar to those occurring during sleep atsaraduring wakefulness in
patients with RLS, particularly when they are askerkfain from moving during the
sensory disturbance (Montplaisir et al. 1998). A recstiterl has suggested that these
movements during wakefulness should be used as a diageristi@ for RLS (Michaud

2006).



1.1.2 Prevalence

Most population based studies on RLS would confirm thaffeicts enough people to be
a clinically significant disorder (Garcia-Borreguera 20®0&wever, the prevalence of
RLS varies according to the country surveyed and the qussig&ked. The two extremes
of prevalence are: less than 2% in Japan and Singapagayima et al 2000; Tan et al.
2001) to 11.5% in Scandinavia (Bjorvatn et al. 2005) suggestigmificant difference

in prevalence between Western and Eastern populationsegonwcomparing prevalence
data from different countries is difficult due to procedualiatrepancies. Diagnosis of
RLS in some older prevalence studies relied on a saqgdstion, often including the
presence of a sleep disturbance as a diagnostic aniterioch no longer would be
acceptable (Lavigne and Montplaisir 1994; Phillips et al. 200@gre are also problems
in comparing studies when the definition of “signifit&LS”, determined by the number
of days the subjects are affected by the sensationss vmtieeen studies. Despite these
difficulties it is generally accepted that approximately li@%uropean and American

populations will fulfil the diagnostic criteria of RLS

The prevalence of RLS is increased in subsets of thmai@opulation specifically in
pregnant women (26% Manconi et al. 2004), and in patientscedthorbidities such as
renal failure (20% Winkelmann et al. 1996), and iron deficigXileeffe et al. 1994).
RLS in these, and other less common conditions, ceegpso-called “secondary RLS”

which may resolve once the primary condition has veshlby birth of the child



(Manconi et al. 2004), replacement of iron (Kryger eR@02) or transplantation in the

case of end-stage renal disease (Winkelmann et al. 2002b).

1.2. Periodic Limb Movements

Motor activity related to RLS, as involuntary movemesftghe lower limbs while the
sensation was present during wakefulness, were first mot#3 by Allison (Allison

1943 cited in Coccagna et al. 2004).

In 1953 the presence of involuntary leg movements during,sieen called nocturnal
myoclonus, was reported by Symonds who, due to technidgdtioms, wrongly
diagnosed them as a form of epilepsy (Symonds 1953)firEhgroup to record these
movements formally during the night was led by Lugaresiptidished various papers
outlining the phenomenon, particularly its common o@nee in RLS (Lugaresi et al.

1965), but also as an isolated phenomenon (Lugaresi et al. 1966)

1.2.1 Definition and diagnosis

In 1980 Coleman disagreed with the term myoclonus asghmdeements that he had
now formally described and characterized as occurringeirahterior tibialis muscle,

were too short and repetitive to fit the definition ofanlonus: he called them Periodic
Limb Movements (PLM) (Coleman et al. 1980). When the Riddur during sleep they

are referred to as PLMS and when they occur during walesslthey are referred to as



PLMW. A third term, PLM disorder (PLMD), is used to defia syndrome where the
presence of the leg movements can be shown to cawsepadisorder and thus have a
clinical impact. The relevance of PLM to sleep disws has, however, been a subject of
debate with some authors disputing that PLM alone causslegyy disruption

(Mendelson 1996; Mahowald 2001).

Despite the use of the term “periodic limb movemetits’motor events are defined by
electrical activations of the muscle anterior tisimécorded on electromyography
(EMG). In this review, the term periodic limb movementised to indicate these
electrical activations, as is done routinely. Whete EMG activation occurring during
sleep fits the criteria for inclusion as a periodmbimovement depends on the fulfilment
of scoring criteria based on those first proposed in 1@8%&(man 1982), refined and
accepted by the American Sleep Disorder Association ABi2A Atlas Task Force

1993) and again updated in 2006 in a document approved by the Woolkiadss of
Sleep Medicine (WASM) (Zucconi et al. 2006). The current @WA criteria defining
pathological leg movements involve the identificatida LM sequence consisting of

EMG activations which fulfil the following criteria:

1. There is an increase in EMG amplitude of at least Sw¥abaseline

2. The individual burst duration lasts from 0.5 to 10 seconds

3. The EMG activations are separated by at least 5 andoret itman 90
seconds.

4. There are four or more EMG bursts fulfilling theseestd.



The significance of the specific amplitude and duraticecai for the PLM has not been
objectively established as highlighted in a recent revidarifyak 2006). One recent
paper has formally questioned the legitimacy of the atiaeplitude criteria as
producing an underestimation in the number of PLM countedgisleep (Gschliesser et
al. 2006). Whether this underestimation is important isaanclThe time intervals
between activations have been based on more objeletige One of the first research
papers describing PLM reported that there was a clear péad inter-movement
intervals between 20-40 seconds with the remainder &M@ activations scattered on
either side of this peak (Coleman 1982). The dominanceed@ho 40 second inter-
movement interval has been confirmed more recenthgusbimputerized analysis (Ferri,
Zucconi et al. 2005). However, despite much research nélithesignificance nor origin
of these specific time intervals have been establishieel lack of clarity associated with
discriminating pathological from non-pathological PLEisicreated a secondary

problem: defining the prevalence of the phenomenon and tausstrder.

1.2.2 Prevalence

The muscle activations which define PLM are usually detean overnight sleep
recordings for other sleep disorders although a histony th@ bed partner of limb
movements during sleep in the subject has also beenarsgetérmining prevalence.
The largest general population study using a personal hidtteg cmovements during
sleep was done in 18 980 subjects using the InternationaifiCktssn of Sleep

Disorders criteria (ICSD) and reported the presencebfPin 3.9% of the population



(ICSD 1990; Ohayon and Roth 2002). While pathological leviesPd . are found in
most patients complaining of RLS, PLM are often foussbaiated with other sleep
disorders (Lesage and Hening 2004). Pathological PLM, as ddfinan PLM index >5
per hour, are found in a greater proportion of patients matcolepsy (Montplaisir and
Godbout 1986), obstructive sleep apnoea (Warnes et al. 199REM behaviour
disorder (Schenck and Mahowald 1990) than in normal centmlother study
comparing different groups of people found a prevalence of Biddter than 5 per hour
of sleep in 30% of patients with hypersomnia, 40% of patieth insomnia and 55% of
control subjects in a small sample (MontplaisirleR@00). Patients with narcolepsy and
RLS had a prevalence of 80 and 85% respectively. In a sufwgesly subjects, who
were normal sleepers, between 30% and 50% were founded>haw indices greater
than 5 per hour (Ancoli-Israel et al. 1985; Dickel and Mo%880). Thus a PLM index
greater than 5 per hour did not necessarily separate tgatieh frank sleep pathology
from normal controls and was not associated with anycpéar type of sleep disorder.
Therefore, the significance of pathological numberBId¥l, which fulfil the scoring

criteria, when discovered on a routine overnightgskeeording is unclear at this point.

1.3. Restless Legs Syndrome and Periodic Limb Movements aseatisorder

One confounder to any discussion of the origins of RLKSRIM is whether the sensory

and motor events comprise one or two separate disofidee is good evidence that

they are in fact one disorder, the two components aflwimay also occur independently

of each other in some cases.

10



While patients with isolated RLS and PLM have been de=dyithe high numbers of
patients with RLS also having PLM (80%) would suggest a consterof origin for the
sensory symptoms and motor events. The presence of Pulsimilar characteristics
to PLMS, during wakefulness in patients with RLS providestaxhdil evidence for this
common neurophysiological link (Montplaisir et al. 1998; Miath@t al. 2001). The
movements during wakefulness are reported anecdotally Bnisabut are made more
prominent by the Suggested Immobilization Test (SIT). Téss asks sufferers not to
move their legs when they feel the restlessness therreo hold them still while the
activity of the anterior tibialis muscle is recordedhnelectromyography (EMG)
(Michaud et al. 2002). A number of studies have now showgrétisant correlation
between the severity of the RLS sensations, the PLiM1&X obtained on a SIT test and
the number of PLMS observed in a subsequent night of @iéaptplaisir et al. 1998;
Allen and Earley 2001b; Garcia-Borreguero et al 2004; Aksli 2006). More detailed
analysis of the movements may strengthen the linkdxt the awake and sleep motor

phenomena confirming the one site theory.

It is important to confirm whether the two disorders@enected by a similar
pathophysiological site as information gained in the amlyf the sensations of RLS
may then be used to explain the PLM and vice versa. \Wi@icomponents of one
disorder are each restricted to either wakefulneskep sinformation gained from
techniques which are restricted to one particular phase asuataging techniques

during wakefulness, can be used to explain both disorders.
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CHAPTER 2

AIMS OF THESIS

12



There is good evidence that a central deficiency ®h#urotransmitter dopamine is the
underlying cause of the symptoms of Restless Legs SyndRin®) énd Periodic Limb

Movements (PLMs). There are, however, many fundarhgo&stions related to the two
disorders which cannot at present be answered. My tinesefore aimed to investigate

three different areas related to RLS and PLM.

One striking characteristic of RLS is the higher premaé of RLS in the female gender
in all population studies. Despite this, no work hasline to investigate the
mechanisms producing this phenomenon. For my first dtadiged a population of
subjects who had contacted me in response to an advertriatment study to complete
a questionnaire in order to define some aspects of the rgeiaden particular | was
interested in the genetic transmission, thus asking damiity history, as well as the
impact that the sensations and motor events of RL®hateep. The relationship

between the RLS and other medical disorders wasralsstigated.

The second and third studies focussed on the problems watsunieg and defining the
sensory and motor events associated with the two ¢omslitMy second studwas
inspired by one of the possible reasons for the gender d&fging the sensations of
RLS. By adequate descriptions of the sensations of Re8rifin of the sensations may
be uncovered. Of particular interest is the relatgmsf the RLS sensations to those of
pain — given the well-known gender bias favouring a ledegrain threshold in women. A
significant proportion of patients with RLS remark ttfa# sensations are in fact painful

and thus using a measuring tool usually reserved for pain enagdful to define the type

13



of sensation occurring in Restless Legs Syndromerddu@rement to be able to analyse
both qualitative and quantitative features of this sensatsowell as the difficulty that
most patients have in describing the sensation led e tolcGill Pain Questionnaire
(MPQ) (Melzack, 1975). The MPQ has been used extensivelwalhdalidated in the
past to define and compare various painful sensations. ifhef any project was to
firstly describe the sensations of RLS by means ofldéseriptive word list in the MPQ
and then to compare severity results from the MP@ satverity results from specific

RLS related questionnaires.

| then turned to the problem with the measurement ofrtbir events known as Periodic
Limb Movements (PLMs). It is my belief that part oétreason for the dilemma
regarding the source and clinical relevance of theselmastivations is due to the lack
of a good tool for analyzing the complexity of the leg eroents. While three studies
have looked at multiple muscle recordings none of thessgmted a clear reproducible
way of analyzing the results (Provini et al.2001, de Weeall 2005, Trenkwalder et al
1996a). The aim of my third studyas to develop a classification for motor patterns
occurring during sleep and for this purpose | recorded the ENt&rpsof four muscle
groups in each leg on 10 subjects with RLS during sleepniapplied the classification
system in order to analyse how the activation patteere affected by different sleep

stages.

14



CHAPTER 3

LITERATURE REVIEW: WHY THE GENDER DIFFERENCE IN

PREVALENCE OF RESTLESS LEGS SYNDROME?

15



One of the fascinating and under-researched areas leseelggs syndrome (RLS) is the
origins of the gender differences in the presentatidghetlisorder. As discussed
previously the prevalence of RLS appears to vary inr@iffepopulations and, in most of
the populations studied, women are more likely to be tfteloy the condition than are
men (Table 1). The reasons for this female preponderamrevalence studies of RLS,
both in general populations as well as those in prihaajth care, are unknown. When
considering the gender bias it may be useful to dividedhbsilple causes into reasons for
more women to havéhe condition and reasons for more women to repercondition,

when compared to men.

3.1. Do more women have Restless Legs Syndrome?

A gender bias in the presence of RLS in population groupkesnan increase of RLS in
the female gender in both primary and secondary RLSn&mrase in primary RLS
would imply that there is a simple genetic bias producingem@men with primary RLS
while an increase in the prevalence of secondary Rifigs that women are more likely
to have the recognised causes of secondary RLS when @htpamen. A third cause of
the gender bias in the prevalence of RLS may be aomd&ip between RLS and other
co-morbid disorders which themselves have a gender biaseh@#sayet, not considered

to be secondary causes of RLS.

16



Subject RLS

Reference Country(ies) numbers Age (y) Dlagno_stlc prevalence female:
criteria (%) male
General Populations
Lavigne (1994) Canada 2019 >18 1 question 15 1.31
Phillips (2000) USA 1803 >18 1 question 10 Equal
Ulfberg (2001a,b) Sweden 2808 18-64 IRLSSG 6.1 1.90
UK, Germany,
Ohayon (2002) "0\ Spain, 18980  >15 ICSD 5.5 1.97
Portugal
Sevim (2003) Turkey 3234 >18 IRLSSG 3.2 1.56
Berger (2004) Germany 4 310 >20 IRLSSG 10.6 1.76
Tison (2004) France 10 263 >18 IRLSSG 8.5 1.81
. Norway,
Bjorvatn (2005) Denmark 2 005 > 18 IRLSSG 11.5 1.43
Allen (2005) USA, Europe 15391 >18 IRLSSG 7.2 1.67
Mizuno (2005a) Japan 3287 >65 1.06 2.43
Primary health care populations
Rothdach (2000) Germany 369 65-83 IRLSSG 9.8 2.28
Nichols (2003) USA 2099 >18 IRLSSG 24 1.37
.. leg
Rijsman (2004) Netherlands 1485 50 movements 7.1 1.2
USA, UK,
Hening (2004a) France, Spain, 23 052 adults IRLSSG 9.6 2.18
Germany

Table 1. Prevalence studies in general populations amdnyrhealth care populations that have reported
on gender differences in RLS/PLM. IRLSSG = Internatidtestless Legs Syndrome Study Group. Some

gender data recalculated from percentage data given in studies.
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3.1.1. Primary RLS — a straight forward genotypic or phenotypidias.

The only way that genetic transmission can accourd female gender bias in RLS
prevalence is if the disorder was transmitted in a f&aguring women, possibly sex-

linked. There is, however, no linkage study published thaswiport this hypothesis.

There is clear evidence that RLS is more likely torbagmitted within families and thus
has some genetic component (Stiasny et al. 2002; Bartiate2005). Common linkages
within different families to chromosome 21q in Canada, ibdeply and 9p in the USA
show the inheritability traits (Bonati et al. 2003; Destaiet al. 2005; Chen et al 2004).
Only a few studies on inheritance patterns, and noneedirtkage studies, have included

data on gender differences.

In the five family pedigrees analysed by Lazzarini étakzarini et al. 1999) there was a
ratio of 1.4 to 1 preponderance of women suffererthdimm study, however, they
excluded those women who had RLS only during pregnancy. THeusgported female
dominance would increase if these women were includdtkas would be no similar
reason for such an increase in RLS in the male popuolatiost of the other genetic
studies do not indicate gender differences except to aayhih inheritance is not sex-
linked but rather autosomally linked in families with spag family history

(Winkelmann et al. 2002a). The type of transmission appedns dominant possibly as
a single gene with either a multifactorial compon&inkelmann et al 2002a), age-

dependent penetrance (Trenkwalder et al. 1996) or simplyyH(igétween 86 and 100%)

18



penetrant (Lazzarini et al. 1999; Winkelman and FerinisBibi2006). A susceptibility,
only in women with RLS, has been shown in polymorphisnggenes coding for mono-
amine-oxidase activity (Desautels et al 2002). This enzymeadved in breakdown of
dopamine in the nervous system and may thus increasksligolod of RLS in women.
However, this subtle evidence, which has not been régtida other studies may not be
sufficient to place genetic causes as the primary detaninof the gender bias in

prevalence studies.

One problem with using family trees for genetic studigkasvarying age of respondents
at the time when the study is performed. The increasitigence of RLS with advancing
age may bias both the total prevalence data as weéieagender differences (Milligan
and Chesson 2002; Hening et al. 2004; Allen 2005). Supposedly uadffeatnger
members in the family tree at the time of study magent with RLS when older
particularly after experiencing an unrelated precipitagiwgnt, such as pregnancy, with
an inherent gender bias known to be linked to RLS. These gskeleed precipitating
events may then increase the prevalence in womé ialtler section of the population

but also increase the prevalence of non-familial cab&4.S.

The genetic basis for the higher prevalence of RLSom&n may be related to fluxes in
gonadal hormones, such as oestrogen and progesterorayladytihe rhythmical
changes with menstruation, pregnancy and the gradual deareormonal levels with
menopause. These two hormones have myriad effectslylaéfeicting brain function

which may affect the likelihood of presenting with RL$iee is a particular relationship
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between oestrogen and dopamine. Oestrogen or oestrogerenepid therapy may be
protective to the brain in other dopamine related dissrsiech as Parkinson’s and
attention deficit disorder (Saunders-Pullman et al 1998)e specifically, oestrogen
withdrawal causes loss of dopaminergic cells in the sulstaigra and oestrogen
replacement therapy brings about restoration of atrittpaminergic function in
previously oestrogen depleted rats (Lernath et al 2000; CéttahR001). The protective
effects of oestrogen are present in mesencephalic dogaic neurones as well which
have been suggested to be the dopmainergic neurons affe&te8 {sawada and
Shimohama 2000). This neuroprotective view has not been foumsdstantly in all
studies. In fact a higher risk of Parkinson’s diseaseoimen taking post menopausal
hormone replacement therapy has also been reportpdt(Bwal 2005). The general
conclusion seems to be that women with Parkinsos&sagie may continue taking
hormone replacement therapy. Finally, the normal ré@luean dopaminergic neurones
that occurs with increasing age is more severe in wonhemwompared to men (Wong
et al 1988). Thus the lowered levels of oestrogen and progesteccurring after

menopause may explain the increasing prevalence indee wbman.

The gender differences, in genetic status, dopamineidumnand oestrogen levels with

advancing age, may be enhanced by a number of secondagg cdfd_S which appear

to produce iron deficiency which may also have a gender bias
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3.1.2 Secondary RLS — the role of iron deficiency.

Various independent life events or medical disordersvshbigher prevalence of RLS in
patients or subjects affected by such events when comiuatieel general population.
Such life events or medical disorders may themseh@duse a gender bias in the
presentation of RLS. The three recognised secondaryatiB®.S are pregnancy, end-
stage renal disease and iron deficiency itself — wisigltesumed to be the underlying

mechanism behind the increase in RLS prevalence ihrak disorders.

The evidence for an increased prevalence of RLS during pregissaccumulating and
obviously the gender bias is absolute. The incidencd8fdRuring pregnancy increases
reaching 23-26% by the third trimester (Lee et al. 2001; Manc¢a@hi 2004). The
prevalence of RLS in women also increases with agirgg number of pregnancies
(increasing parity) (Berger et al. 2004). In this study woofeall ages who had never
been pregnant (nulliparous) had a prevalence of RLSasitilthat of men at similar
ages. In most cases of RLS during pregnancy, howeveRLiBdends to resolve either
towards the end of the pregnancy or after the birthethild which makes it difficult to
explain the long term increase in RLS with pregnancgr{dbni et al 2004). It is possible
that pregnancy is the precipitating factor for RLS whigdntmakes the woman more

susceptible to RLS caused by other life events after g#gmpncy (see below).
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The sudden resolution of RLS after parturition also amedit with the suggestion that
the common underlying mechanism for the secondary cau$dsSois that of iron
deficiency. A more logical explanation is one with@monal basis. Any impact of the
hormonal changes specific to pregnancy, including tbbsestrogen, progesterone and
prolactin, on RLS has not been sufficiently investigafiéne high levels of oestrogen and
progesterone during pregnancy are unlikely to cause an secie&®LS as a significant
decrease in these hormones after menopause is asdogitit an increase risk of RLS,
as discussed earlier (Barriere et al 2005). Also a raisstiogen level in post
menopausal women raises dopamine responsivity when teséedappomorphine
challenge (Craig et al 2004). Possibly other hormonesasiolxytocin and prolactin ,
also associated with pregnancy, are better candidatésefehanges in RLS during

pregnancy.

The relationship between prolactin and RLS is intangsgiven the inhibitory effect of
dopamine on the secretion of prolactin. The rising proldevels during pregnancy may
thus be due to a gradual decrease in dopamine levels whicth alsallead to
presentation of RLS symptoms. Prolactin secretionsarea in men with RLS, while
following the same diurnal pattern as the symptomsL& #®as not found to differ
between men with RLS compared to control men (Wettal 2002). The roles of
oxytocin, prolactin and thyroid hormones which can adirge significantly post-partum,
and fluctuate depending on whether the mother breastfeeus, are unstudied in the

pathogenesis of RLS related to pregnancy (Hendricksl&o&l). The relationship
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between the hormonal changes occurring during and aftgngumey and the possible

association with depression (see below) have alsbeaet explored.

The prevalence of RLS is also found to be higher in pati@ith end-stage renal disease

The gender bias of RLS found in general population stusliest found in patients with
renal disease who also have RLS. (Gigli et al 20049rdIs also no gender bias
favouring women in the occurrence or progression ofl iisaase to end-stage failure
(Silbiger and Neugarten 2003; Seliger et al 2001). The associziween RLS and iron
deficiency in end-stage renal disease is less definiteboth positive and negative
findings thus implying, in at least some patients witfSRlue to renal disease, a different

pathophysiology to that of primary RLS (Gigli et al 2004).

The final accepted secondary cause of RLS is thabofdeficiencyitself. Biological

markers of iron deficiency include a lowered serum ferrdgimeasure of iron storage, a
lower haemoglobin and a raised tranferrin level (FlemircgManendez 2004). Iron
deficiency has been shown in RLS patients using a yarfaheasures for iron status
including serum ferritin, cerebrospinal levels of femrand transferrin, imaging of
regional brain iron status and autopsy measures of ipoairtoncentrations (Allen et al
2001; Allen 2004; Mizuno et al 2005b). Treatment of the irdicigacy has, in some
studies, resulted in resolution of the RLS symptoms ¢izat al 2004; Kryger et al
2002). The relationship between iron deficiency and RLS isipred to be the
requirement for iron as a cofactor for optimal acyiat tyrosine hydroxylase, an

essential enzyme in the production of dopamine. The caondm#tween a reduction in
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dopamine and the presence of RLS has been mentioned. Bdiermost important
feature of iron deficiency as far as the gender biad. B iR concerned is that iron
deficiency, within the general population, is more cominomomen than in men, thus

paralleling the gender bias of RLS symptoms (Rushton et al 2001)

Thus as far as the secondary causes of RLS are cod@wagiety of mechanisms,
including hormonal fluctuations, iron deficiency and poss#olgne additional unknown
variables may occur together to increase the numbegowien afflicted by the secondary

causes of RLS.

3.1.3 Co-morbid factors — gender biased medical disorders.

The gender bias seen in prevalence studies of RLS mayalaffected by co-morbid
medical disorders which are not currently considere@esnslary causes of RLS but
may play some part in the gender bias. A number of miedisarders occur with an
increased prevalence in patients with RLS, when compareadintrols, including
arthritis, obesity, respiratory diseases, hypothyroididepression and anxiety, and
possibly hypertension (Banno et al. 2000; Ulfberg et al. 2001 &g et al. 20044,
Sevim et al. 2004; Winkelmann et al. 2005). In most of thessedkrs the link to RLS is
not immediately obvious and only hypothyroidism, depressimnaaxiety are known to

have an inherent gender bias.
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The connection between hypothyroidisimd RLS, as far as any gender bias is concerned,

appears to be quite strong, as previously diagnosed hypalisynovas found only in
women with RLS and not in men with RLS. RLS and hypatlilygsm share a common
biochemical link in the amino acid tyrosine as a precaursthe synthesis of dopamine
and thyroid hormones. Tyrosine hydroxylase, the enzymitdéiog the transformation
of tyrosine to DOPA requires iron as a cofactor anca@bron deficiency has been
found in patients with RLS (Fitzpatrick 1989; Connor e2803; Allen 2004).
Hypothyroidism may also be related to a brain iron deficy as a low thyroid hormone
level negatively affects the handling of iron by thaiby at least in developing rats
(Levenson and Fitch 2000). Iron deficiency in its turn redubgroid peroxidase activity
which would then cause lowered thyroid hormone leve&sé€t al. 2002). Thus links
between brain iron deficiency and both the dopamineidetty of RLS and
hypothyroidism may explain why hypothyroidism and RLS gyl to occur in the
same people (Allen 2004; Zimmermann and Kohrle 2002). An isededask in women
of both iron deficiency and hypothyroidism, independeriRloS, may then increase the
prevalence of RLS in this gender (Galofre et al. 1994; Ruséit al. 2001). Despite this
attractive hypothesis the potential links between hypottigm and RLS, and

particularly their impact on gender bias, have not besearched.

The other conditions, with an inherent gender bias, whigy impact the prevalence of

RLS are depression and anxietyomen are more likely to suffer from depression and

anxiety during their lifetime compared to men (Parker andzHRavlovic 2004;

Piccinelli and Wilkinson 2000). There is also an increaseudgbence of both depression
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and anxiety in subjects with RLS, which, when comparedjéonaatched controls, occurs
independently of the sampling technique (Sevim et al. 2004; Winakei et al. 2005;

Saletu et al. 2002).

It is unclear how the relationship or association leetwRLS and depression and anxiety
arises. Patients with RLS may be more likely to dgvelepression and anxiety due to
the impact of RLS on lifestyle and quality of life (&h et al 2005). Neurotransmitter
changes, adverse life events and social norms whichaserthe relative risk of
depression in women may also increase the risk ofiRb®men, but are at present
unstudied (Piccinelli and Wilkinson 2000). Treatment of thelpisitric complaints may
increase the prevalence of RLS because, in some {sattidepressant medication may
induce or aggravate RLS (Dorsey et al. 1996; Brown et al. 200%thAf the long-term
risk of RLS is increased by previous use of antidepressadication, as may be
occurring with pregnancy induced RLS, is unknown. A furthe hetween RLS and
depression is the common complaint in both groups @ématwhen seeking treatment -
that of sleep disruption: up to 90% of patients with RL& &0P% of patients with
depression and anxiety complain of various types of insmWinkelmann et al. 2000;
Allen et al 2005). Long term insomnia, such as could be caesshdarily by RLS, may
cause depression even many years after the start msthania complaint (Riemann and
Voderholzer 2003). Thus the relationship between theseliswoders appears quite

complex and may have several origins which have not eéned as yet.
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Even if there is an actual increase in the numberamhen who have RLS, the
consequences of RLS may have more impact in womenrtbresasing the likelihood of

women reporting their sensory disturbance.

3.2. Do more women report Restless Legs Syndrome?

The second major reason why there is a gender biapirgtion studies of RLS may be
because women with RLS are more likely to reportlikerder. There are two possible
reasons for this phenomenon: women may be more isensitthe impact of RLS on

sleep and also to the sensations themselves.

3.2.1 Impact of sensations of RLS on sleep

The influence of gender on the sleep disturbances ocgunripatients with RLS, either
on sleep onset or sleep continuity, has not been athlifowever, the impact of RLS on
sleep generally is significant. In population-based stutietsyeen 70 and 90% of
patients with RLS complain of sleep disruption — eid®n sleep-onset or sleep-

continuity problem (Winkelmann et al 2000, Allen et al 2005).

The effect of RLS on sleep onsetdue partly to the circadian rhythm of RLS sensations,
which are uncomfortable and therefore interfere wighahset of sleep, but mainly due to
the “urge to move” component inherent in the defining charatics. The sensations of

RLS increase in severity in the evening, when comparétetdaytime, particularly
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between 17:00 and 01:00 (Hening et al. 1999; Trenkwalder et al. 19@9nalility of

the RLS sufferer, when the sensations are preseli,gtll and relax will interfere with
the ability to fall asleep without difficulty. The camious movement required to ease the
sensory disturbance thus prevents the sufferer frdimgasleep. The strong association
between RLS and insomnia is shown by a finding where 458/godup of patients
complaining of sleep-onset insomnia were found to have syngbf RLS (Brown et al.
2005). Involuntary movements while awake may also redleep onset as the number of
leg movements occurring during wakefulness correlates pdgitineh increasing

severity of RLS (Garcia-Borruguero et al 2004). Any gendé&rdnce in the circadian
variations, the relationship between the sensationshendrge to move or the

involuntary movements is unknown.

Between 60 and 85% of RLS sufferers also complain of @nablwith sleep continuity

usually defined as waking, often repetitively, during the nfg¥ihkelmann et al. 2000;

Hening et al. 2004a). Often, once woken, the suffererablarto go back to sleep due to
recurrence of the sensory abnormality. The waking dwsiggp is presumed to be caused
by arousals induced by PLM during sleep and women have a gnaatber of leg
movements during sleep, when compared to men (Montplasir £997). The increase

in observed PLM in women is not associated, howeveh avi increase in the

complaints of waking during the night. This disassoarabetween leg movements and
symptoms has been found in many studies (Montplaisit &08l7; Mendelson 1996;

Mahowald 2001). Thus more work is required to determine tadarship between
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waking at night and the number of PLM as well as any gesitferences in these

variables.

The impact of RLS and PLM may be more severe onlédep ©f women because of

subtle underlying differences in sleep between the genGerssistent gender differences

occur in the variables associated with normal sleemfdaand Armitage 1999). Adult
and adolescent women, when compared to men, are algotdkeave up to twice the
prevalence of insomnia in prevalence studies of the ggpepalation (Camhi et al 2000;
Chevalier et al. 1999; Li et al. 2002; Voderholzer et al. 20RBE patients are likely to
express the same sleep disruptive habits and inabilityrtivat pre-sleep thoughts as are
patients with primary insomnia (Edinger 2003). Thus if thenmsia seen in RLS has the
same origins as primary insomnia, which is itself nprevalent in women, then women
with RLS will be more likely to present with insomnighis may be due to a greater
impact of RLS on sleep onset in women but also bec#uséfering from insomnia, by
spending more time in bed trying to fall asleep women beamore likely to be aware of

the RLS sensations.

The gender bias in insomnia may be exacerbated by the daaden depression as
discussed previously, because women are more likely seqravith sleep disturbances
when depressed than are men (Pallesen et al. 2001; ®ine2802). It is also possible
that women are more sensitive to the effects ofmmsa, and therefore report more
distress when compared to men with insomnia confirmetidojack of any difference in

objective criteria between women and men insomniacstdespre severe subjective

29



complaints in women (Voderholzer et al. 2003). Womeh wisomnia also report
increased distress when compared to men with similapleamts (Rosenthal et al. 1994).
It is not clear, however, whether this increased le¥distress is linked to the prevalence

of depression and anxiety.

Thus while RLS / PLM and sleep disruption appear to be lintkedexact relationship is
unclear and the impact of any gender bias is unexploneel cOmponent of the gender
bias in the sleep disruption, particularly at sleep omsay, be due to an increased

sensitivity, in women, to the sensations of RLS treues.

3.2.2 Sensitivity to sensory dysfunction

Sensitivity to a sensory stimulus is usually measureddnns of threshold and tolerance
and has been most clearly defined in the measuremeairofThe sensory threshold is
defined as the minimal intensity of a stimulus requiredptrception (Kandel et al 2000).
There are two distinct components: the capacity ofémsory system to detect the
stimulus, which depends on a sufficient intensity mhslus to produce a train of action
potentials in the sensory nerve, and the responsei@nitevhich depends on an
individuals personal traits to decide whether a stimulpsasent or not (Kandel et al.
2000). Tolerance to a stimulus is the maximum intensitpatfstimulus that can be
tolerated by an individual. As with sensory threshol@réoce to a stimulus is also
influenced by the individual reaction to the sensatpamticularly related to past

experiences (Fillingim et al. 1999).
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Using these criteria for other, possibly painful, sepstimuli, in the analysis of the
sensations of RLS and pain may be justified as betweand®@0% of patients with RLS
comment that their sensations are sometimes paWinkglmann et al. 2000; Allen et al
2005). However, any gender bias related to this perceptionroispanknown. The
literature describing the gender difference in sengjtiaitnoxious stimuli is extensive
and appears to show that women are more sensitive tohagaimen both in
experimental pain settings and medical conditionsciessal with a variety of chronic
pain disorders, such as fiboromyalgia (Unruh 1996; Fillingtral. 1999). A reduced pain
tolerance (increased sensitivity) in women is see fedriety of experimental pain
types, such as heat (Feine et al. 1991), electrical (Watiee Carmody 1998) and
mechanical stimuli (Sarlani and Greenspan 2002). Theisasevidence that much of the
gender differences seen in pain perception occurs icapiag strategies used to deal
with pain (Keogh and Herdenfeldt 2002). Thus, if the sensasimnpainful, the same
biological intensity of pain may affect women patientth RLS more severely than men

with RLS.

Many RLS patients, however, do not complain of painfutagans and studies looking
into gender differences in sensory thresholds apart fhose of pain show contradictory
results. For non-painful stimuli, women were found teeha reduced threshold to
warmth in one study (Fillingim et al. 1999), but not in @neo (Bartlett et al. 1998). No
gender difference has been found in vibration threshiés @nd Denislic 1995;

Lindsell and Griffin 2003). The gender bias is reversed wheasuring the pain
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response to direct pressure exerted on the ulnar nérewnen subjects were found to
be more sensitive than female subjects (Morell €£G03). These results identify gender
differences linked to specific types of sensation which beymportant given the

unusual, and as yet undefined, sensations described by paiigned_S.

The patient descriptions of the sensations of reddgsssyndrome, as highlighted in the
NIH document, appear to be closest to those of para@ssher dysaesthesias but no
work appears to have been done regarding any gender hins tiypie of sensation from
other causes apart from neuropathic pain (Bouhassiraz€i(a). Thus whether the
sensations are painful or non-painful, a gender bias ipgheeption of the sensations

may increase the impact of the sensations in womeen wbmpared to men.

The sensitivity to sensory stimuli may also changié wircadian rhythms which differ
according to the type of pain experienced. Of intesetat the pain associated with
spinal cord pathology has a similar circadian rhythitinéd of the sensations of RLS
(Anke et al 1995). The exacerbation of RLS sensatiotigievening has been linked to
the circadian rhythm of dopamine and the gender differenaigpamine responsiveness
(outlined previously) may increase the severity of #esations in women when

compared to men (Allen 2004; Earley et al 2006).

In conclusion, various components of the RLS disordey produce more common

symptoms (in the case of genetic factors and prediggtat co-existing conditions) or

more severe symptoms (in the case of sleep disturbadao@sponse to sensations) in
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women patients when compared to men. Each one ofctesadescribed above may
occur in isolation or in combination. The relative tdgiutions of these various factors to

the reported gender bias in RLS have not been studied.
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CHAPTER 4

PAPER 1: A Bentley, K Rosman, D Mitchell. Gender differences in
the presentation of subjects with restless legs syndrome (2006).

Sleep Medicine 7: 37-41,
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Abstract

Background and purpose: To better understand the origin of the disproportionate number of women in previous treatment studies of patients
with restless legs syndrome (RLS).

Patients and methods: We conducted a survey in a self-selected group of patients who responded to print and radio recruiting advertisements
regarding a clinical trial for RLS. Subjects completed a questionnaire which solicited information on presenting features of RLS, sleep-
related symptoms, co-morbidities and family history.

Results: A total of 158 (63% female) subjects with a mean age of 49 (£ 16) years fulfilled the criteria for putative diagnosis of RLS and
participated in the study. There was no gender bias as far as duration of RLS, incidence of family history, number of affected days per week,
or severity of daytime sleepiness was concerned. There was a subtle gender bias in sleep-related symptoms (involuntary movements when
awake, sleep onset difficulties and frequent wakings at night) where a disproportionately high number of women subjects presented with all
three symptoms. For any one symptom, or any pair of symptoms, there were no gender differences. Women also were more likely to present
with co-existent hypothyroidism. Both male and female subjects were more likely to recall female relatives affected with RLS.
Conclusions: Gender differences associated with symptom load, co-morbidities of RLS and possible patterns of inheritance may contribute to

increased numbers of women presenting for treatment of RLS.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Restless legs syndrome; Sleep disorder symptoms; Family history; Gender bias

1. Introduction

Many large cohort studies of subjects presenting for
treatment of restless legs syndrome (RLS) have shown a
disproportionate number of female subjects [1-3]. While
there is a tendency for prevalence studies [4-9] to confirm
this tendency, other potential contributors to any gender bias
at presentation, if it is valid, have not been adequately
explored.

One possible basis for the perceived gender bias is
the impact of RLS on sleep. Disturbances in sleep onset

* Corresponding author. Tel.: +27 11 717 2453; fax: +27 11 643 2765.
E-mail address: bentleyaj @physiology.wits.ac.za (A.J. Bentley).

1389-9457/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/.sleep.2005.03.004

and sleep continuity have been a consistent and common
finding in RLS subjects [8,10].

The increased impact of RLS on sleep in women may be
partly explained by the nature of the sensory symptoms of
RLS. The sensations of RLS are characterised by some
patients as paraesthesias or frank pain [10,15]. If, as has
been previously reported, women have a lower threshold
and tolerance to pain [16], as well as being more worried
and irritated by clinical pain [17], then women with RLS
may be more compromised by the sensations of RLS, have
more distress and, by implication, be more likely to present
for treatment of RLS.

A greater impact of RLS on sleep may be associated with
duration of symptoms. Other authors have noted that many
RLS sufferers report worsening of the symptoms over time
[9,10]. This may be interpreted as having a gradually
increasing impact on sleep and may display a gender bias.
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Consistent gender differences have also been found in the
attributes of both normal and abnormal sleep itself [11].
General population studies have indicated that women have
about twice the prevalence of insomnia as men have [12,13]
and report increased distress when compared to men with
similar complaints [14].

Thus, women are more likely to have sleep disruption,
and to be more compromised by their insomnia and RLS,
than men are. If there is a link between RLS and
consequential sleep disorder, disproportionately more
women may present for treatment.

A second contribution to the gender bias may be
related to co-morbidities of RLS, which have intrinsic
gender biases. Common psychological disorders, such as
depression or anxiety, which have a higher prevalence in
women, may either aggravate the symptoms and distress
of RLS [5] or provide a secondary cause for insomnia, so
increasing the likelihood of RLS being reported. Patients
with RLS are more likely to show depressive and
anxiety symptoms [18] than are control subjects, and
female RLS patients take more antidepressant medi-
cations than do men with RLS [19]. Thus, the impact of
RLS on sleep may be increased in women through the
presence of a secondary condition with an inherent
gender bias.

Patterns of inheritance, as suggested by prevalence data,
may provide a third reason for the increased numbers of
women in treatment studies. The genetic transmission of
RLS may compromise women but available evidence is
equivocal. Previous studies have shown a higher female-to-
female transmission of the condition [20] but also denied a
gender difference in transmission [21] within isolated
families. If the transmission of RLS is sex-linked and
compromises women then there will be a disproportionate
number of women with RLS in the general population thus
increasing the likelihood of women presenting for
treatment.

In order to further explore any possible gender bias in
South African patients we investigated sleep-related
symptoms, co-morbidity and family history in subjects
who fulfilled the diagnostic criteria for RLS and were
sufficiently concerned about their condition to respond to
advertisements we placed in lay media, recruiting volun-
teers for research.

2. Materials and methods

2.1. Subjects

The results are based on analysis of questionnaires
completed by subjects who had previously responded to
advertisements either printed in a University periodical
(n=13) or broadcast on a local radio station soliciting
volunteers for a clinical trial (n = 145). The area of reach for

both adverts was a multi-cultural, densely populated area of
South Africa.

2.2. Questionnaire

Questionnaires were faxed or mailed to respondents,
completed and returned. Questionnaires were included in
subsequent analysis only if the subject responded in the
affirmative to all of the following four questions, as
suggested in the revised diagnostic criteria of the Inter-
national RLS Study Group (IRLSSG) [15,22].

e Do you ever get an uncomfortable sensation in your
lower legs (below the knees), which makes you want to
move your legs after sitting still for only a short while?

e Does the sensation go away (even partly) when you move
your legs?

o [s the sensation worse at night compared to the daytime?

e Does the sensation only occur when your legs are resting,
e.g. lying down or sitting still?

Those subjects who responded in the affirmative to these
questions were indeed highly likely to have clinical RLS
was confirmed by diagnostic interviews with 20 of the
subjects, by a clinician with 10 years experience in the
disorder, after completion of the questionnaire.

The questionnaire solicited data in four main areas:
demographic data (including current age, frequency of RLS
symptoms and age of onset of RLS), RLS-related sleep
complaints (specifically difficulty in falling asleep, waking
during the night and involuntary movements while awake),
any known co-morbid medical disorder and family history
of RLS. The Epworth Sleepiness Scale (ESS) [23] was
appended to the questionnaire to assess daytime sleepiness.

2.3. Ethical clearance

The study design, including the questionnaire and the
radio advertisement were approved by the University of the
Witwatersrand Ethics Committee for work on Human
Subjects.

2.4. Data analysis

Fisher’s Exact Test applied to contingency tables was
used for analysis of data. The Mann—Whitney test was used
to assess gender differences in current age, duration of
symptoms and ESS scores. The relationship between sleep
disturbance and duration of symptoms was analysed with a
non-parametric analysis of variance (ANOVA).

3. Results

A total of 158 subjects, 95% of whom had Caucasian
ancestry, and 63% of whom were women, fulfilled
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Table 1
Demographic data for the total population of RLS subjects as well as
divided by gender

Feature Total Males Females P
(n=158) (n=58) (n=100) value

Current age (mean=SD) 49%16 50+14 49+17 ns

RLS symptoms >4 days 86 85 87 ns

per week (% of patients)

Known family history 63 54 68 ns

(% of patients)

Ratio of female to 2.3 1.6 29 ns

male-affected relatives

ESS score 8.3+5.0 9.0+49 79+5.1 ns

ESS, Epworth Sleepiness Scale. P value indicates difference between
genders using either Mann-Whitney test (age and ESS) or Fisher exact
(significance P <C0.05).

Table 2
Prevalence of individual symptoms and symptom combinations for the total
population as well as differences between male and female subjects

Symptoms Total Males Females P value

(n=155) (n=58) (rn=97) for gender
difference

Involuntary movements 14 (9) 6 (10) 8 (8) ns

while awake

Sleep onset difficulties 5@3) 3(5) 22 ns

Waking during the night 8 (5) 4(7) 4@ ns

Any two symptoms 59 (38) 26 (45) 33 (34) ns

All three symptoms 66 (43) 18 (31) 48 (50) <0.05

None 3(2) 12 2(2) ns

Significance P <0.05. Numbers in brackets indicate percentages.

the criteria for analysis of the questionnaire. Table 1
shows demographic data related to the subjects current
age, daytime sleepiness and RLS status: there were no
statistically significant gender differences in any of the
demographic variables listed. Of all the subjects with RLS,
63% were aware of a positive family history of the
condition, but there was no difference in gender. The
increased proportion of female-affected relatives compared
to male-affected relatives was significant (P<0.05) for
both female and male subjects.

Table 2 shows an analysis of gender differences in the
three sleep-related symptoms included in the questionnaire.
More than two-thirds of subjects identified that they suffered

from the sleep-related symptoms. However, a minority
(17%) complained of a single symptom, 38% had two
symptoms and the greatest proportion (43%) had all three
symptoms. Though they fulfilled the criteria for diagnosis of
RLS, 2% of the patients had none of the three sleep-related
symptoms.

There was no statistically significant gender bias in the
subjects who presented with isolated symptoms nor in those
presenting with any pairs of symptoms. However, among
those subjects presenting with all three sleep-related
symptoms, there was a significantly increased number of
women.

The duration of RLS symptoms for the total population
as well as different genders is indicated in Fig. 1. The
majority of patients had been aware of symptoms for less
than 15 years and there was no significant gender bias.
There was no significant relationship between number of
symptoms and duration of RLS for the total population or
between genders.

Our analysis of co-morbidity in the subjects fulfilling
the criteria for RLS showed that a significantly greater
proportion of female subjects compared to male subjects
had been diagnosed with hypothyroidism; in fact none of
our male subjects had hypothyroidism (Fig. 2). There was
no gender bias in prevalence for any of the other
associated conditions. There was a high incidence of
back injury (39%) in both genders and the injury
occurred before the onset of RLS in 59% of these
subjects. The overall incidence of anxiety (2%) and
depression (8%) was low.

4. Discussion

We have investigated, by questionnaire analysis, a cohort
of subjects previously recruited from responses to print and
radio advertisements with a putative diagnosis of RLS as
defined by the International RLS Study Group. Due to the
high percentage of women responding, we looked for any
gender bias in a variety of presenting features, but for most
of the variables we assessed there was no gender bias.

We were able to detect a gender bias in sleep-related
symptoms, but it was subtle. No single symptom nor pair of

Distribution of duration of RLS symptoms
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Fig. 1. The distribution of duration of RLS symptoms by gender.
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Fig. 2. Gender differences in previously diagnosed associated complaints in
subjects presenting with restless legs syndrome. *Significantly different

P<0.05.

symptoms differed in prevalence between men and women,
but a high total proportion and disproportionately more
women were likely to present with all three symptoms
analysed than were men. These findings were, however, not
related to the duration of RLS symptoms. We also identified
a disproportionate increase in previously diagnosed
hypothyroidism in female subjects, but no gender bias in
seven other associated complaints. In addition, both male
and female subjects were more aware of female-affected
relatives than of male-affected relatives.

The high proportion of subjects with all three sleep-
related symptoms may have been the results of the method
of sampling, as a higher symptom load would increase the
likelihood of response to our advertisements. Other
limitations of this study are the disproportionate number
of Caucasian patients in an area of the world where
Caucasians form a minority of the population at large,
the small sample size and the wording of the questions. Both
adverts reach a multi-cultural population, but the high
Caucasian selection may be due to many factors which
could include ethnic differences in the incidence of RLS or
differing impacts of RLS on lifestyle. The small sample size
may have increased the number of statistical errors and may
explain why male subjects did not have significantly fewer
symptoms than female subjects. The wording of some of the
questions differed from the original International RLS Study
Group (IRLSSG) questions in order to reflect local language
restraints, and this may have influenced the diagnostic
accuracy.

The gender bias in sleep complaints with RLS is similar
to the gender bias found in other types of insomnia. This
partially confirms our proposal that female subjects with
RLS are likely to have more sleep disturbance than male
subjects with RLS. Ours is the first study to describe the
multiple symptom combinations in this fashion. We did not,
however, confirm our suspicion that increasing duration of
symptoms played any role in the gender bias observed or
even in symptom load.

We also had proposed that any differences in the gender
presentation of RLS may have been the result of a gender
bias in co-morbid medical disorders. However, with the
exception of hypothyroidism, our women subjects with RLS

were no more or less likely to have co-morbidities with a
gender bias than were our men subjects. It is therefore
unlikely that artefacts resulting from co-morbidities con-
tribute to observed gender bias in RLS.

The high incidence of associated back injuries, particu-
larly those occurring before the onset of RLS, raises a
potential role for spinal cord injury in the initiation or
development of RLS. The relationship of frequent co-
morbidities, and particularly back injury, to RLS requires
further study.

Our third hypothesis involved the inheritance pattern of
RLS. As has been reported in previous studies [9,24],
approximately two-thirds of our subjects were aware of a
family history of RLS. Ours is the first study, however, to
report a female dominance in the affected family members
whom the subjects recall. Ongoing genetic studies
may explain the basis of this gender dominance. However,
the trends we found in reported family history may have
been based on better communication about symptoms by
female patients to their families or on women being more
severely affected by the disorder.

Future studies need to explore the combinations of sleep-
related symptoms further, and their relationship to the
perceived severity of RLS as well as the possible reasons for
the high response among the Caucasian population in South
Africa.

In conclusion, we have shown that patients fulfilling a
putative diagnosis for RLS and seeking help are more likely
to be women and have a higher sleep-related symptom load
despite no difference in duration of RLS symptoms. There is
also a perceived preponderance of female relatives with
RLS in both genders. This data supports our original
hypothesis and advances explanation for the increased
prevalence of women in RLS treatment studies.
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CHAPTER 5

SPONTANEOUS SENSATIONS AND MOTOR EVENTS
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By definition, both the sensory disturbance of RLS &edmotor events of PLM are
spontaneous in nature. Spontaneous activity of the nersgstem implies a general

increase in the excitability of the neurones in theére¢nervous system.

Excitability of a neuron refers to the tendency ofriearonal membrane to produce a
train of action potentials (Devor 2006). An increasegényexcitability of a neuron
would imply that the resting membrane potential is nedfyf depolarised compared to the
normal state. If the resting potential is raised hilt&low the threshold potential for
action potential creation, then any sub-thresholdudtimmay be able to move the
potential to reach threshold and start a train of agi@entials producing an exaggerated
response to the stimulus. If the resting membrane patendepolarised above the
threshold potential then spontaneous action potentials @chich may then produce

spontaneous sensations or motor events.

In an axon an increase in excitability is caused blyaange in ionic flux within the

neuron allowing more ions (usually sodium) to cross thelnane causing
depolarisation of the membrane. The impact of an isergasodium channel
permeability, creating a pacemaker effect in the neuras been well documented and is
considered to be the likely mechanism in the creati@pohtaneous neuropathic pain as
well as the mechanism, presumably, for paraesthesibdysaesthesias (Devor 2006).
This increase in sodium flux across neuronal memisraare occur due to changes in
general ion concentrations within the body but thisnkkely to be important in the

pathogenesis of RLS and PLM. Of more importance to te@udsion is a possible
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change in the balance of incoming synaptic potentiglsemeurones in question in
favour of more excitatory potentials or less inhibitpogentials. This may occur due to
loss of inhibitory synapses or an increase in excigaggnapses or a combination of both
mechanisms either by loss of neurones themselveseobglshanges in neurotransmitter

concentrations.

Whatever the underlying mechanisms, to create the combisedidr of RLS and PLM,
the increased excitability must occur in both the sgnand motor system in a similar
fashion to that occurring in spinal injury patients (Finnestupl 2003; Trenkwalder and

Paulus 2004).

5.1 Increased excitability of the sensory system.

As in other sensory research it is in the nocicegiatways where most research into
the phenomena of both exaggerated response to stimihe form of hyperalgesia and
allodynia, as well as spontaneous events, in the ddqparaesthesias, dysaesthesias and
frank pain has been carried out. Given the possibleortiip between pain and RLS it
may be justified to use these principles in the cdraéthe sensory phenomena

associated with the disorder of RLS.
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5.1.1 Exaggerated response to stimuli - allodynia and hyperalgesia

If, as occurs in a state of increased excitabilitynsmeurons of the nociceptive pathway
are relatively depolarized (sensitized) before the agjidin of a stimulus then a
relatively exaggerated response to that stimulus is eeghedtresponse from a usually
non-noxious stimulus can be upgraded to the point whersiginal is perceived as
noxious — termed allodynidf the intensity of pain from a usually painful stimaslis
enhanced so that the stimulus appears to be more pdiafuirt the normal state then the
condition is referred to as hyperalge@eyer et al 2006). Most typically both allodynia
and hyperalgesia occur when there is central sensitizatithe spinal cord in patients
with chronic pain or spinal cord injury (Tracey 2005; Suzilal 2004; Finnerup et al
2003). Allodynia produced by either tactile, thermal or mead stimuli and
hyperalgesia produced by either punctuate, mechanical or dysamidi are typical

features of many types of both acute and chronic pain€Metyal 2006).

Due to a common underlying mechanism allodynia and hyperalges@ten associated

with spontaneous sensations such as paraesthesiasthiysassand frank pain.

5.1.2 Spontaneous activity - paraesthesias, dysaesthesias anchpai

Various, slightly different, definitions of these spor@ans sensory events are in use.

Paraesthesias can be defined as “spontaneous sensgatirang external stimuli which

are abnormal and frequently unpleasant” (Kandel et al. 200@) European Federation
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of Neurological Societies defines paraesthesias as fatadut_notunpleasant” when

compared to dysaesthesias which are “abnormatapttasant” (Cruccu et al. 2004).

Paraesthesias and dysaesthesias are traditionallybgeisir patients with pain due to
neurological lesions (neuropathic pain) such as those oagunrperipheral nerves, as in
carpal tunnel syndrome (Nora et al. 2005) or more ceniraityultiple sclerosis (Beiske
et al. 2004), and spinal cord damage (Beric et al. 1988; Fineealp2003). The
presence of these spontaneous sensations in painfulicoad# useful to discriminate
between neuropathic and nociceptive pain (Boivie 2006). Invacy rarely are
paraesthesias and dysaesthesias considered or measuchasdent entities. The
origin of paraesthesias and dysaesthesias is presormedsame as that for pain in
neuropathic pain states as a chronic axonal injury leadinganges in Na+ channels
resulting in ectopic impulses (Rizzo et al. 1996; Devor 200&0If 2004). Plastic
changes may also occur in the neurons of the spindlcausing central sensitization

thus increasing the responsiveness of the sensory s{@ianmson 1997).

The unusual modalities of sensations observed in paraesttand dysaesthesias may be
explained by the unusual origin of the impulses. Sens#mes are usually coded by the
specificity of peripheral recptors involved in the getieraof such impulses. Sensory
neurons once in the spinal cord, however, carry meltippdalities of sensation and
spontaneous activity in such a group of such diverse neuiroag then lack the
appropriate coding for modality and intensity usually supdhg the receptors. The

information received by the higher centres of the sgrsgtem would then be abnormal
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in format and thus abnormal sensations may be percdivedumably, the more
nociceptive neurons involved in this generalised ectopigigcthe more unpleasant the
sensation becomes. Research on this topic is lagkiagibly due to the lack of a
measurement tool both to assess the quality of thetgmrsdescribed as paraesthesias
and dysaesthesias, and to determine the links betweensdesations and neuropathic

pain.

5.1.3. Measuring sensory events

Measuring sensations has really focussed on those assowiéth pain, including
allodynia and hyperalgesia, as being the most clinioalhortant sensation. Thus various
subjective scales have been created ranging from timesuisual analogue scale, or
numerical scales or those using words which are priyndessigned to measure the
intensity of pain only (Melzack and Katz 2006). Measureroéptin threshold and
tolerance as well as allodynia and hyperalgesia invahesise of various pain
algometers to induce a painful stimulus in order to providenaenical value to the pain

perceived.

The techniques to document the presence of allodynia gafdigesia involve the use of
experimental stimulation of the nociceptive and/or-noniceptive pathways such as the
application of von Frey hairs (for tactile sensationjhermodes (for thermal sensations)

(Meyer et al 2006). The intensity of the pain inducedi®gared, using subjective
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scales, to other non-affected parts of the body or alsabjects and if higher than

expected indicates the presence of allodynia or hypesialge

In the field of spontaneous sensations that are not pdafuhay occur in painful
conditions there are currently no specific measurintgsda assess the nature or
descriptive qualities. The presence or absence of phesés and dysaestheias are
included in longer scales to measure neuropathic pain suchtesNeuropathic Pain

Symptoms Inventory (Bouhassira et al. 2004).

In the search for such a measuring tool for these sgasents, their association with
neuropathic pain is most fortunate. There are many toote#sure pain and using such
tools to measure these non-painful sensations may pihéfleasuring only the
intensity of pain or using tools that assume pain isgotesould not be appropriate if
pain is absent such as in most cases of RLS. A mefalissale would be one which
relied more on qualitative criteria such as the desonpaf sensations used in the McGill
Pain Questionnaire (Melzack 1975) (see Appendix 1). The MP&ih Questionnaire
(MPQ) was the first validated questionnaire to recogrieausefulness of the patients’
description of painful sensations to define both the dfgEain present as well as the
severity of the pain. Originally developed from patiergadptions of painful
experiences the scale has been used for 30 years witfewvemodifications apart from a
shortened version (Wright et al. 2001). The scale is fssdabth qualitative as well as

guantitative assessment of painful conditions includiegsuring the reduction in
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intensity of pain one would expect to find in responseegatment (Melzack and Katz

2006).

The scale consists of 78 words divided into 20 groups diffetedtlay perceived type of
pain. Subjects choose one or no word from each groupfiSagrge is given to a
particular word if more than 30% of respondents agreethiadescription is valid for
that type of pain. This is a relatively low number amay not be high enough; however,
the 30% value has been used quite extensively and appearadoepeable. Different
combinations of verbal descriptors have been found to accliiferent painful
conditions but attempts to differentiate between n@tice or neuropathic pain have not
been very successful. (Dubuisson and Melzack 1976). Desfateof work in the field
authors disagree on the words that may be diagnostieuwbpathic pain. Some of the

suggested words include:

Throbbing, stabbing, sharp, burning (Dubuisson and Melzack 1976),
Shooting, Stabbing, electric shocks (Bouhassira et al. 2004)

Tingling and “pins and needles” (Siddal and McClelland 2006)

It is not clear from the papers attempting to descrilbeapathic pain whether the non-
painful phenomena associated with neuropathic pain werededbr included in the
choice of descriptive words. If the descriptive charasties associated with
paraesthesias and dysaesthesias were not measungendeetly from those associated

with the underlying pain then the inclusion of these twiersiht types of sensation may
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explain the confusion in the neuropathic pain literatuagieRts with neuropathic pain
plus paraesthesias and dysaesthesias may have a a@ymhiiéérent sensory experience
compared to those patients who just have pain. Therdyi©oe study, in patients with
painful and non-painful phantom limb pain, where the MR® lteen used which showed
similar words chosen by both groups of subjects (Katz agdddk 1991). Thus routine
measurement of these sensations is not reported. Addleid toncertainty is the well
known phenomenon regarding the uniqueness of the individsidnse to any noxious
stimulus possibly due to previous experiences of pain (Melk@¢5; Melzack and Katz
2006). So for an identical peripheral pain stimulus, su¢hase provided in the

experimental situation, differing descriptions of that pdisfimulus may be obtained.

As well as purely descriptive data, two severity indicas be calculated from the MPQ
either by adding the total number of words chosen or addengum of the ranks of each
word chosen within each group. These severity indiceslysimatelate quite well with
intensity scores gained from the use of other scaldsasithe visual analogue scale.
Thus, if the MPQ is able to measure paraesthesias aaddllissias in a descriptive
sense, it may be possible to measure changes in geyfetiese non-painful phenomena

as well.

Apart from the purely subjective assessment of sensasiomdicated above, the response
of central sites in the nervous system involved intberpretation of various sensations
to sensory stimuli can be measured objectively. Wotkigharea has focussed on

imaging techniques such as the scanning procedures associatédingtional Magnetic
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Resonance (fMRI) and Positon Emittance Tomography (PE{iing studies on pain
there is increased activity of many areas of the brailading the thalamus, many areas
of the cortex, basal ganglia, cerebellum, the amygdadl hippocampus (Tracey 2005).
The specific areas activated depend on the type of paiwlagither the pain experience

is chronic or experimental.

Another way to investigate sensations is to look atriveat modalities which are used to
reduce the severity of sensations and then use the m&ehaf action of such drugs to
understand underlying pathogenesis. As mentioned previoasbesthesias and
dysaesthesias are most usually found with neuropathictpasyesolution of painful

and non-painful sensations with common treatment opti@yssuggest similarities in
origin. Effective treatment of neuropathic pain includesuhe of the anticonvulsants
gabapentin and carbemazepine which act by blocking sachammels in neurones or
induce changes in GABA related pathways (Sindrup and JensenZ98énba et al
2006). Anti-depressants such as amitryptiline are demonsgtébbtive in treating
neuropathic pain (Sindrup and Jensen 2001). The impact oésdl trugs on the non-

painful components of neuropathic pain is unknown.

The lack of adequate measuring tools for non-painful semsafiom any source has, |

believe, compromised the measurement and understanding sénsations associated

with RLS.
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5.1.4 Measurement of the sensory dysfunction of RLS

There has been a distinct lack of formal measurewofahie sensations of RLS or
comparison of the sensations of RLS to those occuminghier clinical states. Evidence
of a hyperexcitable state within the central nervouseaysnay imply a similar origin to

those of paraesthesias and dysaesthesias.

The hyperexcitable spinal cord origin of the sensatioLS is suggested by the
induction of RLS in various spinal conditions such as lusabeal radiculopathy (Walters
et al. 1996), degenerative spondylolisthesis (Frymoyer 19@4{ransverse myelitis
(Brown et al. 2000). Thus the concept of the sensatibR&$ being created by ectopic
impulses in a hyperexcitable spinal cord may be a vakd(drenkwalder and Paulus

2004).

Descriptive assessment or any measurement of the iseissat RLS has not been
reported. Anecdotal reports from sufferers of RLS deedtike sensations as unusual and
difficult to describe. Descriptive words such as tinglitegring, tightening (Wetter and
Pollmacher 1997), jittery, creepy crawly, shock-like (¥daisir et al. 2005) as well as
pulling and crawling (Winkelmann et al. 2000) are used. A bulfedim the National
Institute of Health gives the following terms to deserRLS: creeping, crawling, itching,
burning, searing, tugging, indescribable, pulling, drawing, achingpaind Thorpy

2000). Some sufferers prefer to use phrases such as “lédeancal current”, and “like

worms or bugs crawling under my skin” to describe these unasuaétions. The
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apparently unique sensations described by individual patisaygde explained in a
similar fashion to that of ectopic impulses from mudtipensory neurones similar to
those occurring in neuropathic pain (Bouhassira et al 2004;\2004; Devor 2006).
No prevalence data or relation to severity of RLStliervarious words given in the
descriptions above has been reported and no researisl onderlying mechanisms
within the spinal cord, or other areas, such as has beenfdoneuropathic pain, has

been performed in patients with RLS.

The severity of RLS has been measured using three diffecales. The first, a visual
analogue scale uses similar anchor points to thosdrodpd can be used quite
successfully (Tribl 2005). The second, the John Hopkins gggeale is limited to a
single question, the time of day when the sensationfirstr@oticed, but is still valid as a
measure of severity (Allen and Earley 2001). The thirdesdaVeloped by the
International Restless Legs Syndrome Study Group (IRL$SEH ten questions
including many related to the impact of RLS on quality fefto assess severity (Walters
et al 2003). None of these assessment tools use theptiessrbf the sensations
themselves as part of the severity indices and thusyated in a similar fashion to the

simple scales used for measuring pain.

A similarity between the spontaneous sensations usasslyciated with neuropathic pain
and those of RLS has been suggested. The Internatiestéss Legs Syndrome Study
Group (IRLSSG) elected at one stage to call the speatensensations associated with

RLS paraesthesias or dysaesthesias noting, howevethéhsensations of some patients
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could not be classified in this manner (Walters 1995). Tli¢ pénel on RLS re-defined
the sensations as “unpleasant and uncomfortable” bainmed from calling them
paraesthesias and/or dysaesthesias (Allen et al. 20@8asEbciation of
“unpleasantness”, being the presence of a negative@rabtomponent to a sensation,
is most commonly associated with pain as expressed bgtdr@ational Association for
the Study of Pain (IASP): “Pain is an unpleassarisory and emotional experience
associated with actual or potential tissue damage,serided in terms of such damage”
(Merskey 1991). However, only 40% of patients with RLS dbsdfieir sensations as
frankly painful (Winkelmann et al. 2000). However, the casigen of non-painful
perceptions to those which are painful occurs fairly reyuia clinical pain settings such
as in allodynia (Meyer et al 2006). Thus painful RLS meypsy represent an increased
severity of the non-painful version of RLS. Anotlferly unique quality of the sensory
disturbances associated with RLS is the urge to mowved®r to escape the sensations.
This quality is unusual for sensory experiences and ¢ialse®n described for any other
paraesthesias and dysaesthesias, such as associatadumdpathic pain, but forms part
of the definition of the sensation of tickle and p&selif (Melzack and Katz 2006; Selden

2004).

A further link to pain has been suggested in a study repomiadpormality in pain
processing in RLS patients with the finding of mecharhigpkeralgesia, without tactile
allodynia (Stiasny-Kolster et al. 2004). Mechanical hylgessia occurs in patients with
neuropathic pain but is usually associated with tactitelgfiia. The presence of one

without the other in patients with RLS indicates a uniype of sensory abnormality but
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a sensation that may, nevertheless, have some dmeuropathic pain. Interestingly, the
hyperalgesia was found in both the hands and feet whilRltBesymptoms were limited
to the feet, suggesting a wide ranging change in the stéte spinal cord in these

patients (Stiasny-Kolster et al. 2004).

When using treatment modalities to compare sensatiome, dhe many similarities
between treatments providing relief from the sensatd®lS and those providing relief
from painful conditions. Medications used to treat pachsas codeine (Walters et al.
1993) and the anti-convulsants Gabapentin (Garcia-Borregusmmsa et al. 2002) and
carbemazapine (Zucconi, Coccagna et al. 1989) used for néucopain have all been
successfully used to reduce the sensory symptoms associdtélL\8. Discordant with
this theory is the prominent use of antidepressantsabrearopathic pain, and the
conflicting data for the impact of antidepressants orsémsory discomfort associated
with RLS (Dorsey et al. 1996; Sindrup and Jensen 1999; Mid®808). Another
treatment link to pain, although slightly different st the use of non-opioid analgesics,
presumably for painful conditions, may in fact be a r&ttdr for development of RLS

(Leutgeb and Martus 2002).

The imaging studies of central sensory areas thatlteem done in subjects with RLS
show a similar pattern to those of pain. There areeases in activity on functional MRI
within the thalamus during the sensations of RLS and changegional blood flow
favouring those areas of the caudate and cingulate gywatiyuassociated with painful

conditions (San Pedro et al. 1998; Bucher et al. 1997).
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To determine whether a new sensation, such as that imgcurRLS, fulfils the criteria
for paraesthesias, dysaesthesias or even pain, andywbaf pain, there needs to be a
specific and discriminatory measuring tool. Given the adormal assessment of non-
painful paraesthesias and dysaesthesias of othersitigsndifficult to compare the
sensations associated with RLS with these sensab@sgite the lack of data using the
word descriptors contained in the MPQ for non-painfakagions the questionnaire has
been used successfully in painful RLS (von Spiczak 20@b). If we consider that the
painful and non-painful sensations in RLS may form ainauntn, both in clinical
symptoms and pathophysiological mechanisms, similar tartheeuropathic pain, there
is no reason why the MPQ should not be used to assesen-painful sensations. Using
this questionnaire to describe the sensations associdateRMS and comparing this
description to other spontaneous sensations as wellrasnpgihelp define the type of
sensation experienced in RLS. The similarity offtipperalgesia to that of neuropathic
pain and the presence of painful RLS in a significanonitynof RLS patients would
suggest that the RLS sensations may originate in theamptive pathways thus validating
the use of the MPQ to measure such sensations. Addlyiothe data could confirm or
reject any link to neuropathic pain which could aid in undexding the source and the
neurotransmitters involved which may then aid in bgit@rmaceutical targets for

treatment.

In conclusion, the evidence in regards to the serdiscpmfort associated with RLS

would tend to indicate that there is an increased exditainilthe nervous system
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creating exaggerated and spontaneous sensations very sintilase of pain. These
sensations have, however, not been adequately measutgdiparto the lack of a
validated measuring instrument. Further, if one accept&itatand PLM are one
condition, this would imply that the motor phenomessoaiated with PLM must be
explained by the same hyperexcitability as would explairs¢émsory phenomena of

RLS.

5.2 Increased excitability of the motor system.

Hyperexcitability in the neurones of the motor pathwagsiidl produce similar events
such as those described above in the sensory systhraxaiggerated responses to
stimuli and spontaneous events. In the motor systeraxthggerated response to stimuli
is seen as hyperreflexia, and spontaneous activity wouldrgras involuntary muscle

activity.

5.2.1 Exaggerated response to stimuli - Hyperreflexia

The most common cause of hyperexcitability of the nes\&ystem is in the case of
separation of the spinal cord from higher centres afrobsuch as occurs in an upper
motor neurone lesion. In such cases a classical tetisigns is observed: increased deep
tendon and other reflexes (hyperreflexia), release of ywamieflexes such as a Babinski
sign, increased muscle tone and spasticity (Kandél 20@0; Ditunno et al. 2004).

These signs result from an increased excitability @fsgninal cord caused both by a loss
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of inhibitory impulses as well as synaptic plasticitg énus upregulation in the response
of the synapses to neurotransmitters (Ditunno et al 200¥) given stimulus, such as
stretch of the muscle spindles in the quadriceps maaciges an exaggerated reflex. In
the case of the plantar reflex, whereas the noresglonse to stimulation of the sole is
plantar flexion of the toes, in the case of theasd, or hyperexcitable, spinal cord, the

toes dorsiflex instead — producing the primitive reflexiwnas the Babinski sign.

5.2.2 Spontaneous activity — leg movements

Spontaneous activity within the motor system can origifratm various areas. The two
areas which have been most well researched are thtise spinal cord and the basal

ganglia.

Research in the 1950’s and 60’s showed that the spinal @zdapable of creating
movement plans without higher centre control (as citédriliner 1985). The
movements so created were rhythmical, repetitive andatigred and mimicked
locomotion. Since that time these rhythmical movembat®& been extensively studied
and are now called central pattern generators (CPG#nge1985). Locomotor CPGs
have been found in many animals particularly lower eates but also in rats, cats and
putatively in humans as well (Capaday 2002; Dietz 2003). The c@RSists of a local
network of neurons within the spinal cord which, whenvatéd, is capable of producing
movements similar to those occurring during voluntacgtootion (Grillner 1985).

Sensory feedback from the stretch of the propriocepiothe hip joint can induce
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activation of the CPGs and locomotion in an animéhwichronic spinal cord lesion
(Kandel et al. 2000). Though not strictly “spontaneoushayg tequire some sensory
stimulus, various relatively complicated motor pattenesself-contained within the

lower segments of the spinal cord and could be triggggedtaneously by a general

increase in spinal cord excitability.

Involuntary movements are most often associatedlestbns of the basal ganglia which
comprise a group of nuclei located around the lateralicéegrof the cerebrum. The
interactions of these ganglia are involved in contfahotor function particularly in the
selection and termination of motor programs (Grillrtesl€2005). Loss of
neurotransmitters or neurones in particular areapaiuce involuntary (spontaneous)
movements ranging from chorea and tremor to ballismg®kéeal 2002). The type of

movement created depends on the area and neurotranstifitéed.

Less often the brainstem can be involved in the creatiocnvoluntary movements as
seen in lesions located in the pontine tegmentum whmthyge involuntary stepping
movements (Lee et al 2005). This is confirmed by the produofistepping movements
in animal models during direct electrical stimulatiortttd mesencephalic locomotor

region of the brainstem (Griliner 1985).

Thus an increase in excitability of the neurons in@frthese three regions can

theoretically produce spontaneous movements in the llowes of a similar complexity
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to that described in PLM. In order to document and deficd spontaneous motor

events useful and accurate measurements are required.

5.2.3. Measuring motor events

A detailed analysis of all the techniques available tosomeadifferential activity within
the entire motor system is beyond the scope of thiswe Many of the techniques used,
for example in gait analysis, cannot be used during $tequurely logistical reasons. |
have concentrated, therefore, on those techniquesithat have already been used or

could possibly still be used in research on periodic hnolyements.

Probably the first method of measuring motor events wastch and describe the
movement which, although potentially useful, only providedewe of the final output
of the entire motor event. The actual movement prodwscedly one part of a
complicated sequence initiated by activity in motor centrélse brain and basal ganglia,
transmission of a signal through the spinal cord/ bramsreception of an electrical
event by the muscle which then may or may not reswtmovement visible to the naked
eye. Thus the activity at various points of this motdhyay particularly within the
higher centres and at the level of the muscle shaltidasured objectively in order to

gain more insight into the various components thabgwoduce the final motor event..

Activity within the initiating motor centres of the cextand basal ganglia as well as co-

ordinating centres such as the cerebellum can be mdassing scanning procedures
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such as Functional Magnetic Resonance (fMRI) and i@osEmission Tomography
(PET). The exact techniques are beyond the scope aéthéwv, but by gaining insight
into changes in activity within various motor centres riélative contributions of each
particular centre during any particular movement caassessed. It is, of course,

problematic, but not impossible, to employ such techniquasgisieep.

While the propagation of an electrical impulse to allrthescle fibres and the shortening
of the muscle to change the position of bones and jametsby necessity, related they are
not interchangeable. An electrical signal may be orade, and indicate a motor
sequence, but have too small an amplitude to produce aeusdiement. Thus the final
output at the level of the muscle can be measured diyhigre electrical activity in the

muscles or the mechanical effects of those samerieldaignals on the muscles.

To measure the electrical signal, the most common gueeas to record from electrodes
placed either on the surface of the skin overlying tbheate or inserted within the muscle
itself, by means of a needle. The electrical tradmg {produced is termed
electromyography (EMG). Any number of muscles can berged simultaneously and
increasing the number of muscles recorded obviously prowdes information about
the underlying motor sequence. Data from four lower limbategsas well as 16 limb

and trunk muscles simultaneously have been used to constrsceragtivation patterns
occurring during walking in humans (Houck 2003; lvanenko et al 2@¥9nges of
muscle activation patterns within walking occurring betwiedividuals and within the

same individual are reported (Winter and Yack 1987) as arputenised pattern
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recognition technigues to analyse the power and subttdt®sch muscle activity
(Pelland 2004). Details such as the size and depth of tlog Bradplate and positions of
various motor units within the muscle body can be estichasing many clustered
electrodes on each muscle (Zwarts and Stegeman 2003)yFinptocess to define the
underlying neural strategy based on the recording obtainedstioiace EMG recordings
has been suggested (Farina et al 2004). None of these tehhane been used to
analyse the muscle activity associated with any invalyntnovements caused by

clinical conditions such as chorea or ballism.

Such extended EMG recordings have been used to describe ogratterns between
subjects including five motor patterns which could accoamthfe muscle activity during
locomotion (lvanenko et al 2004; Pelland and McKinley 2004pnlysis of the
relationship between muscles has also been studiedieémisatvith spinal cord lesions
with electrical induction of stepping movements confirnting presence of neural
circuits (CPGs) within the spinal cord (Minassianlet(94). These studies usually
analyse the activations from different muscle gronpependently and don't relate the
activity in one muscle to the others in terms of seqeen timing. There is no simple

way to recognise and compare motor activation pattersagioccur in PLM.

The effect of the electrical signals on the mugsleif can be assessed by monitoring the
resultant displacement of joints or bones. The madtly known of these techniques is
that of actigraphy where accelerometers are attachi tankle, or other limbs, to

monitor displacement of the limbs (Mathie et al 2004). aielogue signals produced by
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the displacements are transformed via algorithms intgiebdsignal. Various ways of
using the accelerometers including varying the site osorésg, using tri-axial
accelerometers and placing accelerometers on vari@ssaagund a limb can be done in
order to obtain a more precise measurement of the nentsrWard et al 2005).
Accelerometers have also been used in the analysisalfintary movements associated

with clinical condition such as Parkinson’s diseass (Emmerik and Wagener 1996).

Unlike the situation of gait analysis, information regagdhe origins of the neural

strategy and motor events related to PLMs is at andyfa

5.1.4 Measurement of motor function in RLS and PLM

The original hypothesis for the origin of spontaneousomevents such as PLM was the
presence of hyperexcitability of the nervous system. Tiseseme evidence that PLM

are likely to occur when there is isolation and, thusiplication, a state of
hyperexcitability of the spinal cord. PLM have been dbsd, on overnight
polysomnography, in patients with direct spinal cord lesiparticularly during REM
sleep. (Yokota et al. 1991; Lee et al. 1996 ; Dickel et al. 198dyements similar to
those of PLM were also reported to occur in rathiwiseven days of experimental spinal
cord lesions (Esteves et al. 2004). Leg movements witriadicity and character very
similar to those of PLM have also been observed edem there is a transient isolation
of the spinal cord such as occurs in patients undergoinglsmaesthesia (Watanabe et

al. 1987; Watanabe et al. 1990).
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The presence of exaggerated reflexes or return of prami¢flexes in subjects with RLS
and/or PLM would confirm the hyperexcitable nervous sysiéra.H-reflex (Martinelli

et al. 1987) and the flexor reflex (Bara-Jimenez 2@00) are indeed exaggerated
during wakefulness in patients with RLS and PLM. The firstial observations of PLM
indicated a similarity to the primitive Babinski sign Imat objective studies using either
EMG or accelerometry have been done to confirm or denseemblance between the
Babinski sign and PLM. (Smith 1985; Smith 1987). The preseiad3abinski sign
during sleep is not in itself abnormal (Fujiki et al. 197l its spontaneous occurrence,
as in PLM, may be induced by increased excitability efgjpinal cord. The similarity of
PLM to the Babinski sign, with dorsiflexion of the amlds the most common motor
activity in both events, resulted in the recommendatarecord the electrical activity of
the anterior tibialis muscle and to use the ankle msrthe best site to measure the
mechanical effects of the event with accelerométhgse recording sites have persisted
as the only sites recorded despite early and repeatedsrepanultiple muscles being

involved in the PLM (Guilleminault et al 1975).

The usual measures reported from the EMG recording ofiteeiar tibialis muscles on
an overnight sleep study are: total number of PLM per bbsieep (PLM index),
number of PLM per sequence, the association of PLM avblusals and the relationship
to sleep stages (Zucconi et al. 2006). A PLM index of grelagéer per hour is
considered pathological but the relationship of this irndedinical significance is in

doubt (Hornyak et al. 2006). The relationship of the PLM tasals as the significant
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clinical events is not clear with no consistent penal relationship between the PLM and
the arousal and a lack of correlation between the pcesef arousals and subjective
complaints of disturbed sleep, daytime sleepiness egland of being refreshed on
waking (Mendelson 1996; Karadeniz et al 2000). TreatmenedPLM in narcolepsy

and obstructive sleep apnea also did not guarantee arnvienpeat in sleep quality
(Boivin et al. 1993; Haba-Rubio et al. 2005). Only two studie® Ishown an impact on

sleep quality caused by the presence of PLM (Carrier2808; Aksu et al 2007).

The lack of clinical significance of PLM has led to teéevance of recording PLM in
clinical diagnostic studies currently being disputed (Meddd 2001). This has lead to
the need to find alternative means of analysing orrd#og the EMG. Re-analysis of
EMGs using the current recording technique has led to the suagygesa separate index,
the periodicity index (PI) but, while interesting and hel@fs another measure of PLM,
the relevance of this measurement to clinical symptamns#e of origin of PLM has yet
to be shown (Ferri et al 2005). The new index does gtitsfrom the same problem as
the previous technique — that of a single muscle recordethas a restricted complexity

of muscle activations documented.

Limited studies have been performed using an expanded regoedimique over more
that one muscle group. Provini et al showed that althoaggifiéxion of the ankle was
the commonest initiating event other muscle groupsanegs initiated the PLM in more
than 39% of cases (Provini et al. 2001). The patterns cdzbentheir patients with PLM

were not predictable and varied even within the same paltieanother study using
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multiple muscle recordings, just less than 50% of thigl Btarted with muscles other
than toe or ankle flexors (de Weerd et al. 2004). Patisate shown to have personal
patterns and there did not appear to be a consisteatrpaftleg movements more likely
to cause arousals. The same lack of constant activigrpavas also found in a third
study using the same selection criteria for the PLMweat analysed (Plazzi et al
2002).There were significant limitations to these studgesnly leg movements that
conformed to current PLM criteria were used, and a subgrothedbtal number of leg
movements occurring during the night were analyzed in eas$. In both studies
activation patterns involving multiple muscle groups wenamon implying that in
order to understand the electrical events underlying PLNtjptfeumuscle recordings

appear to be vital.

The spontaneous movement associated with PLM cameatso during wakefulness.
Recruitment patterns of movements occurring in wakefsl{lfsMW) again showed a
lack of a constant recruitment pattern, here definddeasame order of recruitment in at
least 80% of the movements (Trenkwalder, Bucher et al. 18@&rior tibialis was the
most common initiating muscle in thirteen of the edgt patients, similar to the data on
PLM. Any similarity between the activation patterns dgrwakefulness (PLMW) and

those during sleep (PLMS) has not been analysed.

Thus, the muscle activations associated with PLM hdreduring wakefulness (PLMW)

or sleep (PLMS) are not as stereotyped or as simpleesa®psly thought. Despite the

wealth of literature on analysis of EMG patternstezlao gait analysis, none of these
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techniques, or analyses, have been used to analyseithty associated with PLM or to
assist in finding the source of the movements. Mustleitgypatterns must be compard
to those occurring during locomotion to confirm or deny amylarity between PLM and

the spinal cord CPGs associated with locomotion (Cap2002).

The use of accelerometry to measure the movements prbbydbke electrical events
associated with PLM, instead of the more expensive poigegraphy, is quite common
(Ancoli-Israel 2005). Concurrent use of actigraphs and Eb®ndings in subjects with
suspected PLM has found good correlations between the dispats and activations in
some studies and an underestimation in others (Kazehetaale 1995; Ancoli-Israel et
al. 2003). Newer actigraph systems which measure displaté@m®aore than one
direction or have more sensitive algorithms may impttigecorrelation (King et al.
2005). For now, the EMG recordings with surface electrogbigh are more sensitive to

muscle activity than actigraphy, are still held to begblel standard to define PLM.

The use of multiple muscle recordings, with a more aded analysis, and comparison
of patterns to other motor events needs to be done intordetermine the origin and
significance of PLM. If the PLM activity is indeed as&ied with hyperexcitability of
the spinal cord then the theory of the activatiothef CPGs of locomotion being
responsible for PLM appears logical. Using techniques usteasrved for gait analysis
and comparing the activation patterns associated wikh t®Lthose occurring during

locomotion would assist in confirming this hypothesis. the purposes a method of
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classifying and comparing motor activations during sleep witsetlo@curring during

voluntary movements during wakefulness is required.
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5.3 Appendix

MCGILL PAIN QUESTIONNAIRE

SUBJECT CODE: Date:
PRI S A E M PRI (TOTAL)
(1-10) (11-15) (16) (17-20)

1 2 3
1. Flickering 1. Jumping 1. Pricking
2. Quivering 2. Flashing 2. Boring
3. Pulsing 3. Shooting 3. Drilling
4. Throbbing 4. Stabbing
5. Beating 5. Lancinating
6. Pounding

5 6 7
1. Pinching 1. Tugging 1. Hot
2. Pressing 2. Pulling 2. Burning
3. Gnawing 3. Wrenching 3. Scalding
4. Cramping 4. Searing
5. Crushing

9 10 11
1. Dull 1. Tender 1. Tiring
2. Sore 2. Taut 2. Exhausting
3. Hurting 3. Rasping
4. Aching 4. Splitting
5. Heavy

13 14 15
1. Fearful 1. Punishing 1. Wretched
2. Frightful 2. Gruelling 2. Blinding
3. Terrifying 3. Cruel

4. Vicious
5. Killing

17 18 19
1. Spreading 1. Tight 1. Cool
2. Radiating 2. Numb 2. Cold
3. Penetrating 3. Drawing 3. Freezing
4. Piercing 4. Squeezing

Time:

PPI

WN -

A OWN P

abhwN P

(1-20)

4

. Sharp
. Cutting
. Lacerating

8

. Tingling
. Itching

. Smarting
. Stinging

12

. Sickening
. Suffocating

16

. Annoying

. Troublesome
. Miserable

. Intense

. Unbearable

20
1. Nagging
2. Nauseating
3. Agonising
4. Dreadful
5. Torturing
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Present Pain Intensity (PPI)

What was your previous most painful @XperienCe? ..........ovve i e

People agree that the following 5 words represent pain in increasing intensity. They are:

1 2 3 4 5
Mild Discomforting Distressing Horrible Excruciating

To answer the questions below, write the number of the most appropriate word given above in the
space provided:

Which word describes the worst pain you have ever felt?
Which word describes the worst toothache you have ever had?
Which word describes the worst headache you have ever had?

Which word describes the worst stomach-ache you have ever had?

o M w DR

Which would best describes your present pain?

VAS PAIN RATING

In your experience, how would you rate the pain you are currently feeling.

No pain The worst pain
| have ever felt

In your life, how much pain have you had from illness and injury.

None As much as
anyone could have

LOCATION OF SENSATION

Where is your pain? (Please mark, on the drawings below, the areas where you feel pain. Put E if
external, or | if internal, near the areas which you mark. Put El if both external and internal.
ALSO: if you have one or more areas which can trigger your pain when pressure is applied to
them, mark each with an X).
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CHAPTER 6

Paper 2: Can the sensory symptoms of restless legs syndrobee
assessed using a qualitative pain questionnaire?

Published in Clinical Journal of Pain 2007; volume 23(1): 656.
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CHAPTER 7

Paper 3: Classifying the sequence and latencies of gleenyographic
activations of multiple leg muscles reveals subtle diffenees in motor
outputs between sleep stages.

Submitted to Sleep
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Abstract

In order to gain more information about periodic limbvexments (PLM) a classification
which will allow comparison of motor patterns using eorgling multiple muscle groups
is required. Comparisons can then made across sleep atatjbetween motor patterns
during sleep and motor patterns from known sources, suchtam gader to find the
source of the movements.

Ten patients with restless legs syndrome underwent gygrpolysomnograms including
surface EMG recordings of the anterior tibialis, gastemaius, quadriceps and hamstring
muscle groups of both legs. All EMG activations occyydring sleep without regard
for current PLM criteria were analyzed and classifiecbading to the order and duration
between muscle activations.

A total of 2100 leg movements were analyzed into 80 pattArokssification system is
suggested which defines patterns based on order of musetgtiacii accounting for
concurrent and sequential muscle activation, as weditakimter-activation duration. All
muscle groups were involved in initiation of activations patterns initiated by anterior
tibialis were most common. Results indicate diffeemnbetween sleep stages in total
number of patterns, assemblies and number of unique dgserilhe inter-activation
duration is not affected by anatomical placement of eldess, and duration between
initiating activations could not be predicted by complegityattern or sleep stage.

The classification system is simple, self explanatnd adaptable. Initial applications
suggest reduced excitability of the motor system during slave sleep and REM sleep

when compared to stage 2 sleep in patients with PLM.
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Introduction

Routine measurement of involuntary leg movements, ore pperly muscle
activations by electromyograms (EMGSs), during sleep has part of the clinical
overnight polysomnogram since nocturnal myoclonus et described as a disorder in
1953". Pathological muscle activations, periodic limb mments (PLM), are
distinguished from non-pathological activations by standateria first described in
1980, revised once in 1993 and again most recently in 2606These criteria define the
minimum amplitude, duration, inter-activation interfaeéquency and number of

activations which constitute PLM.

All previous research has focused only on the activatidneh fulfill these criteria

despite the lack of correlation with clinical symptotnse of arousals or sleep
disruption>®. One of the reasons for this disparity may be #eending technique which,
despite visual evidence that PLM involve multiple musgteups, has been restricted to a
single muscle — tibialis anteridr Previous studies using multiple muscle recordings have
shown different patterns in individual subjects but #uk lof a single system to describe
the patterns generated and the restriction of motartgve those conforming to PLM
criteria limit the usefulness of such studi&g’ There is also no way of comparing the
motor patterns described in these studies with those dtber movements such as those
occurring during normal gait. Variations in the patterhsiotor events between sleep

stages or analysis of the time intervals betweera@ins were not described.
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Research using the standard PLM criteria show a reduatitve number of movements
from stage 2 to slow wave sleep, and a shortened activdration and longer inter-
activation intervals during REM sleep when compared to MREep implying a
gradual reduction in excitability at the neurological sewtthe movements' *3
Research on the impact of sleep stage on the exdyatdilihe motor system is usually
confined to the dramatic inhibition of the motor systemrduREM sleeg®. Very little
information is available on changes in excitabilitytted motor system during NREM
sleep, though there is slight hyperpolarisation of motorens in the transition between

wakefulness and NREM sleép

We aimed to record leg movements using surface EMG rexsdif multiple muscle
groups during sleep and then to use these recordings to coastiseful classification to
assist in answering some of these questions. Specifigallyere interested in whether
use of such a classification, particularly the inforiorabn activation sequences and
inter-activation durations, could provide new insights intodtate of excitability of the

motor system during different sleep stages.

Methods.

Subjects

Subjects were recruited from patients, who had never fpesmously treated for Restless

Legs Syndrome (RLS), who now presented for treatnid®.RLS was diagnosed on
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clinical interview by an experienced clinician (AB) aoding to the criteria of the
National Institute of Healtfr. Patients volunteered for an overnight polysomnogram
the Wits Dial-a-Bed Sleep Laboratory. Bed time was tyjaical for each patient at
home, and the patients were allowed to wake naturabiywdatrd recording electrodes for
polysomnography were attached to measure electroencgmal¢EEG), left and right
electro-oculograms (EOG) and submental electromyogram (Eddtity. Standard
pulse oximetry, respiratory recordings using thermisabtbe external nares and
respiratory effort traces were recorded on any subyeitsa history of snoring and
subjects with obstructive sleep apnea were excluded fid@ &nalysis.
Polysomnogram and EMG data were stored digitally ( EB&ZE Cadwell, Kenniwick,
Washington. USA)Sleep stages were scored according to Rechtschaffen sl Ka

criteriat®,

Electromyography

The EMG activity in the legs was recorded using diffae¢surface EMG electrodes.
Two gold-plated, 5mm diameter electrodes were applied 3@par on the skin surface
over the centre of the belly of each of the QuadricEjpsnstrings, Gastrocnemius and
Anterior tibialis muscles of both legs. EMG activasowere included in the analysis if
they fulfilled the following criteria: they occurred dugisleep, the EMG signal-to-noise
ratio was at least two to one, and the activation cbeltecognized as a discrete event
and the time interval between activations of diffigrmuscle groups within the events
was 4 s. In order to simplify the pattern recognition, reatton of a muscle group

within this time period was taken to signal a new evRlhWEMG activations, without
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regard for standard PLM criteria, were included if theynplied with the above criteria.

Data from each leg was analyzed independently.

Each set of muscle activations fulfilling the aboviecia was termed an EMG
“assembly”. The specific order and timing of muscle grouplsin each assembly, were
documented by constructing a graphical template on a transghest placed over the
computer screen. We then assigned a descriptive labattoassembly (see Fig 1 and 2).
The initial letter of the muscle groupiterior tibialis,GastrocnemiusQuadriceps and
Hamstrings) identified that a particular muscle group had begvated within the
assembly. If the activation of different muscle groapsurred less than 50 ms apart, we
separated the identifying letters by a comma, and used theltdsgquence of letters A,
G, Q, H. In effect, we considered such activationsimsiltaneous. If the activations
occurred 50 ms or more apart, we separated the lettelasbgs, and ordered the letters
according to the sequence in which the muscle groups ifethatere activated. The total
inter-activation duration of the assembly (ms) as oneasfrom the beginning of the first
activation to the beginning of the last activatiorthie assembly, was appended to the

letter sequence if any intervals between activationsinvihe sequence were50 ms.

After we had assigned a sequence label to each asseveldpuld analyze how many
assemblies we detected in each patient and the numbersafe groups activated in each
assembly. We identified assemblies which had exactlgdah®ge activation sequence of

muscle groups, without regard to the interval duration, am¢ahe same “pattern”.
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We then used the data from eight subjects who had caegidéd sets and assemblies in
all sleep stages for further analysis. We could thetyaa the relationship between
assemblies and patterns and the inter-activation dagatif the patterns. We then applied
our classifications to describe how the assembliepattdrns differed, either in number
or complexity, between stage 2 sleep, slow wave sleeppigsing stages 3 and 4) and
REM sleep. We also assessed whether the interval duddtmatterns was influenced by

the anatomical arrangement of activated muscle grouglsep stages.

Ethics approval.

The procedures were approved by the Committee for Réseardduman Subjects of the

University of the Witwatersrand (M00/04/05).

Statistical analysis

Binomial distribution tables were used to assess rigtgus left leg differences in

number of assemblies and pattedédata (apart from where otherwise indicated) was
analysed for each subject before comparison were rRadelts are expressed as median
(CI) throughout. Spearman correlations were used throudbioali comparisons.

ANOVA plus Dunn’s post-hoc test was used to compare patbexgring during

different stages of sleep. Mann-Whitney non-parametsicwtas used to compare inter-

activation durations.
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Results:

Classification of patterns of muscle activation.

The age and gender of the subjects, their total sleetintige recording night, the total
number of assemblies and the total number of patterreafdr subject are shown in
Table 1. Subjects varied widely in the total sleep time| tasmber of assemblies as well
as total number of patterns. Total sleep time was $honost subjects as is typical for
subjects with RLS and PLMg' '8 To create the classification we pooled all data and
analyzed a total of 2100 assemblies. For technical retiseassemblies from only the
right leg of one subject could be used for analysis. Twvagests had significantly more
assemblies on the right leg than on the left leg,amdsubject had more assemblies on
the left leg but no subject had significantly more patem one leg than on the other leg.
The total number of patterns observed for each patiastsmaller than the sum of those
from the right leg and the left leg, implying that thewere common patterns obtained
from both legs. The total number of patterns, whicfedsd in number of muscle groups

activated or order of muscle activation, in pooled dattanfall the subjects, was 80.

We then used the data from eight subjects as describedysbviThere was no
correlation between the total number of assembliesr@ntbtal number of patterns in the
subjects (Spearman p=0.083). Of the total assemblies, 42% (#6Bed the

activation of only one muscle group. Although this percenteagehigher than those
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involving activation of two (19 (10,30)), three (15 (5,44)) amak (14 (6,35)) muscle

groups the difference was not significant.

All four muscle groups were involved in pattern initiati@ii% (39,83) of the assemblies
started with activation of Anterior Tibialis which wagnificantly higher than those
starting with either Gastrocnemius 4.5% (0,25), Quadrite§? (0.2,18) or the
Hamstrings muscle group (9% (2.5,23). The number of adesmihich involved
simultaneous activation of two, three or four museemitiating muscles was 7.5%
(3.6,23). There was a significant correlation betwéertdtal number of patterns and
those patterns initiated by anterior tibialis (Spearmah@ks) but not with any other
muscle group. Individual patients frequently showed sterezdpatterns for order of
muscles activated. All eight subjects had patterns dthstall muscle groups, however,
only two patterns were common to all subjects — thdsanterior tibialis alone (a) and

activation of anterior tibialis followed by activatiafh hamstrings (a-h).

Duration

An total inter-activation duration of between 0 and 500mas feund to be most common
and significantly more assemblies lasted less than 5@6andonger than 501 ms (p =
0.0046, Mann Whitney. The inter-activation duration, in nigatterns (median (Cl))
with activation of two muscle groups (200 (100;400)) was sicpnitily shorter than those
with three muscle groups activated (850 (450;1200)) but not shdresr compared to

patterns with activation of four muscle groups (362 (200;1000)).
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In order to assess whether the anatomical arrangerhelgctrodes was a primary
determinant in the inter-activation duration, we compénedbnly common pattern in all
subject (a-h) to the next most common pattern in ealgjest involving two muscle
groups. The only significant difference was in one subjdwere/the pattern of
gastrocnemius followed by anterior tibialis (g-a) wamsicantly shorter than the pattern
a-h in the same subject (p=<0.001 Dunn’s post-hoc testptida combination was

significantly different.

Applications

Patterns and sleep stages

There were significantly fewer assemblies during slowensleep (p<0.05) and REM
sleep (p<0.001) when compared to stage 2 sleep (ANOVA with Dpostshoc test)
(Table 2). The number of patterns in stage 2 sleep is@adicantly higher than in slow
wave sleep (p<0.01) and REM sleep (P<0.05) (ANOVA with Dunn’s-pos test).
There was a significant correlation in REM sleep (pG498 Spearman) between the
number of assemblies and patterns but not for stagel@wingve sleep. There were
some patterns which were common to all sleep stagelduumber of these patterns
(3.5 (1,6)) was not significantly different from the riugn of unique patterns in any

particular sleep stage. There was a significant coiwal&etween the number of
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assemblies and the number of unique patterns in stage?(ple0.015 Spearmans) but

not in slow wave sleep (p=0.115) or REM sleep (p=0.069).

In order to assess changes in inter-activation durafipattern with change in sleep
stage two patterns were selected which occurred in aé ieep stages in sufficient
numbers to achieve some significance (at least eightpdaits for each stage). The only
two patterns to produce such data both involved only two eggolps in two different
patients (a-h in one subject and g-a in another subjdatje was no significant
difference in the medians and confidence intervald®irter-activation durations of the

patterns for either pattern in either subject betweerobthe three sleep stages.

Discussion

We have proposed a classification system for EMGratabins recorded from leg
muscles during sleep based on the analysis of 2100 asseailshescle activation
recorded by surface EMG from four muscle groups in eayhdlering sleep. Our
classification is based on the number of muscle groupssed, the order of activation
and the interval between muscle activations. We belieat our classification is simple
to apply and self-explanatory, and that being able to BElg activations in such a way
improves our ability to explore the neurophysiological 9asisuch muscle activations.

The 2100 activation assemblies we recorded resolved intas80ctive patterns.
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All four muscle groups from which we recorded, namelyehiot tibialis,

Gastrocnemius, Quadriceps and Hamstrings, initiated pstiteour 10 patients
irrespective of how many other groups were activatedrelivere significantly more
patterns initiated by anterior tibialis than by any othescle group and the two patterns
common to all subjects both were initiated by anteimalis. Patterns of short (<500
ms) duration were the most frequent. The inter-activadiuration of patterns was also
not influenced by anatomical placement of electrodeshereltetween subjects for the

same pattern or within subjects for differing patterns.

Muscle patterns differed between sleep stages with nsserdlies and patterns
occurring in stage 2 sleep when compared to both slow wasp ahd REM sleep. We
also obtained data in two subjects which showed thahtbe activation duration of
patterns was not determined by the sleep stage. Thudasisdication system allows for
guantification of type, complexity and duration of museguence activation, so

providing a greatly enhanced tool for analysis of leg neuactivations during sleep.

Whilst many different patterns of activations wereessed in our patients it is unlikely
that all possible muscle patterns occurred in ourdichgample of 10 patients. Other
patterns may be found in other groups of subjects; our fatas®in will allow new
patterns to be described in a consistent, self-explanatamy. We also did not cover all
muscles groups in the legs and extensor digitorum brevisyeey to be added for
completenesS’; our classification allows ready incorporation ofestigroups. We chose

an arbitrary time interval (50 ms) to distinguish betwertually simultaneous and
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delayed activation of muscle groups. We also set anampitutoff for maximum inter-
activation duration of pattern (4 s), a decision whias wubsequently supported by the
distribution of activations measured. Future studies mayeréfiose criteria, or may
reveal that there is no benefit in distinguishing waetivation duration. We also did not
use any other criteria associated with the definitioReriodic Limb Movements as
defined by the World Association of Sleep Medicine cidtérThis decision was based
on our wish to widen the scope of the recordings to deatial possible patterns as well
as concern regarding the arbitrary nature of someeoétiteria. Critical review of the
present criteria, particularly for amplitude, has bseggested recently to gain more

sensitivity in the investigation of the periodicity REM *.

Our choice of subjects, being patients with restlegs $gndrome, may be justified in
order to increase the number of leg movements recordedydieep and hence the
sample size. Whether the data obtained here can tapeldted to other causes of PLM
or not is unclear. The current theory for the generatfd?LM, being a hyperexcitable
spinal cord may simply be an exaggeration of the nomsa¢ase in the excitability of
the spinal cord observed during normal sleep, indicatetdebgresence of Babinski
reflexes’®?2 This may explain the presence of PLM in multiplsodilers with differing

etiology as well as the presence of PLM in otherwisemal individuals®%
We were surprised by the number of different patternaiodd in our patients, but this

has been implied in previous studies suggesting multigs sf origin for these events

even in individual subject§*’. Another option is that some of the activations imirg
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only 1, 2 or 3 muscle groups may be partial activatiorepagtof more complex
activations involving four muscle groups. Our inter-activataoration data does not,
however, support this proposal. Using our classificatiomore subjects would assist in
clarifying this dilemma. We were also pleased to obsdraethe interval duration of the
patterns was not determined by anatomical position aflderodes. Thus the patterns
obtained probably represented a true motor activationrpaemerated from an as yet

unidentified site, or sites, in the nervous system.

Ours is the first study to look at the impact of sleggeas$ on the detail regarding the leg
muscle activation patterns in subjects with PLM. Thweeee significantly more
assemblies, patterns and unique patterns in stage 2 sleegeovheared to slow wave
sleep and REM suggesting a higher level of motor excitalmlistage 2 sleep. There was
no difference between the number of assemblies, patberunique patterns between
slow wave sleep and REM sleep indicating a similar le¥elotor excitability. Our sleep
stage data is thus different to the data obtained wiqure studies on PLM during
different sleep stages which indicated a difference éetvglow wave sleep and REM
sleep in the character of PLM*® However, the previous studies only looked at
movements which conformed to PLM criteria while we uséthallements. Any
decrease in excitability between sleep stages is mbiriced by the inter-activation
duration data which shows no lengthening of the patternsgdsiom wave sleep and
REM, but the low numbers may have accounted for thesefirhe inhibition during

slow wave sleep is unexpected given the significant mokalition during REM and the

apparent lack of such inhibition during slow wave stéephus another mechanism must
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be present to account for the reduced muscle activatiomgdilow wave sleep which
may have to do with a reduction in level of arousak Thanges seen in motor function
during slow wave sleep in our study may be unique to patiatit?LM related to RLS.
The sleep stage changes in motor activity in patients itV related to other disorders
may show differing results. The number of unique patteresch sleep stage and the
limited number of patterns common to all sleep stagesamafirm that multiple
neurological sites are responsible for leg muscle aadins during sleep. Future studies,
using the classification need to look, in more degailvhether the complexities of

patterns differs between the different sleep stages.

Our classification is considerably simpler than patterad activity recognition procedures
in the field of gait analysis. While various techniqguesiusamovement studies to
analyse patterns of motor output cannot be used during legistical reasons, most
only use the different muscle groups in isolation or deémencomplicated computer
software to determine activity pattefi€’. There is no classification similar to ours in
the field of gait analysis which could be modified to bedus PLM and still give us
results comparable to the ones we obtained. Howeveg osrr classification to compare
the patterns obtained during gait to those occurring dutihd\Would help in defining

the influence of the spinal central generators asdtengal source of PLM motor

patterns.

In conclusion, we have proposed a classificatioresydb define EMG excitation

patterns occurring in the legs during sleep, which we haae tasinvestigate the state of
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the motor system during sleep and which could assistgroming information regarding
the state of the motor system during different sléages, the neural origin and impact of
leg EMG bursts in periodic limb movements and allow camngons between leg

movements occurring in different sleep disorders.
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Right leg
| "

Left leg
AH

L
100 m:

Figure 1. Diagram indicating two EMG assemblies, one onighé leg and the other on
the left leg occurring simultaneously. The two legs asdyaed separately. A — anterior
tibialis, G — gastrocnemius, Q — quadriceps, H — hamstririgsshort vertical lines
represent the start of each EMG activation. Legentédaight of the two assemblies
indicates our classification of the two assemblie® ddmmas between the letters of
muscle groups involved are used indicate that the timevailtbetween activations (as

indicated by the vertical lines) was less than 50 ms.
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100 m:

Figure 2. Diagram of an assembly where the delay betas@mtion of two muscle
groups is greater than 50 ms. A-anterior tibialis, G-gastmius, Q — quadriceps, H —
hamstring. Legend to the right of the assembly ind&cate classification: — between
letters in the classification indicates the musctaigs involved in the delay. The number
after the colon indicates the duration of the assgioétween the beginning of the first

and the last muscle group activated rounded to the né&fress.
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Total Assemblies Patterns

Age Gend  Sleep Right

) er T(irr]r;e Total  Rightleg Leftleg Total leg Left leg
64 F 4.1 250 120 130 28 19 13
63 F 3.4 524* 330 194 25 16 14
30 F 5.1 126 57 69 21 11 13
18 F 6.0 367 176 191 39 26 21
59 F 2.7 198 101 97 38 20 23
25 F 7.6 - 61 - - 29 -
40 M 4.3 40 16 24 2 2 1
45 M 5.3 307* 236 71 33 20 19
68 M 4.4 140* 56 84 22 10 14
45 4.4 198 101 84 25 18 14
(25,64) (3.46.0)  (96,367) (56,236) (40,191) (17,38)  (10,26) (8,21)

Table 1: Characteristics of subjects recorded for ifles8on of activation patterns.
Total sleep time was that recorded on the night inldepdaboratory. Total number of
assemblies and patterns observed are divided into thkemwhserved in right and left
legs. * significant difference between number of agd®s in the two legs on binomial
distribution. — represents missing data. Medians (95%Cth®columns indicated on

the last row.
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Stage 2 sleep Slow wave sleep REM sleep

Assemblies % 72.3* 20.7 9.1
(48.9,79.3) (2.5,35.5) (1.5,22.7)

Patterns (n) 22.5% 8.0 9.0
(16.0,36.0) (3.0,16.0) (2.0,23.0)

Unique patterns (n) 12.5 0.5 2.5
(4.0,21.0) (0,5.0) (0,9.0)

Table 2. Characteristics of the changes in leg mustiations during three different
sleep stages in eight subjects. Slow wave sleep compraggs3and 4 sleep. Data is
calculated for each subject individually and mediansutatled for the group. All values
expressed as medians (confidence intervals).* p<0.05 compupeséxivt wave sleep and

REM sleep.
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CHAPTER 8

CONCLUSION
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Restless Legs Syndrome (RLS) and Periodic Limb Mowvesn@LMs) constitute
separate sensory and motor conditions which often acd¢be same patient. There are
specific well-established criteria for diagnosis of baihditions (Allen, Picchietti et al
2003; Zucconi, Ferri et al 2006). Patients are diagnosed aneldifea these disorders
without sufficient knowledge of the origin and mechanismslved in the production of
the sensory symptoms and / or motor events. In thissthésive explored some of the
gualities of these two disorders specifically looking@tgible reasons for the increased
prevalence in women as observed in population studiegelaas measurement of the
spontaneous sensations and motor events with a partiesato providing a qualitative

description for both phenomena.

An increased prevalence of RLS in women has been fousldhmst all studies which
have separated population prevalence by gender (Chapter Eig)pk genetic
transmission favouring women has not been substadtiat any genetic study, and any
other reasons remain under-researched. There arepofsible alternative explanations
for the gender bias in RLS including changes in gonadal hw¥s@ greater impact on
sleep continuity, an increased sensitivity to the sgnstanuli and an increased risk in
women of conditions which themselves increase theofi$d_S and also have a gender

bias.

My first study investigated the impact of a number of factocluding genetic

transmission, by means of a family history, the imp&®LS on sleep parameters and
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the possible gender bias in medical conditions which megitate or otherwise be
associated with RLS. | asked subjects with RLS who haliegpior inclusion in a
treatment research protocol to complete a questionAdieedemographics of the group
confirmed the predominance of women as well as a signifig increased number of
women relatives of the subjects affected by RLS. Womien compared to men, were
more likely to have a higher symptom load when thosepsyms included interference
with sleep onset, sleep continuity and involuntary mamets while awake. There were
also many qualities of RLS unaffected by gender includingpédgeset of RLS, number
of affected days per week, and severity of daytime slespi One hypothesis that
women with RLS may have a higher incidence of gendeethias-morbid conditions
was borne out only in the higher incidence of hypothysoidin our women subjects

when compared to men.

My data thus do not confirm a primary role for sleep dixuoce as a reason for the
gender bias in prevalence studies but may indicate a possiblfor hypothyroidism.
Future studies would need to expand this avenue of resedodktat other reasons for
the gender difference. More detail need to be obtaingteofamily histories and
pedigrees given by subjects with RLS to investigate th&iboition of genetic
transmission on the gender bias of RLS. There isrtittlarity on the most obvious
reasons, that of differing hormonal levels in femavéh RLS when compared to males
with RLS. The results at present are contradictoti periods when oestrogen is high
(pregnancy) and periods when oestrogen is low (menopausestmwving high

prevalence rates of RLS. The relationship between gendetha medical conditions
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associated with RLS particularly those of hypothyroididepression and anxiety needs
to be explored particularly as far as contributing meamasiare concerned. Of particular
importance is the nature of the relationship and thustihven these medical disorders are
involved in the precipitation of RLS or simply co-exigth RLS. In most cases the
prevalence of RLS in other medical conditions, aparhfthose known to cause RLS
such as renal failure and pregnancy, has not been investidgaven in these established
secondary causes, the relationship between RLS andcihedsey cause is under
researched, particularly as far as their contributiotine gender differences in prevalence

studies are concerned.

Another possible reason for the gender bias, mentido@geebut not explored by my
first study, is that of excessive sensitivity to the agaas by women which may in turn
lead to the high symptom load. One proposed origin fosénsations is increased
excitability of the nervous system, specifically th@al cord, creating spontaneous and
abnormal sensations (Trenkwalder, and Paulus 2004). Rlegetar¢he source and
guality of the sensations has been compromised by thefarkassessment tool for the
type of sensation found in RLS. The sensations have pigyibeen described as
paraesthesias and dysaesthesias but as some of theeRdz8ions described do not
comply with these definitions the suggestion is thas#mesations be referred to as
“sensory symptoms” of RLS. There is thus no consenstiseoarigin of the sensations

or what term best describes them.
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True paraesthesias and dysaesthesias are usually ss$egia neuropathic pain (Woolf
2004). There is, however, no qualitative or quantitativelatdd measure for this type of
sensation (Bouhassira et al 2004). There is some evitiesoggest that the sensations
of RLS have some features in common with some paidigons, particularly
neuropathic pain, including abnormalities in pain processnegeffectiveness of
analgesics in treating the sensations of RLS and evidenbgperexcitability of the
spinal cord in RLS. If RLS is related to pain the evideinoe the pain literature tends to
indicate that women are more sensitive to pain, bothrempetal and clinica,l and this
difference could then help to explain the higher prevalen€d_S in this gender

(Fillingim et al 1999; Unruh 1996).

Thus in an attempt to define the sensations associatedi@ and possibly to link the
RLS sensations to those of pain, | investigated whetieesensations of RLS could be
measured on a qualitative scale usually used to assess ghaiMcGill Pain
Questionnaire (MPQ) (Melzack 1975). The MPQ is a validatsttument for measuring
both the quality and severity of pain and has been useahtpare the words chosen by
patients with different types of pain. Severity of peém also be assessed using two
measures calculated from the actual words chosen aasméle total number of words

chosen.

We were able to show in 25 patients with RLS that idd&e patients were able to

describe their sensations associated with RLS on th@.MRe severity measures from

the actual words and number of words chosen also cdeleell with the scores from
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the validated IRLSSG RLS severity questionnaire answerédebgame patients. There
was also a consistency in the words chosen by patetit&LS with eight words chosen
by at least 30% of the patients. There was, howevetpnelation between the severity
scores as calculated from the MPQ or the RLS sevar#tles and measurements from a
visual analogue scale measuring the severity of pain. Whddast feature would tend to
negate a relationship between the sensations of RLShasd of pain it is not entirely
unexpected. While the sensations of RLS are clearly présey are often not painful,
the visual analogue scale only measures a quantitative damesfgain and such a
dissociation between the two types of scales hasfoeed previously in mild
postoperative pain which may provide a more appropriate asopao RLS (Katz et al

1994).

The lack of comparable studies analyzing other typesmfamful, but still
spontaneous, sensations to compare to those of RLS ritekeelationship between the
sensations of RLS and other sensations difficult to deter The next step in this
process would be to compare the sensations experiengadibgts with RLS to
dysaesthesias from other causes, such as diabetic niwyrofzere may also be a
difference in the descriptions of sensations expereehgeRLS patients who do
experience pain and non-painful sensations simultaneoosipared with those who
only experience non-painful sensations. In those RL®mativho have painful
sensations the visual analogue score may correlate bétieche MPQ measurements
(von Spiczak et al 2005). In order to more precisely deternvhether the sensations of

RLS are similar to those experienced in neuropathic gananswers to the MPQ
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guestionnaires from RLS patients would need to be compamdijects with both
painful and non-painful sensations associated with neurepdiarders. Defining the
characteristics of the sensations associated with&lL8ell as other spontaneous
sensations found in other disorders may also increasta¢hapeutic options for

treatment of both disorders.

Thus increased excitability of the nervous system magiym® spontaneous sensations
but such excitability would also be likely to affect thetor system in the spinal cord. In
the case of patients with RLS this motor excitabuisyally expresses as PLM. These
“movements’ are currently measured by electromyographicagicins from surface

EMG recordings over the anterior tibialis muscle (Zuc&s al 2006). The periodic
activations known as PLM are common in patients witls Rut occur quite frequently
in patients with other sleep disorder as well as irmadelderly subjects without any
sleep complaints (Montplaisir et al 2000). The standarmkdaty procedure of only
recording one muscle group and limiting the analysis of @iwdiir only to those that fit
current PLM criteria has provided limited but often conttadly, information.
Specifically there are some changes in the PLM wébsktage but there is a lack of
sufficient correlation between PLM and other eventindusleep such as arousals and
cyclic alternating pattern. These associated eveatprasumed to produce the clinical
impact of PLMs but any such relationship has not beehdoniing. Visual descriptions
of the PLM involving multiple muscles were first reparia some of the early studies on
PLM yet very few studies have objectively recorded ntbam one muscle. Various

studies have been reported recently but have faileldow any predictable patterning for
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the PLM but the use of three different methods of desgyithe activations and no useful
classification system makes comparisons difficult yifricet al 2001; de Weerd et al
2004; Vetrugno et al 2005; Plazzi et al 2002). The studies veitedi by confining their

analysis to those activations which fulfilled the catreLM criteria.

In order to provide a means of comparison between mastiations | wanted to
produce a simple, useful classification, using the aabing from four muscle groups in

the legs to compare PLM activations.

| was able to develop a system of classifying patternsetsrihining the sequence of
muscles involved in the activations as well as measunimgime intervals between
activations by recording the leg muscle activations um fauscle groups on each leg in
10 patients with RLS. All activations for each subjgete analysed without

consideration for their compliance to standard PLMedst(Zucconi et al 2006).

Initially, | showed that there were 80 unique activationgvatt created by the 10 subjects
which could be differentiated by sequence or activatiterwals and that all muscle
groups could be involved in initiation of activations. Theexe only two patterns, both
starting with anterior tibailis, independent of duratioommmon to all subjects. We
confirmed that a technical concern, that of the digd®tween electrodes created by the
anatomical arrangement of muscle groups was not a fiactietermining the order of

muscle activation. We expected patterns with fewer raug@ups involved to be shorter
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in duration, but this was not always so. | also showedthk first time that in most

patterns the total time between activations is mkstyfito be less than 500 ms.

| then used the classification to examine changes iarpatg both in uniqueness and
inter-activation duration between three different sig@ges. The differences in patterns
between sleep stages were subtle. All complexitiestodnpawere present in all sleep
stages but there were significantly more patterns gestasleep than in slow wave sleep
and REM sleep. Each stage of sleep had unique motor pabenduration between
initiating activations was not changed in two subjecta bigange in sleep stage. The data
that, in some respects, the motor system behaves ivatgry/ in slow wave sleep and
REM sleep is new but may only occur in patients with glathy associated with PLM in
patients who have RLS. More research using the dlzesohn in patients with other
disorders which present with PLM would elucidate thesdéhces in the motor system
during different stages of sleep. Very little researchiyeen done on the state
(excitability) of the motor system in sleep stagesotihen REM with the focus on the

dramatic atonia during REM sleep (Chase and Morales 2005).

To begin with, the classification needs to be used tgeoenpatterns occurring during
PLM periods with those usually left out of the WASMeria i.e. non-perioidc limb
movements in the same patient (Zucconi et al 2006). Gheenoncern with the lack of
relationship between PLM and sleep disruption, a furtiuelyscould dissect the patterns
and relate the individual muscle group activity to timerotigals and cyclic alternating

pattern. Another essential comparison to be madewgekea the patterns of the PLM of
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wakefulness and those during sleep in order to determine wlieése two phenomena

are generated from the same site (Trenkwalder et al 1996).

The search for the origin of the movements may beernomplicated given the large
number of patterns obtained as the patterns are ke$g o come from a single site
designated to one specific function e.g. locomotionrdheeds to be clarity on whether
the simple activations, such as those involving one omtwscle groups, are subsets of
the complex activations which would reduce the total nurabpatterns thus simplifying
the search for the generator. My classification cteldised in future studies to compare
PLM with motor patterns during voluntary movements, palaérly locomotion, in order
to determine whether the CPGs in the spinal cord ardviedaon PLM generation. The
EMG patterns can also be compared better with othesmeeents previously suggested
to be linked to PLM, such as the Babinski response andetker fivithdrawal reflex

(Smith 1985; Bara-Jimenez et al 2000).

With a classification system for the electrical pmtof the motor event a further study
needs to investigate, using actigraphs, which of the pattead to movements, and
whether these movements provide a better correlatichinical symptoms. In itself our
classification to divide the activations in pattemither in number, duration, complexity
or combinations of all three may provide information whaakuld correlate better with
clinical symptoms than current PLM criteria does. Conmigjrthe actigraphy with a more
detailed EMG recording such as | have done may wellatelithe source of the

movements known as PLM. Thus our classification opessloor to more detailed
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analysis of leg movements occurring during sleep and wadedsilas well as trying to

understand the possible pathological influence they majupeo

In conclusion, many qualities of RLS and PLM remaibeéadefined. Some of the gender
differences found in the disorder on population studiag be explained by the greater
impact of the disorder on the sleep of affected womeae.uBe of a validated pain
guestionnaire to measure the quality and severity of RL&sens opens the way to a
more complete analysis of the sensations. Our nesgitiation of the muscle
activations can be used in many ways to improve the sisadythe origin and impact of
the muscle activations associated with PLM. Hopgftihe development of these new
techniques to analyse RLS and PLM will make the futureares into the basic

mechanisms behind these two disorders more fruitfuldrfuture.
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