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Summary

Primary dystonia is the third most common movement disorder in humans. It is
being described as a syndrome of sustained muscle contractions, frequently causing
twisting and repetitive movements or abnormal postures (Fahn, 1988). Dystonia is
considered to manifest primarily with pure motor deficit, however, recent studies have
shown that the motor disturbances might be accompanied by cognitive impairments
and psychiatric comorbidity. Despite the growing interest in the non-motor
manifestations, emotional information processing in dystonia is yet insufficiently
investigated. Previous research has demonstrated a deficient recognition of emotional
faces in patients with primary focal dystonia but it remains unclear if affective speech
recognition in these patients is also affected. Although not fully understood, the
pathophysiology of dystonia is ascribed mainly to basal ganglia dysfunction. Besides
the motor control, striatopallidal structures are known to implement also non-motor
functions including processing of emotional information and in particular the
recognition of emotional prosody and facial expressions of affect. Emotional prosody,
a suprasegmental feature of language, enables the listener to infer the internal
affective state of a speaker regardless of the semantic content of speech. Therefore,
emotional prosody recognition is very important for everyday social interaction. The
concept that the basal ganglia are involved into circuits subserving the processing of
emotional prosodic information is being supported by numerous studies with
Parkinson’s (PD) and Huntington’s (HD) disease patients, who have consistently

shown impairment in emotional speech comprehension.



Summary

By employing event related brain potentials (ERPs) technique and behavioral
studies, we investigated emotional prosody recognition in patients with primary
cervical dystonia (CD, n=30) and compared the results with a healthy control group
(HC, n=30). The participants were instructed to judge the emotional tone of auditory
presented words according to their valence (negative-positive) or arousal (calm-
exited) in two experimental conditions by pressing one of three keyboard buttons. The
results revealed a significantly poorer performance of CD patients in classifying the
emotional prosody. The analysis of hit rates and reaction times disclosed a
significantly less accurate performance of CD patients in judging especially angrily
intonated words. Moreover, the elicited ERPs showed smaller P3b amplitudes in CD
across all investigated emotions (angry, happy, relaxed, and sad). Importantly, the
deficient recognition of emotional intonation was observed only when the CD patients
had to classify the stimuli according to their valence while in the arousal task no group

differences were found.

Another aspect of the present research was to consider the psychological status
and personality profile of CD patients and determine possible correlations with the
performance of emotional prosody recognition. Interestingly, our results did not
demonstrate a significant correlation between the performance in the emotional
prosody recognition task and neither the psychological status (BDI, SCL-90-R general
distress index, depression and anxiety scores) nor the severity, duration and age of
onset of CD, indicating that the emotional processing deficit is rather primary in nature
and not a consequence of the chronic disease. Moreover, our findings designated
some specific personality features that seem to be predominating in CD patients.
Evaluation of the personality profile disclosed prominent psychosomatic complaints,

accentuated strain and emotionality traits in the patient group as well as less
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Summary

pronounced extroversion characteristics. This profile appears to be characteristic for
the patients suffering from cervical dystonia but did not show any correlation with the

emotional processing deficit.

Taken together the findings of the present study disclose a deficit in emotional
prosody comprehension in patients with primary cervical dystonia. Given that the
prosodic deficit involved all investigated emotions it appears that the disturbed
processing of emotional prosodic information in CD is rather general in nature than
restricted to certain emotional categories. Most importantly, the recognition of valence
dimension appears to be explicitly impaired. Assuming that the processing of
emotional valence is subserved by the mesolimbic dopaminergic system, as proposed
by Posner et al., (2005), it seems plausible that the recognition of the valence
dimension is preferentially affected in CD. In addition, dystonia patients displayed
more often anxiety, depression and specific personality traits showing however no
correlation with the performance in emotional prosody recognition. Hence, our findings
provide further evidence for the essential role that the basal ganglia implement in
emotional prosody processing and also emphasize the importance to recognize the
non-motor symptoms in patients with primary focal dystonia as complementary to the

motor deficit.
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Zusammenfassung

Die primaren Dystonien gehoren zu den drei haufigsten Bewegungsstérungen.
Unter einer Dystonie werden prolongierte Muskelkontraktionen verstanden, die zu
repetitiven Bewegungen oder abnormen Haltungen fuhren (Fahn, 1988). Wenngleich
die genannten Auswirkungen auf die Motorik im Vordergrund der Erkrankung stehen,
konnten jlungere Studien belegen, dass zusatzlich kognitive Einschrankungen sowie
affektive Stérungen begleitend auftreten kdnnen. Auch wenn diese nicht- motorischen
Symptome zunehmendes Interesse erhalten, wurde insbesondere der Bereich der
Emotionsverarbeitung bislang wenig untersucht. Es gibt Arbeiten, die auf eine
eingeschrankte Verarbeitung emotionaler Gesichtsausdricke bei Patienten mit
primarer fokaler Dystonie hinweisen, ob dies auch auf die Verarbeitung emotionaler
Sprache zutrifft ist bislang ungeklart. Als pathophysiologische Ursache der primaren
Dystonien wird eine Fehlfunktion der Basalganglien angenommen. Neben ihrer
Bedeutung fur das motorische System Ubernehmen die Basalganglien und ihre
Verbindungen wichtige nicht motorische Aufgaben 2zu denen auch die
Emotionsverarbeitung zahlt. Die Annahme, dass die Basalganglienschleifen an der
Verarbeitung emotionaler Prosodie beteiligt sind, wird gestitzt durch Studien mit
Patienten die an den Bewegungsstérungen Morbus Parkinson und Morbus Huntington
erkrankt sind. Indem Uber die Bewertung der emotionalen Pro sodie oder
Sprachmelodie unabhangig von dem Sprachinhalt (Semantik), auf das emotionale
Befinden des Sprechers geschlossen werden kann, erflllt diese einen wichtigen

Aspekt der zwischenmenschlichen Kommunikation.
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Zusammenfassung

Mittels  Ableitung der Hirnstromkurve und Berechnung sogenannter
ereigniskorrelierter Potentiale (EKP) untersuchten wir die Verarbeitung emotionaler
Prosodie bei Patienten mit primarer cervikaler Dystonie (CD, n=30) im Vergleich zu
einer Gruppe gesunder Kontrollprobanden (CD, n=30). Die Teilnehmer wurden instruiert
die auditorisch prasentierten Worte nach ihrer emotionalen Prosodie zu beurteilen. In
der sogenannten Valenzaufgabe sollte das gesprochene Wort als negativ oder positiv
und in der Arousalaufgabe als erregt oder ruhig klingend beurteilt werden. Zur
Beantwortung wurde einer von drei Antwortknopfen gedrickt. Die Ergebnisse zeigen,
dass die Dystoniepatienten bei der Aufgabe die Valenz eines gesprochenen Wortes zu
beurteilen, schlechter abschneiden. Hierbei zeigt die Analyse der korrekten Antworten
als auch der Reaktionszeiten, dass Patienten insbesondere bei der Einschatzung der
Valenz argerlich gesprochener Worte Schwierigkeiten aufweisen. Darlber hinaus zeigt
sich bei den EKP eine verminderte Amplitude der P3b Komponente in der
Patientengruppe fur alle untersuchten Emotionen (argerlich, fréhlich, traurig, entspannt)

— ebenfalls nur in der Valenzaufgabe.

Ein weiterer Aspekt der vorliegenden Arbeit war, das Personlichkeitsprofil sowie
den psychologischen Status der Patienten mit cervikaler Dystonie zu erfassen (BDI,
SCL-90-R, Depressions- and Angstlichkeitswerte) und mit dem Abschneiden bei der
Verarbeitung emotionaler Prosodie zu korrelieren. Die Ergebnisse weisen jedoch nicht
auf eine solche Korrelation hin. Auch die Schwere und Dauer der Erkrankung sowie das
Alter bei Beginn der Erkrankung zeigten keine solche Korrelation. Insgesamt spricht
dies dafir, dass das gefundene Defizit der Verarbeitung emotionaler Prosodie nicht als

Konsequenz der chronischen, den Alltag einschrankenden
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Zusammenfassung

Bewegungsstorung gesehen werden kann. Auch die Personlichkeitsmerkmale - wie
psychosomatische Beschwerden, Zeichen einer erhohten Belastung, verminderte
Extroversion - die wir gehauft bei Patienten mit cervikaler Dystonie fanden korrelierte

nicht mit der Leistung in der emotionalen Prosodieverarbeitung.

Zusammenfassend lasst sich sagen, dass die Ergebnisse der vorliegenden Arbeit
ein Defizit der Verarbeitung emotionaler Prosodie bei Patienten mit cervikaler Dystonie
belegen. Insbesondere die Verminderung der Amplitude der P3b Komponente, die sich
bei allen untersuchten emotionalen Farbungen (argerlich, fréhlich, traurig, entspannt)
fand, spricht gegen die Hypothese das nur die Verarbeitung spezifischer Emotionen
betroffen ist. Interessanterweise zeigten sich diese Veranderungen aber nur bei der
Aufgabe, die Valenz der angebotenen Worte zu beurteilen. Geht man davon aus, dass
bei der Valenzbeurteilung dem mesolimbischen dopaminergen System eine wichtige
Bedeutung zu kommt, wie es von Posner und Kollegen (2005) postuliert wurde, lasst
sich erklaren warum Dystoniepatienten insbesondere bei der Beurteilung der Valenz
Schwierigkeiten aufweisen. Insgesamt belegen die Ergebnisse erneut die wichtige Rolle
der Basalganglien und ihrer Verbindungen bei der Verarbeitung emotionaler Prosodie
und verdeutlichen, wie wichtig es ist bei Patienten mit primar fokaler Dystonie auch
nicht motorische Symptome zu beachten, die letztlich zu einer weiteren Einschrankung

der Lebensqualitat der Patienten fihren kdnnen.
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Chapter 1

Introduction

1. Dystonia

1.1 Historical overview

Dystonia was first described in 1911 by the German neurologist Hermann
Oppenheim who had observed a disorder presented with uncontrollable and bizarre
twisting movements eventually progressing in fixed abnormal postures. The illness
was initially called dystonia musculorum deformans and was later referred to as
primary torsion dystonia (Grundmann, 2005). Dystonia has been originally considered
a manifestation of a psychiatric disorder and the question of its functional or organic
origin has been largely discussed among the neuropsychiatric community. Actually,
more than half a century passed before the primary torsion dystonia was recognized
as a distinct entity and very recently physicians have accepted that this seemingly
bizarre condition was due to an organic brain disease (Marsden et al. , 1976).
Although long suspected, the hereditary basis of dystonia was finally acknowledged in
the late 1960s when Zeman and Dyken (1967) have documented the existence of an
autosomal dominant (AD) form of the disease. As a result, after all these years, a
committee consisting of members of the scientific advisory board of the Dystonia
Medical Research Foundation developed the following definition that is still in use:
“Dystonia is a syndrome of sustained muscle contractions, frequently causing twisting

and repetitive movements, or abnormal postures” (Fahn, 1988).



CAPTER 1

1.2 Clinical features

Dystonia is currently thought to represent a heterogeneous syndrome resulting
from involuntary concomitant contraction of agonist and antagonist muscles, with
overflow of unwanted muscle contractions into adjacent muscles (Tarsy and Simon,
2006). The prolonged muscle contractions cause sustained, repetitive twisting
movements and abnormal postures of t
he affected body part/s that may become fixed in the advanced cases. Tremor and
pain may be present. The abnormal movements can occur during voluntary activity
(action dystonia) and are sometimes task-specific. Some localized dystonias respond
to simple sensory tricks such as slightly touching the affected body part (geste
antagoniste).

1.3 Classification

Dystonia has different classifications according to the age of onset, body
distribution, and aetiology (Fahn et al. , 1998). Early-onset dystonia usually develops
in childhood and has a progressive course with tendency to generalise, while adult-
onset forms normally start after age of 25 yeas and have a limited tendency to spread
to neighbouring body regions (Fahn et al., 1998). The aetiological classification
includes two major categories according to the underlying cause: primary (idiopathic)
and secondary (symptomatic) dystonia. Primary dystonia is of unknown cause, except
for some cases with identified genetic mutations (Bressman, 2004), and does not
display any structural abnormalities of the CNS. Secondary dystonia has a certain
exogenous, structural or metabolic cause with lesions involving most often the
basal ganglia or thalamus (Marsden et al. , 1985; Pettigrew and Jankovic, 1985).
Alternatively, dystonia is classified according to its body distribution as focal,

segmental, hemidystonia, and generalized dystonia (idiopathic torsion dystonia).
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Focal dystonias may affect each body part but the most common forms include focal
hand dystonia (FHD), blepharospasm (BSP) involving the external eye muscles and

cervical dystonia (CD) affecting the neck region.

1.4 Epidemiology and aetiology

Dystonia currently represents the third most common movement disorder in
humans with highest prevalence of primary dystonias (Defazio et al. , 2007, 2004).
The focal adult-onset forms occur ten times more often than the generalized early-
onset forms (Greene et al. , 1995) and the cervical dystonia (CD), being the main
focus of the present study, represents the most common form of the adult-onset focal
dystonias (Defazio et al. , 2004). Primary generalized torsion dystonia is known to
have a genetic cause and is inherited exclusively in an autosomal dominant manner
with reduced (30%) penetrance (Burke et al. , 1986; Pauls and Korczyn, 1990). It
arises from GAG deletion in DYT1 gen (Ozelius et al. , 1997) that is responsible for
coding the Torsin A protein, a brain protein of unknown function with highest
concentrations in the substantia nigra (De Carvalho Aguiar and Ozelius, 2002).
Primary focal dystonia is thought to be partly genetic due to its aggregation within
certain families (Brancati et al. , 2002; Defazio et al. , 2003) but most cases appear to
be sporadic and the aetiology appear to combine genetic and environmental

factors (Defazio et al., 2007).

1.5 Pathophysiology

The pathophysiology of primary dystonia is rather complex but the main pathogenic
mechanism is thought to arise form basal ganglia dysfunction. More specifically, an
overactivity of the direct striatopallidal pathway resulting in reduced output of the

6
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internal globus pallidus and increased
excitatory thalamic input to the cortex
(Berardelli et al. , 1998, Defazio et al., 2007),
accounts for the altered inhibitory control at
different levels of the motor system causing
decreased intracortical inhibition  and
abnormal regulation of brainstem and spinal

cord inhibitory interneuronal mechanisms.

Additionally, the role of an altered sensory

= Glutamatergic

—_— ABA-ergic

— Dopaminergi

feedback in the generation of dystonic

movements has been emphasized by a Fig.1 Pathophysiology of dystonia: reduced
inhibitory GPi output and ncreased exicatory

number of studies, suggesting a defective thalamic input to the cortex; GPe, external
pallidum; GPi, internal pallidum; STN,
subthalamic ucleus; SNc, substantia nigra
compacta; SNr,substantia nigra reticulate;
DA ,dopamine;GABA, fgamabutiric acid, Glu
- glutamate.

sensorimotor integration and maladaptive
plasticity as possible pathophysiological
mechanisms contributing to the development of dystonia (Defazio et al., 2007). Using
a variety of neuroimaging techniques like volumetric imaging, voxel-based
morphometry functional MRl and PET numerous studies have recently reported
structural abnormalities of the basal ganglia (Defazio et al., 2007) that are similar in
several forms of adult - onset focal dystonias, namely putaminal
enlargement (Black et al. , 1998), increased stiatopallidal grey matter density
(Etgen et al. , 2006; Garraux et al. , 2004; Draganski et al. , 2003), enhanced
bilateral BOLD signal of putamen, caudate nucleus, internal globus pallidus and
lateral thalamus (Peller et al. , 2006) and increased metabolism in lentiform
nucleus (Magyar-Lehmann et al. , 1997; Galardi et al. , 1996). This body of evidence
not only brings insight to basal ganglia involvement in the pathophysiology

of primary focal dystonias but also suggests that besides the functional
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abnormalities subtle structural changes of the striatopallidal structures might
additionally contribute to the pathogenesis of dystonia. The role of dopamine in
dystonia is yet poorly understood (Berardelli et al., 1998). However one of the
most important breakthroughs is the discovery that dopa-responsive dystoniaarises
from mutations in a gene coding for an enzyme involved in L-dopa synthesis causing a
subsequent failure of dopamine formation (Furukawa et al. , 1998). Levodopa
replacement therapy in patients with dopa-responsive dystonia leads to a remarkable
relief of the symptoms. Moreover, recent functional imaging studies (SPECT/PET)
have documented bilateral reduction of postsynaptic dopamine D2 receptor binding in
the striatum of patients with the main forms of late-onset dystonia (Naumann et al. ,
1998; Horstink et al. , 1997; Perimutter et al. , 1997; Hierholzer et al. , 1994)
suggesting that a dopamine depletion might be involved in the pathophysiology of the
disease. However, other studies of striatal dopa uptake have revealed various
dopamine levels in primary dystonia (Playford et al. , 1993; Otsuka et al. , 1992;
Eidelberg et al. , 1995) indicating that the disorder may occur with different brain levels
of dopamine (low, high or intermediate). Therefore, the exact role of dopamine in the

pathogenesis of dystonia remains unexplained (Berardelli et al., 1998).

1.6 Is dystonia a pure motor disorder ?

In the recent years the common belief that primary dystonia is a pure motor
disorder has been challenged and the interest in none motor manifestations of the
disorder is continuously growing. Evidence indicates that the motor deficit in primary
dystonia is accompanied by cognitive distubances and psychiatric comorditity. Scott at

al. (2003) have demonstareted the presence of a selective attentional — executive
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cognitive deficit in patients with primary dystonia. Similar cognitive abnormalities in

dystonia have been corroborated by other researchers (Duane and Vermilion, 2004;
Duane, 2004; Duane and Vermilion, 2002), although few studies could not bring such
evidence (Jahanshahi et al. , 2003; Balas et al. , 2006). The cognitive deficit in
dystonia patients appears to be subtle and perhaps not significantly disabling in
everyday life (Scott et al. , 2003). However, psychiatric comorbidity has been shown
to have a significant impact on quality of life, and treating only the motor symptoms of
dystonia does not improve this fact (Muller et al. , 2002). Converging evidence points
to a higher prevalence of psychiatric disturbances in dystonia population. The
concomitant psychiatric conditions that are commonly reported in dystonia include
depression (Miller et al. , 2007; Heiman et al. , 2007; Lauterbach et al. , 2004; Moraru
et al. , 2002; Wenzel et al. , 1998; Gundel et al. , 2003; Lewis et al. , 2008), anxiety
Lauterbach et al., 2004; Jabusch et al. , 2004; Gundel et al., 2003; Moraru et al., 2002;
Wenzel et al.,, 1998), obsessive - compulsive disorders (Cavallaro et al. , 2002;
Wenzel et al., 1998; Broocks et al. , 1998; Bugalho et al. , 2006) and social phobia
(Ozel-Kizil et al. , 2008; Gundel et al. , 2001; Gundel et al., 2003; Lauterbach et al.,
2004). There is no clear consensus about the cause of this increased prevalence but
there might be a common  pathological background linking psychiatric illness
and dystonia (Heiman et al. , 2004; Gundel et al., 2003; Cavallaro et al., 2002;

Saunders-Pullman et al. , 2002).



CAPTER 1

2. Emotions

2.1 What is emotion?

Nature has developed emotions over thousands of years of evolution. As a result,
they have evolved as adaptive survival mechanism having the potential to serve as a
delicate and sophisticated internal guidance system that alerts us when our natural
human need is not being met. There is still no unified definition of emotions but it is
well accepted that they comprise several components. According to Plutchik (1984) by
emotion we refer to reactions to an appropriately evocative stimulus involving
cognitive appraisal (or perception), expressive motor behaviour, subjective
experience (or feelings), physiological arousal, and goal directed behaviour.

Charles Darwin, a pioneer in emotional research, was the first who described the
relation between emotional expression and the internal state of its sender (Darwin,
1965) suggesting that human emotions implement adaptive functions and adjust
bodily responses to various challenges in the surrounding environment. The first
popular theory of emotions, known as James-Lange theory is named after the two
scientists that independently contributed to its development, William James (James,
1884) and Carl Lange (Lange, 1885). The authors argued that stimuli eliciting
emotions first induce changes in the viscera and the autonomic nervous system and
subsequently the perception of these signals produces emotional experience. Later
on, Walter Cannon (Cannon, 1927) together with Philip Bard (Bard, 1928) challenged
the James-Lange theory and concluded that the visceral output to the brain is too

weak and insufficient to evoke emotional experience. Cannon noted that emotions da
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implicate primarily adaptive functions that had evolved to ensure survival of the
organism and represent one of the strongest motivational forces of human behavior.

Whereas James argued that emotional behaviour often precedes or defines the
emotion, Cannon and Bard clamed that the emotion arises first and then stimulates
typical behaviour. In the early 1960s, following the “cognitive revolution” in the field of
psychology, Stanley Schachter and Jerome Singer devised a new theory of emotion
that took into account the influence of cognitive factors. With regard to the pervious
theories, the scientists claimed that the variety of emotions is not matched by an equal
variety of visceral patterns and concluded that cognitive factors may be major
determinants of emotional states. Moreover, it was proposed that experiencing an
emotion would require both emotional arousal and cognitive activity (Schachter and
Singer, 1962). In parallel, Magda Arnold developed her “cognitive theory”, which
specified that the first step in emotion is an appraisal of the situation.
According to Arnold, the initial appraisal starts the emotional sequence and leads to
both the appropriate actions and the emotional experience itself. Therefore the
physiological changes, recognized as important, accompany but do not initiate the
actions and experiences. Further on, David Lazarus attempted to explain the human
behavior by looking at the structure of the brain and suggested that cognitive appraisal
of the situation in the form of judgments, evaluations or thoughts, is essential for an
emotion to occur (Lazarus, 1991). He argues that an emotion-evoking stimulus first
triggers a cognitive appraisal (conscious or unconscious assessment of the situation)
which is thereafter followed by the emotion and physiological arousal. Lazarus’s
theory emphasizes the importance of cognition for emotional experience, which is
dependent on how the individual evaluates the impact of an event on his/her self well-

being.

11
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2.2 Models of emotion

The circumplex maodel — Russell [1980)

Notljsed
Research on basic emotions began in
B Surprise
W Fear
the early 1860s with Darwin’s efforts to
o % @ Anger ral s Hapoy  §
reveal how specific mental states seek | £. e - o g
S £\ Disgust
expression and therefore cause specific @ Caimness
¢ Sac
sets of human emotional behavior. He has apntion
applied an innovative approach by using Not aroused

photographs from real life or posed by

. ) ) Fig.2 Circumplex model of affect: the
professional actors to establish which  torizontal axis represents the valence

dimension and the wvertical axis, the
facial expressions were reliably arousal/activation dimension. Figure adopted
recognized as indicating certain emotions. Darwin proposed the view that all emotions
are innate, and there are not or only small, differences in emotional expression
between different cultures (Darwin, 1872). His ideas were later on developed by
numerous basic emotion theorist (Tomkins, 1962, 1963, 1984; Eckman et al. , 1972,
1973, 1999; lzard, 1977, 1993; Panksepp, 1998 Plutchik, 1980). Paul Ekman, a
pioneer in the study of emotions, together with Friesen and Ellsworth (Eckman et al.
1972) defined six basic emotions anger, disgust, fear, joy, sadness, and surprise that
can be reliably recognized from facial expressions. According to the model of basic
emotions humans are evolutionarily endowed with a discrete and limited set of
fundamental emotions, each causing a distinct pattern of physiological, psychological
and behavioral responses and each arising from activation within unique neural
pathways of the central nervous system (Ekman, 1992; Panksepp, 1998; Tomkins,
1962, 1963). However, studying the subjective experience of emotion, researchers

have noted that individuals rarely describe feeling a specific positive emotion without

also claiming to feel other positive emotions positive emotion (Watson and Clark,1992)
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Difficulty in describing one’s own emotions suggests that individuals do not
experience emotions as isolated discrete entities but rather recognize them as
ambiguous and overlapping experiences. Indeed emotions seem to lack the discrete
borders that would clearly differentiate one emotion from another (Russell and Fehr,
1994). Thus, the extensive research on emotions yielded the development of
dimensional models of emotion regarding affective experiences as a continuum of
highly interrelated and often ambiguous states. In the two-dimensional (2-D) models
(Larsen and Diener, 1992)of affective experience dimensions have been
conceptualized in different ways: as dimensions of positive and negative affect
(Watson and Clark, 1992), tension and energy (Thayer, 1989), approach and
withdrawal (Lang et al. , 1998) or valence and arousal (Russell, 1980). Despite the
differing descriptive labels applied to these dimensions, the 2-D structure is found
consistently across a large number of studies (Posner et al. , 2005b). Currently well
recognized is Russell's circumplex model of affect (Russell, 1980) (Fig 2) according to
which each emotion can be interpreted as a linear combination of different degree
of two primary dimensions, valence (positive to negative continuum) and arousal
(calmness to excitement continuum). Interpreting Russell’'s model of affect, Posner et
al. (2005) suggest that all affective states arise from two independent
neurophysiological systems, the mesolimbic dopaminergic system underlying the

valence and the reticular formation responsible for the arousal processing.

2. 3 Communicating emotions

Emotions are communicated between humans in various ways through visual and
auditory communication channels. Thus affect may be expressed and perceived by

facial emotional expressions, gestures, postures, vocal exclamations or verbal
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utterances. A large body of research based on the theory of discrete emotions has
been performed mainly with emotional faces indicating that facial expressions are
associated with universal affective states recognizable across cultures. (Tomkins
1962, 19963; Ekman et al. , 1969, 1972,1973,1987; lzard, 1994 , 1998; Panksepp,
1998). Likewise, the vocal communication channel also provides useful and reliable
information for decoding the affective state of the sender. One important aspect of
vocal communication is the prosodic contour of a vocal emotional message, also
referred to as emotional prosody. The emotional prosody or melody of speech is a
suprasegmental feature of the language inferring the internal state of the speaker
regardless of the semantic meaning. The expression of emotional prosody is a
spontaneous involuntary phenomenon convening the inner affective state of the
speaker (Wambacq and Jerger, 2004) and its recognition is a very important aspect of
human social interaction. Affective prosody recognition depends on the analysis of
different acoustic cues conveying the emotional prosody, among which the most
important appear to be intensity, timing and fundamental frequency (Banse and

Scherer, 1996).

2.4 Processing of emotional prosody

One of the most debated questions in the field of emotional prosody research
involves the underlying neural correlates of the affective prosody processing. Recent
studies using intracranial recordings (Liegeois-Chauvel et al. , 2004) and functional
imaging (Zatorre and Belin, 2001) have provided compelling evidence for a
hemispheric specialization in the auditory processing. It has been suggested that the
left and right hemisphere differ in processing of temporal and spectral auditory

information with the right hemisphere specialized in pitch processing and the left
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hemisphere responsible for temporal information processing. Another concept of
hemispheric specialization (Peretz et al. , 1994) suggests that the processes
associated with identification of linguistic auditory objects are lateralized to the left
hemisphere (Parker et al. , 2005) while the paralinguistic aspects of vocal processing
are lateralized to the right hemisphere (Belin et al. , 2004). Besides interhemispheric
differences, a differential involvement of intrahemispheric brain areas in the
processing of emotional information is also disputed. Based on various research
findings it has been postulated that an emotional processor in the right hemisphere
functions as an analog to the speech processor in the left hemisphere (Ross and
Monnot, 2008; Goodglass and Kaplan, 1983; Ross, 1981). According to this theory,
anterior brain structures are involved in expressive tasks, whereas posterior areas
contribute to stimulus perception (Ross, 1981,1997; Cancelliere and Kertesz, 1990;
Starkstein et al. , 1994). A very comprehensive model of emotional-prosodic
processing has been proposed by Schirmer and Kotz (2006) suggesting that vocal
emotional comprehension consists of hierarchically organized sub-processes that are
differentially represented in the brain. According to this model, auditory cortex
mediates the analysis of acoustic information (Fig. 3a, stage 1) and codes frequency
and amplitude information, as well as their temporal envelope within the first 100 ms
following stimulus onset. Hemispheric differences in temporal resolution mediate a
right hemisphere lateralization for spectral processing and a left hemisphere
lateralization for temporal processing. Following basic acoustic processing, vocal
emotional expressions recruit areas along the auditory processing stream that encode
the emotional significance of vocalizations (Fig. 3a stage 2). During this processing
stage, different acoustic cues that convey emotional information are integrated as

processing progresses towards the anterior superior temporal sulcus (STS). Activity at
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the level of the STS seems lateralized to the right hemisphere and occurs with a
latency of approximately 200 ms. Emotional significance derived at the level of the
anterior STS is then available for higher order cognitive processes, such as evaluative
judgments mediated by the right inferior and orbitofrontal cortex or effortful semantic
processing associated with banter and sarcasm mediated by left inferior frontal cortex

(Fig. 3a, stage 3).

Contextual and individual significance
(a) o7 . S (b)
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Figure 2: (a) Three-stage working model for the processing of emotional prosody. Sensory processing (Stage
1): Acoustic analysis is mediated by bilateral auditory processing areas. Integration (Stage 2): Processing along
the auditory “what" pathway integrates emotionally significant acoustic information to derive an emotional
“gestalt." This pathway projects from the superior temporal gyrus (STG) to the anterior superior temporal sulcus
(STS) and might be lateralized to the right hemisphere (RH). Cognition (Stage 3): Emotional information derived
at the level of the STS is made available for higher-order cognitive processes. For example, explicit evaluative
judgments of emotional prosody are mediated by the right inferior gyrus (IFG) and orbitofrontal cortex (OFC),
whereas the integration of emotional prosody into language processing recruits inferior frontal gyrus in the left
hemi- sphere (LH). Contextual or individual significance might facilitate or enhance processing at any of the
three stages. (b) Schematic presentation of brain areas implicated in vocal emotional processing in a right
sagittal view: primary, secondary, and tertiary auditory cortex (light blue) extending to the anterior portion of the
superior temporal sulcus (dark blue), from where projections reach inferior frontal gyrus and orbitofrontal gyrus
(green). Arrows (yellow) indicate presumed processing directions (colors/numbers correspond to the
processing stages outlined in (a). Figure adopted from Schirmer and Kotz, 2006 (Copyright: Elsevier 2009).
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2.5 Neural correlates of emotional processing

Considerable research has been dedicated to the concept of right hemisphere
specialization in processing of emotional information and especially affective prosody
(Blonder et al. , 1991; Borod et al. , 1998, 2002, 1985; George et al. , 1996; Pihan et
al. , 1997; 2000; Buchanan et al. , 2000; Mitchell et al. , 2003; Mitchell, 2006; Esslen
et al. , 2004; Breitenstein et al. , 1998; Bowers et al. , 1987; Darby, 1993; Starkstein
et al., 1994; Ross et al. , 1997). However, the widely accepted notion of right
hemisphere dominance in the identification of facial and vocal emotions has been
recently challenged. Several investigations during the last decade could not support a
right hemisphere superiority for facial expressions (Cancelliere and Kertesz, 1990;
Gainotti, 1989; Stone et al. , 1996; Weddell, 1989) as well as affective prosody
(Cancelliere and Kertesz, 1990; Van Lancker and Sidtis, 1992; Pell, 1998, 2006). In
addition to right cortical areas, it appears that left cortical regions are also recruited in
processing of emotional prosodic information (Adolphs, 2002; Breitenstein et al., 1998;
Kotz et al. , 2003; Mitchell et al., 2003; Grandjean et al. , 2005; Wildgruber et al. ,
2005, 2004, 2002; Cancelliere and Kertesz, 1990) suggesting that the right
hemisphere’s participation in emotional prosody constitutes a relative rather than an
absolute dominance in this processing domain. One further theory of emotional
processing, the valence hypothesis, postulates a dominance of the right hemisphere in
the processing of negative emotions, whereas the left hemisphere is more involved in
the comprehension of positive emotions (Silberman and Weingartner, 1986; Davidson,
1995; Davidson and Tomarken, 1989; Canli et al. , 1998; Gagnon and Peretz, 2000).
The majority of studies with neurological patients, however, have not provided support
for this differentiation (Borod, 1992). Recently, attention has been brought to the
important role of the basal ganglia in emotion processing. Cancelliere and Kertesz,

1990 have reported that patients with cortical lesions and additional damage to the
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basal ganglia and/or the anterior temporal lobes show the most pronounced deficits in
emotional judgements, independent of the lesion side. Further evidence for the role of
basal ganglia in processing of emotions is provided by studies describing prosodic and
facial comprehension disturbances in patients with Parkinson’s disease,
(Ariatti et al. , 2008; Dara et al. , 2008; Schroder et al. , 2006; Yip et al. , 2003;
Breitenstein et al. , 2001, 1998; Pell and Leonard, 2003; Pell, 1996; Suzuki et al. ,
2006; Lloyd, 1999; Benke et al. , 1998), Huntington’s diseases (Speedie et al. ,
1990;Sprengelmeyer et al. , 1996), patients with subcortical brain lesions (Paulmann
et al. , 2008; Yip et al. , 2004; Calder et al. , 2004) and healthy control subjects (Kotz
et al., 2003; Wildgruber et al. , 2002; Bach et al. , 2008). Emotions are thought to differ
in distinct patterns of

changes in motor expressions, physiology and subjective feelings (Scherer, 2000).
However the question weather the recognition of distinct basic emotions is associated
with dissociable neuronal systems (Sprengelmeyer et al. , 1998) remains elusive. The
concept of separable emotion specific neuronal networks has gained support from
numerous studies on processing of emotional facial expressions. Converging
evidence point to specific anatomical structures involved in processing of fear and
disgust. The amygdala is believed to be implicated in processing of fearful facial
expressions ( Adolphs et al. , 1994, 1995, 2005; Calder et al. , 1996; Broks et al. ,
1998; Breiter et al. , 1996; Morris et al. , 1996a; Whalen et al. , 1998; Phillips et al. ,
1998) and basal ganglia and insula in processing expressions of disgust
(Sprengelmeyer et al.,, 1996; Gray et al. , 1997; Phillips et al. , 1997, 1998;
Rinnerthaler et al. , 2006). Based on meta-analysis across various imaging studies
Phan et al. , 2002(2002) have proved evidence that separate brain regions are

involved in different aspects of emotions. The authors suggest that fear processing is

18



CAPTER 1

specifically associated with the amygdala, disgust with the basal ganglia and insular
cortex, sadness with the the subcallosal anterior cingulate cortex and happiness
induction again with the basal ganglia.

Findings of specific brain regions implementing specialized functions in recognition
of vocal expressions seem to be less convergent. Nevertheless bilateral amygdala
damage has been associated with selectively impaired recognition of fearful (Phillips
et al., 1998; Scott et al. , 1997; Morris et al. , 1999; Isenberg et al. , 1999) and angry
vocalizations (Scott et al., 1997), providing evidence for functional specialization within
neural systems processing vocal emotion, though not confirmed by other studies
(Adolphs and Tranel, 1999; Anderson and Phelps, 1998). Furthermore, ratings of
vocal expressions of anger have been shown to be deficient in patients with ventral
striatum lesions (Calder et al., 2004). As indicated from studies with patients with
Huntington’s disease the basal ganglia have been found to be involved in disgust
recognition also from vocal expressions (Sprengelmeyer et al., 1996; Speedie et al.,
1990). Many of these implicated areas and their putative functional roles are
consistent with previous findings provided from anatomic descriptions, animal
experiments, and human lesion studies. However, the question of dissociable
neuronal networks subserving distinct emotions is still debated and additional
research is needed in order to fully understand the components of the neural systems

and the exact mechanisms of emotional processing.

3. Objective

Dystonia is considered to manifest basically with pure motor deficit. However,

evidence indicates that the motor disturbances in primary dystonia are accompanied
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by cognitive impairments and psychiatric comorbidity. Despite the growing interest in
the non-motor manifestations of dystonia, emotional communication processing is yet
insufficiently investigated. Survey of the literature revealed only one study addressing
the aspect of affective communication in dystonia patients while emotional processing
in other basal ganglia disorders like Parkinson’s (PD) and Huntington’s (HD)
diseases has been well studied. Rinnerthaler et al. (2006) point to a significantly
impaired recognition of disgust from facial expressions in patients with primary cervical
dystonia and blepharospasm. However, it remains unclear if affective speech
recognition in dystonia patients is also affected. Primary cervical dystonia (CD) is the
most frequent form of adult-onset focal dystonias with a prevalence 23-130
cases/1million (Defazio et al., 2004, 2007) and even though the underlying
pathophysiologic mechanisms of the illness remain unclear it is considered to originate
mainly from basal ganglia dysfunction. Based on the concept that basal ganglia are
integrated into neural circuits subserving emotional prosody processing we
hypothesized that alike other movement disorders patients with primary cervical
dystonia would encounter difficulties in decoding the prosodic contours from affective
speech. Moreover we sought to find out if a given deficit is restricted to specific
emotional categories or if the affective speech recognition is generally affected. By
using event related brain potentials, the present study aimed also to disclose the
neurophysiological correlates of emotional processing in CD patients and disentangle
the question whether potentially impaired affective prosody recognition in CD is
constrained or not to a deficient processing of the valence or arousal affective
dimension. Assuming the concept of Posner et al (2005) that the mesolimbic
dopaminergic system might be responsible for processing of emotional valence and

the reticular formation for emotional arousal, we hypothesised that CD patients will
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demonstrate deficit in processing only the valence features of a vocal emotional
massage.

Furthermore, numerous studies suggest that primary dystonia is associated with a
higher prevalence of psychiatric disorders, particularly anxiety and depression.
However, so far no conclusive data exist to answer the question if depression, anxiety
or specific personality traits correlate with deficits in recognition of emotional prosody
or facial expressions. Therefore, another aspect of our study was to consider
the psychological status and personality profile of CD patients and to determine
possible correlations with the performance of emotional prosody recognition.

Hence, in the present study we aimed to address the following questions: 1) is
primary cervical dystonia alike other movement disorders associated with a deficient
processing of emotional prosody, 2) how these potential impairments are reflected by
the elicited event related brain potentials 3) is the potential deficit restricted to specific
emotional categories or the affective speech recognition is rather generally affected, 4)
do the disturbances involve the processing of both valence and arousal features the
emotional tone or are instead constrained to one of these affective dimensions and 5)
are there any correlations between the psychopathological status and/or the

psychological profile of CD patients with the emotional prosody recognition ratings.
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CHAPTER 2

Chapter 2

Deficient Recognition of Emotional Prosody
in Primary Focal Dystonia

1.1 Abstract

Primary dystonia is a central movement disorder attributed mainly to basal ganglia
dysfunction. Besides motor control, striatopallidal structures are known to implement
non-motor functions including processing of cognitive and emotional information.
Previous research has already demonstrated deficient recognition of emotional faces
in patients with primary focal dystonia. In the present study, 30 patients with primary
cervical dystonia (CD) and 30 healthy control subjects (HC) had to classify auditory
presented words according to their emotional prosody (angry, happy, relaxed, sad).
Analysis of hit rates and reaction times revealed a significantly poorer performance of
CD patients in judging angrily intonated words. Additional psychological assessment
(SCL-90 R) demonstrated a higher level of psychological distress in CD patients who
predominantly displayed symptoms of somatization, anxiety and depression.
Moreover, dystonic patients showed accentuated personality features (FPI) regarding
strain, somatic complaints and emotionality dimensions. Together these findings in CD
patients highlight first the involvement of basal ganglia in emotional prosody
recognition and second the importance to identify the psychopathological
symptomatology in patients with cervical dystonia as complementary to the motor

deficit.
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1.2 Introduction
Primary dystonia is a central movement disorder (Fahn, 1988) considered to manifest

mainly with pure motor deficit. However, evidence indicates that the typical motor
disturbances are frequently accompanied by concomitant psychopathological
symptoms (Miller et al., 2007; Lauterbach et al., 2004; Gundel et al., 2003; Jabusch et
al., 2004; Moraru et al., 2002). Even though the exact pathophysiology of dystonia has
still to be determined, it is associated mainly with basal ganglia dysfunction (Defazio et
al., 2007; Berardelli et al., 1998). Besides their prominent role in the motor control, the
striatopallidal structures are known to implement also non-motor functions such as
processing of cognitive and emotional information (Alexander et al. , 1990).
Accumulating findings suggest that the basal ganglia and in particular the orbitofrontal
loop play an essential role in affective speech comprehension (Paulmann et al., 2008;
Pell and Leonard, 2003; Pell, 2002; Breitenstein et al., 1998). Such notion correlates
with recent neuroimaging studies demonstrating bilateral involvement of putamen and
caudate nucleus (Kotz et al., 2003) as well as pallidum and anterior insula (Wildgruber
et al., 2002) in the perception of emotional prosody. Moreover, Bach and colleagues
(Bach et al., 2008) propose that different appraisal levels of emotional prosody
processing are subserved by amygdala-prefrontal-cingulate network and that

structures like the anterior cingulate gyrus and the basal ganglia

implement a specific role in the explicit emotional prosody identification. Rinnerthaler

and colleagues (Rinnerthaler et al., 2006) have observed a significantly impaired

performance of patients with cervical dystonia (CD) and blepharospasm in recognizing
facial expressions of disgust. However, it remains unclear if the recognition of

emotional speech in primary dystonia is also affected. Deficits of vocal emotional
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communication have been reported in other movement disorders such as Parkinson’s
(Dara et al., 2008; Schroder et al., 2006; Yip et al., 2003; Breitenstein et al., 2001;
Pell, 1996) and Huntington’s diseases (Speedie et al., 1990; Sprengelmeyer et al.,
1996). In a previous study we found a deficient perception of happily and sadly spoken
words in Parkinson's disease patients as indicated by the behavioral and
neurophysiological data (Schroder et al., 2006). The present study aimed first to
address the question whether primary cervical dystonia, alike other movement
disorders, is associated with a deficient processing of emotional prosody and second
to find out if a potential deficit is restricted to selected emotional categories or the
affective speech recognition is generally affected. Based on the aforementioned
findings we hypothesized that patients with CD will display deficit in the emotional

speech recognition.

Furthermore, the concomitance of mood disorders is one possible and often discussed
confound when investigating emotional processing in patients with movement
disorders. A number of complementary studies suggest that primary dystonia is
associated with a higher prevalence of psychiatric disorders (Miller et al., 2007;
Lauterbach et al., 2004; Gundel et al., 2003; Jabusch et al., 2004; Moraru et al.,
2002), particularly anxiety and depression. However, so far no conclusive data exist to
answer the question if depression, anxiety or specific personality traits correlate
withdeficits in recognition of emotional prosody or facial expressions. Therefore, an
additional aspect of our study was to consider the psychological status and personality
profile of CD patients and to determine possible correlations with the performance of

emotional prosody recognition.
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1.3 Subjects and Methods

Patients with primary cervical dystonia (CD, n=30) and healthy control subjects (HC,
n=30) matched for age, gender and educational level participated in the experiment.
The demographic and clinical data are presented in Table 1. To exclude dementia or
clinical depression, only subjects scoring 28 or higher on the Mini-mental state
examination (MMSE) and 18 or lower on the Beck Depression Inventory (BDI) were
recruited. Each patient was classified according to the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) (Consky and Lang, 1994) and only those with mild
to moderate primary cervical dystonia (TWSTRS, M = 23.4 £ 10.6) participated in the
study. All CD patients were on a regular treatment with botulinum toxin injections
every three months and were investigated within two weeks before the next treatment
session. Three of them additionally took tricyclic antidepressants, two

benzodiazepines and one was receiving an anticholinergic medication.

None of the subjects had hearing impairments, hearing aids, otolaryngological,

psychiatric or any other neurological diseases.

The study was approved by the local ethics committee and all participants gave

written informed consent.
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Table 1: Demographic and clinical data

HC CD
Sample size, n 30 30
Age, vyr 56.6 (8.9) 56.7 (9.0)
Female/ male 16/14 16/14
Formal education, vr 12.3 (2.4) 10.8 (1.9)
MMSE score 29.5 (0.6) 29.1 (0.8)
BDI score 4.1 (4.7) 8.3 (4.8)"
TWSTRS score na 23.4 (10.6)
Duration of disease, yr na 11.2 (8.9)
Age of disease onset, vr na 45.0 (12.9)

Data presented as mean values (SD). CD, Cervical dystonia; HC, healthy controls;
MMSE, Mini-Mental State Examination; BDI, Beck Depression Inventory; TWSTRS,

Toronto Western Spasmodic Torticollis Rating Scale; * p <0.01.

1.4 Stimuli and experimental design

Thirteen two-syllable words with semantically neutral content, spoken by experienced
professional actors in four different emotional tones (angry, happy, relaxed and sad)
were pre-recorded at AD conversion rate of 44 kHz. As described by GoydkeGoydke
et al. , 2004 all stimuli were assessed by 23 naive listeners and only those eliciting
consistent evaluation were used for the experiment. The emotionally intoned words
were arranged in a modified oddball (context violation) paradigm and played in a
pseudo-random order with a probability of 0.8 for the frequent standard stimuli and of
0.2 for the rare deviants. A total of 800 words were presented in four blocks. Each
block comprised 200 words including 40 deviants. According to Russell's “Circumplex
model of affect” (Russell, 1980) all emotions can be interpreted as a combination of
varying degrees of valence (pleasure—displeasure) and arousal (high-low) dimensions.

The study involved two experimental conditions. In valence condition the participants
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were asked to rate the emotional prosody of each presented word, as positive or
negative and in arousal condition as exited or calm respectively, by pressing one of
three keyboard buttons with a third possible response “I do not know”. Each subject
participated in one of the two experimental conditions as the subgroups were matched
for age, gender and educational level. There was no significant difference for BDI and
MMSE scores, as well as for CD duration, age of onset and TWSTRS score between

the two subgroups.

Response latencies were measured from sound onset with the time-out point (time
after which responses were registered as missing) set at 2500 ms. Reaction times and

proportions of correct answers were obtained.

1.5 Psychological status and Personality profile

Additionally, all participants underwent a psychological assessment using two self-
report questionnaires: Symptom Check List - 90 - Revised (SCL-90-R)Derogatis,
1977;Franke, and Freiburg Personality Inventory (FPI-R) (Fahrenberg et al. , 2001).
The SCL-90-R is a widely used instrument for psychopatholological screening. It is
interpreted in terms of nine primary symptom dimensions: somatization, obsessive—
compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety,
paranoid ideation and psychoticism. In addition, three global indices of distress are
reported: global severity index (GSI) indicating the overall level of psychological
distress, positive symptom distress index (PSDI) - a measure for the intensity of the
experienced symptoms and positive symptom total (PST), representing the number of
the reported positive symptoms. The FPI-R (Fahrenberg et al., 2001) is a German

inventory used for evaluation of key personality features and is interpreted in terms of
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12 bipolar subscales: life satisfaction, social orientation, achievement orientation,
inhibitedness, irritability, aggressiveness, strain, somatic complaints, health concern,

frankness, extraversion and emotionality.

1.6 Statistical evaluation

Data were tested for normal distribution with Kolmogorov-Smirnov test. For
comparison between CD and HC group, Student’s t - test for independent samples
(two tailed) and Mann-Whitney U test (two tailed) were implemented for the parametric
and non-parametric data respectively. Linear Pearson’s rho analysis was performed

for additional correlations. P values of <0.05 were considered significant.

1.7 Results

The overall performance of CD patients in recognition of angry prosody was
significantly poorer as compared to the HC group (Fig. 1). Proportions of correct
responses to angry standards in CD patients (Mean, M = 0.54) were significantly lower
than in HC (M = 0.72, p=0.008). Similar results were obtained for the responses to
angry deviants (CD, M = 0.63; HC, M = 0.80; p = 0.022). The overall correct
judgments of happy, relaxed and sad emotions did not reach significant levels
between groups, neither for the standard nor for the deviant stimuli (Table 2).
Additionally, responses of both groups for valence and arousal conditions were
evaluated separately. The results of valence recognition task paralleled those of the
overall emotion recognition. The dystonic patients performed inferiorly only in judging

angry prosody, again for both standards (CD, M = 0.41; HC, M = 0.65; p = 0.013) and

deviants (CD, M =0.44; HC, M=0.77; p=0.001). In contrast, for the arousal
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condition, there were no significant differences observed between both groups for any

of the four emotions (Table 2).

Furthermore, reaction times of all responses were analyzed (Table 3). Interestingly

and in consistence with the hit rates, the only significant group difference was

obtained for angrily intonated words with slower responses of CD patients (CD, M =

1070 ms; HC, M = 947 ms; p = 0.035).

Table 2 Behavioral data of CD and HC

Emotion (n=30)

HC

CD

Valence (n=17)

P HC

CD

P

Arousal (n=13)

HC

CD

P

anarv -std  0.71 (024)

happv - 0.56 (0.28)
relaxed - 0.44 (0.28)
sad -std 0.47(0.34)
anary - 0.80 (0.21)
happv - 0.63 (0.26)
relaxed - 0.47 (0.33)

sad - dev 0.42 (0.37)

0.54
0.48
0.41
0.43
0.63
0.56
0.45
0.47

0.008 ** 0.65

0.278 0.63
0.658 0.27
0.645 0.23
0.022 * 0.77
0.303 0.66
0.862 0.23
0.638 0.14

0.41
0.53
0.25
0.19
0.44
0.56
0.27
0.18

0.013*
0.325
0.700
0.484
0.001 **
0.299
0.495
0.570

0.81
0.48
0.65
0.78
0.85
0.60
0.77
0.79

0.70
0.42
0.61
0.74
0.89
0.56
0.69
0.85

0.159
0.603
0.639
0.644
0.654
0.717
0.396
0.407

Behavioral data presented as mean (SD) proportions of correct responses (hits); CD, cervical
dystonia; HC, healthy controls; std, standard (frequent) stimuli; dev, deviant (rare) stimuli. Note
the significant difference for angry stimuli for both tasks together (emotion) and for the valence but

not for the arousal condition (*p <0.05, **p <0.01).

Table 3 Reaction times shown for CD and HC aroup

Standards Deviants
N =30 angry happy relaxed sad angry happy relaxed sad
HC 947 (212) 1043 (246) 1221 (229) 1103 (279) 985 (213) 1045 (240) 1243 (257) 1129 (243)
CD 1070 (208) * 1161 (271) 1310 (257) 1179 (232) 1037 (236) 1134 (260) 1291(231) 1213 (288)

Data presented as mean values (SD). CD, cervical dystonia; HC, healthy controls. Reaction times (ms)
measured from sound onset. Significant difference between CD and HC for angry standards, P < 0.05.
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A Standards: Hits BHC B Deviants: Hits mHC

ocb ocb
1.0 4
0.9
0.8 4

*
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0.0+ T T T )

angry happy relaxed sad angry happy relaxed sad

Mean Hitrates
Mean hitrates

Fig.1 Behavioral data of CD, cervical dystonia (n=30) and HC, healthy controls (n=30); Data
presented as mean (SD) proportions of correct (hits) responses for A. standard (frequent) stimuli
and B. deviant (rare) stimuli; *P < 0.05, **P < 0.01.

Psychological status and Personality profile

The evaluation of self-reported psychological symptoms using SCL-90-R (Fig. 2)
revealed a higher level of psychological distress in the CD group as indicated by GSI
(CD, M = 53.63; HC, M = 44.97; p = 0.005). In addition, dystonic patients responded
more often positively to the listed symptoms (CD, M = 53.90; HC, M = 46.40; p =
0.016). The intensity of the experienced symptoms in CD was also higher than in HC
(CD, M = 51.17; HC, M = 45.80; p= 0.022). Moreover, the patient group displayed
significantly elevated scores on seven out of nine primary symptom dimensions,
namely: somatization (CD, M = 52.30; HC, M = 43.47; p= 0.001), obsessive-
compulsive (CD, M =53.63; HC, M =47.43; p= 0.041), interpersonal sensitivity (CD, M
= 55.27; HC, M = 49.77; p = 0.039), anxiety (CD, M = 53.60; HC,M = 47.23; p=
0.020), depression (CD, M = 53.53 ; HC, M = 47.97; p = 0.048), hostility (CD, M =

52.23; HC, M = 47.37; p = 0.038) and psychoticism (CD, M = 52.90; HC, M = 48.73; p

= 0.044). There was no significant difference for phobic anxiety (p = 0.583) and

paranoia (p = 0.103) dimensions.
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Fig.2 SCL-90-R clinical profile of CD, cervical dystonia and HC, healthy controls.
Data presented as mean T scores; Error bars are SE; Significant difference
between CD (n=30) and HC (n=30) for somatization (SOM), obsessive-compulsive
(O-C), I-S (interpersonal sensitivity), depression (DEP), anxiety (ANX), hostility
(HOS), psychoticism (PSY), global severity index (GSI), positive symptoms total
(PST) and positive symptoms distress index PSDI; phobic anxiety (PHOB),
paranoia (PAR); *P <0.05, **P <0.01.

Evaluation of the FPI-R profile (Fig. 3) was performed on 30 HC and 29 CD
participants as one CD patient missed to fill out more than 7 items, preventing further
test interpretations (Fahrenberg et al., 2001). Patients with CD showed significantly
elevated stanine scores of strain (CD, M = 5.38; HC, M = 4.10; p = 0.010), somatic
complaints (CD, M = 5.24; HC, M = 4.07; p = 0.017) and emotionality dimensions (CD,
M = 5.41; HC, M = 4.27; p= 0.046) as well as lower scores of extroversion traits (CD,
M = 4.03; HC, M = 5.17; p = 0.025). The rest of the personality subscales did not
display any significant differences between both groups. Even though participants with
BDI scores indicating clinically evident depression were excluded, statistical analysis
revealed significant group difference (see Table 1) with higher BDI scores in CD

patients (CD, M = 8.31; HC, M = 4.23; p = 0.001).
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Fig.3 FPI-R personality profile of CD, cervical dystonia and HC, healthy control group.
Data are presented as mean stanine scores; Error bars represent SE; Significant
difference between CD (n=29) and HC (n=30) for strain, somatic complains, extraversion
and emotionality; *P <0.05, ** P < 0.01.

Additionally, no significant correlations were found between BDI, SCL-90-R- and FPI-
R variables and the performance of emotional prosody recognition. Moreover, in CD
patients, the ratings of angry prosody itself did not correlate with the disease severity,

duration and age of onset.

1.8 Discussion

To our knowledge this study is the first that addresses the processing of emotional
prosody information in patients with primary dystonia. The main finding of the present
work discloses a significantly poorer performance of CD patients in rating angrily
intonated words as compared to HC subjects. Correspondingly, the reaction times to
angry stimuli were significantly slower in the CD group. Thus, in agreement with our
hypothesis these results imply a deficient processing of emotional prosody in patients

with primary cervical dystonia. Therefore, it appears that not only the recognition of
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emotional facial expressions (Rinnerthaler et al., 2006) but also the perception of

affective speech in CD might be affected.

Hence, the question arises how changes of emotional prosody processing can be
explained in a disorder which is normally manifested with pure motor deficit. Even
though the exact pathophysiology of primary dystonia remains unclear, it is attributed
mainly to basal ganglia dysfunction and more specifically to overactivity of the direct
stritopallidal pathway resulting in reduced globus pallidus internus output (Berardelli et
al., 1998; Defazio et al., 2007). Besides the prominent sensorimotor function, the
basal ganglia are known to be additionally involved in distinct non-motor processes
such as emotional-motivational and cognitive operations (Alexander et al., 1990).
Moreover, converging evidence from studies with Parkinson’s disease patients (Pell
and Leonard, 2003; Breitenstein et al., 1998), subcortical brain damage (Paulmann et
al., 2008) and healthy subjects (Kotz et al., 2003; Wildgruber et al., 2002; Bach et al.,
2008) suggest that striatopallidal structures play a crucial role in emotional prosody

processing.

It is important to note that the present study demonstrated a deficit only for the
recognition of angrily intonated words in CD patients. Generally, it appears that in
basal ganglia disorders mainly the processing of emotions with negative connotation is
disturbed. As cited above, individuals with CD and blepharospasm demonstrate a
deficient decoding of disgust from facial expressions. By using fMRI Calder and
colleagues (Calder et al., 2004) found that patients with lesions restricted to the
ventral striatum display a disproportionate deficit in recognition of anger from facial
and vocal expressions in contrast to the control group with more dorsally located
lesions of the basal ganglia. Furthermore, Johnson and colleagues

(Johnson et al. , 2007) reported significantly less accurate recognition of negative
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emotions (anger, disgust, fear, sadness) in Huntington’s disease gen carriers.
Likewise, several studies point to a deficient perception of emotional prosody with
mainly negative connotation in patients with Parkinson's disease (Dara et al., 2008;
Pell et al. , 2006; Yip et al., 2003). However, assuming the concept of dissociable
neuronal systems responsible for negative/ positive emotions processing
(Sprengelmeyer et al., 1998), CD patients should have displayed deficits also in rating
sadly intonated words. Hence, our findings appear to comply rather with the idea that
separate neuronal networks are accounted for the recognition of individual emotions
(Sprengelmeyer et al., 1998; Blair et al. , 1999). Moreover, our results reveal a
significant difference between CD and HC for emotional prosody ratings only in the
valence but not the arousal condition. A similar dissociation has been reported by
Dara and colleagues’ in patients with Parkinson's disease. Posner and co-authors
(Posner et al., 2005b) suggest that the processing of emotional valence is subserved
by the mesolimbic dopaminergic system which can offer at least to some extent
a plausible explanation for the poorer performance of CD patients in the valence

recognition task.

However, some limitations of the present study have to be addressed. The ratings of
sadly and relaxed intonated words ranged low even for HC subjects and thus a
potential deficit in processing these emotions in CD could have been missed.
Additional studies using complete sentences could help to further elucidate if the

described deficit in CD is indeed confined to angrily intonated speech.

In line with the literature (Gundel et al., 2003; Moraru et al., 2002; Jabusch et al.,
2004) analysis of the SCL-90-R and BDI scores revealed higher level of psychological
distress in dystonic patients with especially pronounced symptoms of somatization,

anxiety and depression. Herewith, the question arises if the deficient processing of
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angry prosody correlates with the higher level of anxiety and depression. Evidences
indicate that increased activity in the orbitofrontal cortex correlates not only with the
explicit processing of angrily intonated speech but also with proneness to anxiety
reactions (Sander et al. , 2005) Moreover, it is being suggested that patients with
social anxiety disorders are less sensitive to facial expression of anger and disgust
and that this deficit might even play a role in the development of social anxiety
(Montagne et al. , 2006). Therefore, one could speculate that the observed impairment
in emotional prosody processing in CD might somehow contribute to the frequently
endorsed psychopathological symptoms. On the other hand, anxiety (Lauterbach et
al., 2004; Jabusch et al., 2004) and depression (Heiman et al., 2004) may precede or
develop independently of the clinical manifestations of dystonia and thus may not be
considered as psychoreactive phenomena to a chronic debilitating disease (Gundel et
al., 2003; Heiman et al., 2004; Moraru et al., 2002). Jabusch and colleagues (Jabusch
et al., 2004) tried to disentangle this last question with regard to anxiety in musicians
with focal hand dystonia concluding that anxiety was present before onset of the
playing-related disorder. It is further discussed that reduced cortical inhibition might
play a role in primary dystonia (Ridding et al. , 1995; Hummel et al. , 2002) as well as
in trait anxiety and depression (Wassermann et al. , 2001) implying a possible
common pathological background of these conditions. Interestingly, our results did not
demonstrate a significant correlation between the performance in the emotional
prosody recognition task and CD severity, duration and age of onset or BDI score and
SCL-90-R general distress, depression, and anxiety scores implicating that the deficit
is rather primary in nature. Likewise, Pedrosa Gil and colleagues (Pedrosa Gil et al. ,

2009) noted that neither depression nor anxiety correlated with the accuracy of

emotional faces recognition though other studies found inverse correlation of overall
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psychological distress and severity of the psychiatric symptoms with the recognition of

emotional faces (Csukly et al. , 2008).

Finally, personality evaluation disclosed some specific characteristics of the CD
patients. Concerning somatic complaints traits, we replicated the findings of Jabusch
and colleagues (Jabusch et al., 2004) with regard to the prominent somatic complaints
displayed in CD. In addition, we found accentuated strain and emotionality features in
the patient group as well as less pronounced extroversion characteristics.
Psychosomatic symptoms reflecting generally more intense perception of bodily
sensations seem to be frequently observed in CD patients (Jabusch et al., 2004;
Gundel et al., 2003; Moraru et al., 2002). Individuals with higher strain scores are
described as feeling overloaded, living in time emergency and constantly confronting
with difficult challenges at work and/or personal life. Concerning the emotionality
domain dystonia patients appear to be more neurotic, prone to emotional instability
and with lowered frustration tolerance. Moreover, CD patients tend to be less
extroverted than HC subjects. However, the specific personality traits in CD did not
correlate with the severity, duration or age of dystonia onset or with the performance
in the emotional prosody recognition task suggesting that individuals with certain
personality structure might be rather prone to develop dystonia instead of prominent

personality features to evolve as a reaction to a chronic debilitating disease.

In summary the present study demonstrated a deficient processing of emotional
prosody recognition in patients with primary cervical dystonia. Furthermore, in line with
the literature, dystonia patients displayed more often anxiety, depression and some
specific personality features. These findings emphasize the importance to recognize

non-motor symptoms in patients with primary focal dystonia and highlight the

essential role of basal ganglia in emotional prosody processing.
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Chapter 3

Deficient Processing of Emotional Valence
in Primary Cervical Dystonia: ERP study

1.1 Abstract

Although primary focal dystonia is perceived by its impact on motor functions, non-
motor symptoms affecting cognition and emotionality are recently receiving increased
attention. The objective of the present study was to investigate the neurophysiological
correlates of emotional prosody recognition in patients with primary cervical dystonia
(CD, n=29) in comparison to healthy control subjects (HC, n=29), with regard to
processing of valence and arousal affective dimensions. Event-related brain potentials
(ERP) were recorded in a modified oddball paradigm under active target detection
instructions. As it was predicted the results disclosed a significantly poorer
performance of CD patients in classifying emotional prosody. ERP generated by
emotional targets (angry, happy, relaxed, and sad) showed significantly smaller P3b
amplitudes in CD patients as compared to healthy controls. Moreover, these changes
were observed for the recognition of valence but not arousal emotional dimensions of
the auditory presented stimuli. These data point to a deficient processing of the
valence cues conveying the affective tone in CD and disturbances in the attentive
evaluation process across all investigated emotional categories. In line with the
literature the findings emphasize the importance of intact basal ganglia function in

emotional prosody processing.
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1.2 Introduction

Deficits of vocal emotional communication have been frequently reported in
movement disorders such as Parkinson’s (Ariatti et al., 2008; Dara et al., 2008;
Schroder et al., 2006; Yip et al.,, 2003; Breitenstein et al., 2001,1998; Pell and
Leonard, 2003; Pell, 1996; Lloyd, 1999; Blonder et al. , 1989) and Huntington’s
disease (Sprengelmeyer et al., 1996; Sprengelmeyer et al., 1996). These deficits
presumably arise from dysfunction of the basal ganglia, which besides its major motor
control functions are involved in processing of cognitive and emotional information
(Alexander et al., 1990). Indeed, evidence indicates that the striatopallidal structures
are integrated into neural circuits subserving processing of emotional prosodic
information and are considered to implement a crucial role in affective speech
comprehension (Van Lancker Sidtis et al. , 2006; Pell, 2006, Pell, 2002; Pell and
Leonard, 2003; Breitenstein et al., 1998). This concept is being consistently supported
by numerous studies with Parkinson’s disease patients (Dara et al., 2008; Pell and
Leonard, 2003; Breitenstein et al., 2001,1998; Pell, 1996), subcortical brain damage
patients (Paulmann et al., 2008; Calder et al., 2004; Cancelliere and Kertesz, 1990)
and healthy subjects (Bach et al., 2008; Kotz et al., 2003; Wildgruber et al., 2002;
Morris et al., 1999). However, while the impairment in emotional prosody processing
associated with Parkinson’s (PD) and Huntington’s (HD) disease has been well
studied, findings from other basal ganglia disorders like primary dystonia are still
limited. Primary dystonia is a major movement disorder (Fahn, 1988) that is generally
considered to exhibit only motor deficits. Its pathophysiology, although not fully
understood, has been ascribed mainly to an impaired basal ganglia function and in
particular to an overactivity of the direct stritopallidal pathway resulting in

reduced globus pallidus internus output (Defazio et al., 2004; Berardelli et al.,
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Berardelli et al., 1998). In a previous study (unpublished data) we demonstrated a
deficient perception of emotionally spoken words and in particular angrily intoned ones
in patients with primary cervical dystonia (CD). Moreover these results were in line
with earlier findings of Rinnerthaler et al. (2006) who have reported a deficient
recognition of disgust from emotional facial expressions in primary cervical dystonia
and blepharospasm patients. It appears that alike other movement disorders the
emotional processing in patients with CD is also disturbed. However, the question why
only the recognition of particular emotions like anger or disgust seems to be affected
in CD remains open. Since the aforementioned studies rely only on analysis of
behavioral data some possible response-independent changes of emotional prosody
processing might have been missed. In a study investigating emotional prosody
perception in Parkinson’s disease patients by means of event related brain potentials
(ERP), Schroder et al. (2006) have demonstrated significantly lower P3b amplitudes
elicited by happily intonated words in the PD group. On the other hand, ERP findings
of Paulmann et al. (2008) have not disclosed any significant differences between
patients with BG lesions and healthy controls with respect to expectancy positivity
potentials (reflecting rapid changes detection of emotional prosodic contours) although
the behavioural data have corroborated a deficient emotional prosody processing in
the same patient group. So far, the electrophysiological correlates of emotional
prosody processing in patients with primary dystonia have not been investigated. If
one assumes that CD goes along with deficits in emotional prosody processing, an
integrated analysis of behavioral and ERP data could further elucidate if only particular
emotions are affected or the deficit is somehow more general in nature. According to
the “Circumplex model of affect” (Russell, 1980) all emotions can be interpreted
as a linear combination of varying degrees of valence (pleasure—displeasure) and

arousal (high-low) continuum in a two dimensional space. Increasing evidence
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supports the existence of distinct neural systems subserving these two dimensions of
affect (Gerber et al. , 2008; Posner et al. , 2005). Posner et al. (2005) have suggested
two fundamental neurophysiological systems as possible neuroanatomical correlates
of the ‘circumplex model of affect’: the mesolimbic dopaminergic system underlying
the processing of emotional valence and the reticular formation (through its
connections with the limbic system and thalamus) to be associated with emotional
arousal. In a behavioral study of emotional prosody perception in PD, Dara et al.,
(2008) have demonstrated a poorer performance of PD patients in recognizing the
valence of anger, disgust, and fear while the arousal judgements of the same
emotions seemed unaffected. The authors argued that a preferential involvement of
the basal ganglia in the processing of certain negative emotions irrespective of their
degree of arousal may account for the displayed in PD deficient processing of the
valence dimension. In line with these findings in a previous study (unpublished data)
we observed similar dissociation of impaired emotional prosody comprehension in CD
patients associated only with the recognition of valence affective dimension. In
contrast, other researchers (Breitenstein et al., 1998) have proposed that prosodic
comprehension difficulties in PD might arise from a deficient processing of certain
acoustic parameters like increased mean pitch which tends to correlate with arousal
comprehension. Hence, the question arises if inefficient processing of certain affective
properties of the prosodic information might account for the deficient emotional
prosody recognition in CD.

In the present study we aimed to disclose the neurophysiological correlates of
emotional prosody processing in CD patients and disentangle the question whether
impairment in the affective speech recognition in CD patients is indeed constrained to
the deficient processing of only the valence affective dimension. To test the

hypothesis that basal ganglia dysfunction would affect the recognition of the valence
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features of emotional speech, we conducted an event-related brain potentials study.
Due to its excellent time resolution the ERPs technique serves as an ideal tool to
investigate the time course of the late “higher” cognitive functions and has already
been used to study emotional prosody processing (Kotz and Paulmann, 2007;
Schirmer and Kotz, 2006; Schroder et al., 2006; Bostanov and Kotchoubey, 2004;

Wambacq and Jerger, 2004).

1.3. Methods

1.3.1 Subjects

Patients with primary cervical dystonia (CD, n=29) and healthy controls subjects (HC,
n=29) matched for age, gender and educational level participated in the study. The
demographic and clinical data are presented in Table 1. All participants were native
German speakers. Dystonia patients were recruited from the botulinum toxin
outpatient clinic of the Medical School of Hannover, Germany and classified according
to the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) (Consky and
Lang, 1994). Only patients with mild to moderate CD (TWSTRS, mean score 24.0 +
10.5) and minimal or lacking head tremor were investigated. To exclude clinical
depression or cognitive impairments all participants underwent Mini Mental State
Examination (MMSE) and Beck Depression Inventory (BDI) screening. Subjects
scoring lower than 28 on MMSE and higher than 19 on BDI were not recruited. All
dystonia patients were receiving botulinum toxin injections every three months. The
neurophysiological recordings were performed within two weeks before the next
treatment. Additionally, two patients were taking tricyclic antidepressants, one had
benzodiazepine, one - anticholinergic medication and one was receiving an

antidepressant and benzodiazepine.
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All subjects lacked any additional neurological diseases, psychiatric and

otolaryngological disturbances.

The study was approved by the local ethics committee and was conducted
according to the Declaration of Helsinki. All participants signed a written informed

consent.

1.3.2 Stimuli and Experimental design

Different two-syllable words (selected from CELEX database) with semantically
neutral content were spoken by two professional actors (male and female) in four
different emotional intonations (angry, happy, relaxed, and sad). The auditory material
was pre-recoded in a quiet room at 44 kHz AD rate. The acoustic parameters of the
stimuli are presented in Table 2. Thirteen frequently used words were chosen in order
to avoid similarities in the physical characteristics of the stimuli and to rely on more
cognitive judgements of the subjects. The stimuli were validated by 23 naive listeners
who rated separately the valence (-2 = very negative, 0 = neutral, +2 = very positive)
and arousal (-2 very calm, 0= neutral, +2 = very exited) dimensions as well as the
emotional category (angry, happy, relaxed, sad) of the affective intonation. Only
consistent evaluations were used for the experiment. The emotionally intonated words
were arranged pseudo-randomly in a modified oddball (context violation) paradigm
with a probability of 0.8 for the frequent standard (std) and of 0.2 for the rare deviant
(dev) stimuli. A total of 800 words were presented in four blocks. Each block
comprised 200 words (std/dev, 160/40) as each emotion was introduced as standard
and deviant stimulus and presented 200 times as a total. The std-dev stimuli in each

block differed by their opposite valence (positive-negative) in valence condition and
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Table 1: Demographic and clinical data

Controls Dystonia
29 29

Age, yr 55.9 (8.3) 56.2 (8.8)
Gender fim 16/12 16//12
Education, yr 12.6 (2.5) 10.6 (1.7)
MMSE 29.6 (0.5) 29.1 (0.8)
BDI 4.7 (5.3) 8.6 (4.7)
TWSTRS na 24.0 (10.5)
Duration, yr na 10.7 ( 9.0)
Age of onset, yr na 45.8 (11.7)

Data presented as mean values (SD). CD, Cervical dystonia; HC, healthy controls; MMSE,
Mini-Mental State Examination; BDI, Beck Depression Inventory; TWSTRS, Toronto Western

Spasmodic Torticollis Rating Scale.

opposite arousal (calm-exited) in arousal condition respectively (see Table 3). The
emotionally intonated words were delivered with an ISI of 2500 ms considered from
stimulus onset. In order to avoid higher error rates for a particular emotion due to
fatigue at the end of the experimental session, blocks were presented in an alternating
succession. The study involved two experimental conditions. In the valence condition
the participants were asked to rate the emotional prosody of each presented
word, as positive or negative and in the arousal condition as exited or calm
respectively, by pressing one of three keyboard buttons with a third possible response
“I do not know”. Each subject participated in one of the two experimental conditions

as the subgroups were matched for age, gender and educational level. There was no
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significant difference for BDI and MMSE scores, as well as for CD duration, age of
onset and TWSTRS score between the two subgroups.
Response latencies were measured from sound onset with the time-out point

(time after which responses were registered as missing) set at 2500 ms.

Table 2: Acoustic parameters of the stimuli

Stimuli Intensity (dB)  Pitch (Hz) Duration (ms)
Angry 76.7 (2.5) 203.0 (49.2) 642.4 (122.7)
Happy 77.2 (3.4) 216.4 (57.5) 695.6 (341.6)
Relaxed 76.7 (3.2) 157.1 (42.5) 1053.6 (341.6)
Sad 76.0 (3.2) 178.6 (57.7) 664.6 (195.9)

Table 3: Experimental paradigm

Valence Arousal
standards  deviants standards deviants
Block | angry happy angry sad
Block I happy angry happy relaxed
Block Il relaxed sad relaxed happy
Block IV sad relaxed sad angry
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1.3.3 ERP acquisition and analysis

The brain electrical activity was recorded by means of ‘Neuroscan’ system (Herndon,
Virginia, USA) with 250Hz A/D conversion rate and analogue filter pass band 0.05 -
50Hz. The EEG acquisition was carried out using ‘Easy cap’ (EASYCAP GmbH,
Herrsching-Breitbrunn, Germany) and 31Ag/AgCl electrodes placed on the scalp
according to the extended international 10-20 system (Jasper, 1958). The impedance
was measured for all electrodes before the EEG acquisition and kept under 5kOhm
during the entire recording procedure. The common reference electrode was
positioned at the left mastoid process and two additional electrodes were placed
infraorbitally and at the lateral canthus of the left eye for monitoring of the electro-
ocular activity. Data were analysed and averaged off-line using EEGLAB software
(Delorme and Makeig, 2004) after digital filtering with 0.1 - 30 Hz and artefacts
rejection was carried out. EEG epochs were time-locked to the stimulus onset for a
time window of 1500 ms including 500 ms pre-stimulus interval and the baseline was
corrected for the -500 ms pre-stimulus period. Electroocular artefacts (ocular
movements and eye blinks) and signal contaminating muscle activity were corrected
using blind source separation algorithm implicating canonical correlation analysis
(G'omez-Herrero et al. , 2006; De Clercq et al. , 2006). As the research hypotheses
focuses on the P300 (P3b) component, we do not describe the elicited P200 and
N400 waveforms. Further on in that paper we refer to the P3b component, defined as
the largest positive-going peak occurring within 250-500 ms latency range with a peak

amplitude maximum at parietal electrode sites.
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1.4 Results

The P3b component mean amplitudes, quantified for a time window of 250-
440msat Fz, Cz and Pz electrode sites, were implemented for statistical evaluation.
Repeated measures analysis of variance (ANOVA) was performed including the
factors emotion (angry, happy, relaxed, sad) and electrode site (Fz, Cz, Pz) as within-
subject factors and group (HC, CD) as between-subject factor. Huynh-Feldt epsilon
correction was used when appropriate. P values smaller than 0.05 were considered

significant.

1.4.1 Valence condition - P3b component

Significant group differences with a main effect for factor Group were obtained for both
standards (F (1.120) = 18.687, p = 0.000) and deviants (F (1.120) = 16.457, p =
0.000). The factor Electrode also yield a significant main effect for both the frequent (F
(1.592) = 9.159, p = 0.001) and the rare (F (1.533) = 11.879, p = 0.000) stimuli.
Additionally, a significant interaction between the factors Group and Electrode was
observed for the standard (F (1.592 = 9.403, p = 0.000) as well as for the deviant
stimuli (F (1.533) = 4.833, p = 0.016). No significant Group x Emotion x Electrode
interaction effect was not observed neither for the standards nor for the deviants.
Furthermore, to compare group differences for each emotion two tailed t-test for
independent samples was applied for the central and posterior meadline electrodes.
Analysis revealed significantly lower mean amplitudes in CD group at Pz electrode site
for all four emotions besides for angry deviants stimuli: angry std (CD, M =- 0.84; HC,
M =3.38; p = 0.01), happy std (CD, M =-0.31; HC, M = 3.10; p = 0.011), relaxed std

(CD,M=-1.21; HC, M =1.88; p = 0.05), sad std (CD,M=-1.44; HC,M=2.12; p=
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0.001), happy dev (CD, M =-0.98; HC, M = 2.95; p = 0.000), relaxed dev (CD, M = -
1.73; HC, M = 1.98; p = 0.001), sad dev (CD, M =-1.54; HC, M = .85; p = 0.036).
Additionally the same effect was observed at Cz electrode for angry std (CD, M = -
1.55; HC, M = 2.03; p = 0.031) and sad std (CD, M =-1.75; HC, M = 1.40; p = 0.025)
as well as trend values for happy std, p = 0.082 and relaxed std, p = 0.064 stimuli. The
deviant stimuli demonstrated significant effect at the Cz electrode only for happy (CD,
M = -1.39; HC, M = 2.22; p = 0.008) and relaxed (CD, M =-1.75; HC, M =1.27; p =
0.027) emotions respectively. Results are presented on Fig. 1A and 2A. The data
indicate that in valence condition, the significant group differences involve mainly the
posterior electrode sites but also spread to the central electrode sites and is more

pronounced for the standard stimuli.

1.4.3 Arousal condition - P3b component

Arousal condition (Fig.1B and 2B) yielded significant differences with main effect of
the Group factor (F (1.96) = 6.980, p = 0.010) for the standard but not for the deviant
tones. Likewise, in the valence condition factor Electrode reached significant levels for
both the standards (F (1.865) = 18.959, p = 0.000) and the deviants (F (1.6 78) =
10,787, p = 0.000). Significant effect of Electrode x Group interaction was observed
again for both the frequent (F (1.865) = 3.993, p = 0.23) and the rare (F (1.678) =
4.886, p= 0.13) prosodic stimuli. No significant Group x Emotion x Electrode
interaction effect was found for both standards and deviants. The main Group effect of
the standard tones was further evaluated by independent samples t- test (two tailed)
for the central and posterior electrodes but results did not reach significant values.

Additionally, paired t-test (two tailed) was performed to compare the P3b

amplitudes at the left and right hemisphere’ frontal, central and posterior electrode
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sites (F3-F4, C3-C4, P3-P4). Results did not show significant differences for both
groups and both tasks (valence and arousal), indicating a lack of lateralization effect

for any of the four emotions.

1.4.3 Behavioral data

Proportions of correct responses were obtained and compared by t-Test for
independent samples (two tailed). Additionally, linear Pearson’s rho analysis was
employed to correlate the performance in CD for both experimental conditions with the
BDI and the TWSTRS scores as well as with the age of onset and duration of the
dystonia.

The results for the valence condition disclosed significantly poorer performance of
the dystonia patients on the emotional prosody recognition task for angry standard
(CD, M = 0.42; HC, M= 0.63; p = 0.030) and angry deviant (CD, M = 0.45; HC, M=
0.76; p = 0.003) prosodic stimuli. No significant differences were found for the other
emotions. Arousal condition did not demonstrate any significant between group
differences.

Finally, no significant correlations were found between BDI score and the
performance of emotional prosody recognition in CD patients. Moreover, the ratings of
the affective tone across all emotions for both conditions did not correlate with the

disease severity, duration and age of onset of the dystonia.
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1.5 Discussion

The present study revealed an impairment of emotional prosody processing in
patients with primary cervical dystonia who demonstrated significantly poorer
performance in classifying emotionally intonated words as compared to HC subjects.
Importantly, as indicated by both behavioural and neurophysiologic data, this deficit
was found only for the valence judgements of emotional tone whereas in the arousal
task no group differences were observed. Moreover, while in the valence condition the
behavioural data disclose deficient processing of angry prosody the obtained ERPs
revealed significantly diminished P3b amplitudes in the CD group across all
investigated emotional categories (angry, happy, relaxed and sad).

The P3b component is normally associated with target evaluation and
categorization processes (Luck, 2005). It is also considered to be a sensitive measure
of subject’'s capacity to allocate attentional resources towards a certain stimulus
(Johnson et al., 2004). Accordingly, the more efforts the subject devotes to a difficult
task the larger the P3b component. However its amplitude may attenuate if the subject
is less certain about the category of a given stimulus and dedicates more efforts for its
evaluation (Luck, 2005). Therefore it might be assumed that the deficit in emotional
prosody recognition as reflected by smaller P3b mean amplitudes in CD might partly
be related to somewhat limited abilities of CD patients to allocate their attentional
resources under higher demand processing task. In this respect, Scott et al. (2003)
have reported the presence of selective attentional — executive deficit in patients with
primary dystonia, who have displayed significant attentional set-shifting impairment.
Likewise, Duane and Vermilion (2004) in a study investigating the affect and cognition
in CD patients with tremor, have described a prominent deficit with regard to the visual

attention in that particular group.
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According to Schirmer and Kotz (2006) vocal emotional processing comprises
basic analysis of acoustic information like frequency, intensity and temporal
information that occur within the first 100 ms after stimulus onset, followed by
integration of those acoustic cues and encoding of their emotional significance
occurring at approximately 200 ms. The derived emotional significance is then
available for higher order cognitive processes, such as evaluative judgments mediated
by the right inferior and orbitofrontal cortex or semantical processing. Hence, the
observed changes of the P3b component in CD patients point to a deficit at the late,
“higher” attention-dependent cognitive stages in the emotional prosody processing.
Importantly, as it was predicted, the emotional processing deficit appeared to be task
specific. Namely, the P3b amplitude was significantly smaller only when CD patients
rated the valence dimension of the emotional tone while there was not difference
between the two groups for the arousal task across any of the four emotions.
Moreover, these results are in agreement with our previous findings (unpublished
data) demonstrating poorer performance of CD patients only for the valence but not
the arousal classification task. Hence the data of the present study disclose altered
emotional prosody recognition in CD that appears to be rather specific and
constrained to the perception of valence affective dimension. The question arises how
this specific deficit in processing the valence cues of the emotional prosodic contour
might be explained in a disorder involving basal ganglia dysfunction. In a behavioral
study on emotional prosody perception Dara et al. (2008) have reported a similar
dissociation of these two affective dimensions in PD patients. The authors
demonstrated a poorer performance of PD patients in recognizing anger, disgust,
and fear by assigning significantly higher valence ratings to these emotions than the
healthy control group while there were not differences in rating the communicated

arousal emotional features. Moreover it is being further suggested that a preferential

62



CHAPTER 3

involvement of the basal ganglia in processing certain negative emotions, irrespective
of their intensity of expression might account for the misjudgement of only valence
affective dimension in PD. In line with these findings in the present study the
behavioral data indeed showed only a deficient evaluation of the valence of angrily
intonated words. However, ERP analysis points to a more general deficit as the mean
amplitudes of the P3b component elicited in the valence task were diminished for all
investigated emotional categories including those with positive valence (happy and
relaxed). One possible explanation for the specific impairment in CD for the
recognition of only the valence dimension might be the derived from the concept of
Posner et al. (2005) suggesting two fundamental neurophysiological systems that
might serve as neuroanatomical correlates of the ‘circumplex model of affect: the
mesolimbic dopaminergic system underlying the processing of emotional valence and
the reticular formation (through its connections with the limbic system and thalamus)
to be associated with emotional arousal. The dopaminergic neurons of the mesolimbic
system originating from the ventral tegmantal area spread their projections to nucleus
accumbens, regarded as the main constitute of the ventral striatum (also referred to as
extended limbic system) which in turn is integrated in the cortico-striatal-thalamo-
cortical limbic loop considered to play a role in emotional processing (Alexander et al.,
1990). Moreover, even though the pathophysiology of primary dystonia is complex and
yet not fully understood, it is attributed mainly to basal ganglia dysfunction and more
specifically to overactivity of the direct striatopallidal pathway resulting in reduced
globus pallidus internus output and abnormal cortical excitability (Defazio et al. , 2007;
Berardelli et al., 1998). Therefore the mesolimbic projections to the ventral striatum
might also be somehow engaged in these dysfunctional processes, resultingin a
deficient processing of the valence features of emotional prosody. Future studies

using functional neuroimaging techniques might help to bring further insight on the
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neuroanatomical systems subserving the valence and arousal processing.

Besides the idea of valence and arousal specific neuronal networks an alternative
explanation for the deficient emotional prosody recognition in CD might be that
dystonic patients are not able to process as efficiently the physical acoustic patterns
that constitute the prosodic valence of an emotional stimulus. The decoding of
emotional prosody is a complex process that requires analysis and integration of a
variety of acoustic cues, among which intensity, duration and fundamental frequency
(Fo) seem to play the most important role (Banse and Scherer, 1996; Scherer, 1986).
It is being well established that a high level of physiological arousal is associated with
high mean fundamental frequency (Fo), higher Fo variability and increased vocal
intensity (Bachorowski, 1999; Scherer et al. , 1991). However, emotions associated
with high arousal but different valence can be distinguished by different patterns of Fo
changes over the time course of an emotional utterance with a decreasing Fo for
negative and increasing Fo for positive emotions. Hence the demonstrated deficits in
CD patients in the valence task might arise from inefficient processing of the temporal
cues conveying the presented speech signal. Support for this idea might be drawn
from previous research in patients with Parkinson’s disease (Breitenstein et al. 2001)
which have demonstrated impairment in processing of speech rate information
implying an increased temporal discrimination threshold and underestimation of time
interval durations in PD patients. Recent findings in primary dystonia elicited ERPs in
have disclosed the presence of temporal discrimination disturbances with increased
temporal discrimination threshold to somatosensory stimulation (Defazio et al., 2007,
Tinazzi et al., 2002). Therefore, it is possible that the deficient emotional prosody
recognition in CD arises from inefficient temporal discrimination of one/more acoustic
parameters like detection of rapid pitch changes in emotional prosodic contours or

evaluation of temporal cues that are important for valence discrimination. Future
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studies using stimuli with systematic modulation of temporal and spectral cues of
emotional prosody could help to further elucidate if this phenomenon indeed holds true
for patients with primary focal dystonia.

Finally, the question of concomitant mood disorders, as one possible and often
discussed confound when investigating emotional processing in patients with
movement disorders has to be considered. Taking into account that subjects suffering
from depression were excluded from the experiment as well as the lack of correlation
between the emotion recognition tasks and the BDI scores, it seems that the displayed
in CD deficits in emotional prosody recognition does not arise from a depressive state.
Moreover, the performance of CD patients on the arousal recognition task did not
differ significantly from the healthy control group. Likewise, dystonia severity, duration
and age of onset did not correlate with the behavioural data for both experimental
conditions suggesting that the emotion recognition impairment does not appear to be
a secondary, reactive phenomenon to a chronic and debilitating disease but rather
primary in nature.

In conclusion, consistent with previous research on emotional prosody processing
in other basal ganglia disorders, the present study disclosed a deficit in emotional
prosody recognition in patients with primary cervical dystonia. As indicated by the
elicited ERPs in the patient group it appears that the impairment engages the late
attentive processing stages and might arise from a limited reallocation of attentional
recourses in CD under the high demanding task of emotional prosody processing.
Importantly, the described deficit seems to be restricted to the recognition of the
valence dimension of affective prosody sparing the ability to identify the degree of
arousal conveying the emotional tone. It is noteworthy that in the valence task the
disclosed by the elicited ERPs deficit in CD involved all investigated emotions (happy,

angry, relaxed, sad) suggesting that the disturbed emotional prosody comprehension
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in CD patients is rather general in nature than restricted to the processing of distinct
emotional categories like results of former studies imply. Taken together these
findings provide further insights in the important contribution of the basal ganglia

circuits in emotional prosody processing.
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Discussion

To our knowledge, the present study is the first one addressing the emotional
information processing via the auditory communication channel in patients with
primary cervical dystonia. By employing behavioral and neurophysiological methods,
we aimed to find out if CD patients, similarly to other movement disorders, encounter
difficulties in recognizing the emotional tone from vocal expressions. In addition, we
sought to determine possible correlations between the performance of CD patients in
the affective prosody recognition task with their psychological status and personality
profile. Analysis of behavioral data disclosed a significantly poorer performance of
emotional prosody recognition in CD and particularly in rating angrily intonated words.
Moreover, the judgments of angry emotional tone in the CD group were accompanied
by significantly slower reaction times. Hence, these findings point to a deficient
perception of angry intonation in patients with primary cervical dystonia. In addition,
event-related brain potentials were recorded under active target detection instructions.

The elicited ERPs have further corroborated the deficient emotional prosody

processing in CD. Moreover, the generated in CD P3b component showed

significantly reduced amplitudes across all investigated emotions suggesting that the

impaired emotional prosody recognition is not constrained to a specific emotional

category but is rather more generally affected. Interestingly, the deficient emotional
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prosody processing was observed only when judging the valence but not the arousal

emotional dimension. It is noteworthy that this dissociation was demonstrated by both
the behavioral and the neurophysiological findings. Taking into account the
aforementioned results, there are several questions that need to be addressed. First,
how changes of emotional prosody processing can be explained in a disorder which is
considered predominantly motor; second, is emotional processing in CD more
generally affected or the observed deficit is rather constrained to specific emotional
categories; and third, why patients with primary cervical dystonia display deficits in

rating valence but not the arousal features conveying a vocal emotional message.

A large body of evidence indicates that the basal ganglia play a crucial role in
emotional prosody processing. This notion has gained support from number of studies
with Parkinson’s disease patients (Ariatti et al., 2008; Dara et al., 2008; Schroder et
al., 2006; Yip et al., 2003; Breitenstein et al., 2001, 1998; Pell, 1996, 2002, 2003;
Lloyd, 1999; Blonder et al., 1989), Huntington’s disease (Sprengelmeyer et al., 1996;
Speedie et al., 1990) and patients with subcortical brain lesions (Cancelliere and
Kertesz, 1990; Paulmann et al.,, 2008; Calder et al., 2004). Likewise, recent
neuroimaging studies has revealed bilateral involvement of putamen and caudate
nucleus (Kotz et al., 2003) as well as pallidum and anterior insula (Wildgruber et al.,
2002) in the perception of emotional prosody. Moreover, it has been suggested that

different appraisal levels of emotional prosody processing are subserved by

amygdala-prefrontal-cingulate network and that the anterior cingulate cortex (Bach et
al., 2008) and the basal ganglia implement a specific role in the explicit emotional
prosody identification (Bach et al., 2008; Paulmann et al., 2008). Further support for
the concept that fronto-striatal circuits are particularly involved in emotional

processing (Alexander et al., 1990; Lalande et al. , 1992; Weddell, 1994) have been
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provided by Breitenstein et al. (1998) in a study with PD patients and patients with

subcortical brain damage. The authors concluded that contributions of the prefrontal
and limbic cortico-striatal-thalamo-cortical connections and particularly the lateral
orbitofronal loop implicated in cognitive and emotional processes (Crosson, 1992)
might be responsible for the deficient emotional processing in patients with PD. Given
the putative involvement of the striatopallidal structures in processing of emotional
prosodic information and the pathophysiologic correlates of primary focal dystonia
associated mainly with basal ganglia dysfunction it is not surprising that patients with
primary cervical dystonia display deficit in the emotional prosody comprehension.
Therefore, our results are consistent with the hypothesis that CD patients would
encounter difficulties in decoding the emotional intonation, hence, providing further

evidence for basal ganglia involvement in emotional prosody processing.

Given the findings of the present study, another question to be addressed is why
the displayed deficit was associated with the valence but not the arousal affective
dimension. Indeed, as it was hypothesized, our results revealed rather specific
impairment of emotional processing that appeared to be constrained only to the
valence dimension. Moreover, this phenomenon was observed in both behavioral and
neurophysiologic experiments. Interestingly, in a behavioral study on emotional
prosody perception with PD patients, Dara et al. (2008) have reported a similar
dissociation of these two affective dimensions. The authors have demonstrated a
poorer performance of PD patients in the recognition of anger, disgust and fear when
judging the valence but not the arousal features of these emotions, suggesting a

preferential involvement of the basal ganglia in processing certain negative emotions,

irrespective of their intensity. However, in contrast to the latter findings the present

results demonstrated a deficit across all emotional categories including those with
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positive valence (happy and relaxed). One possible explanation for an impairment in

judging only the valence acoustic features might be given by the concept of Posner et
al. (2005) suggesting two fundamental neurophysiological systems serving as a
neuroanatomical correlates of the ‘circumplex model of affect: the mesolimbic
dopaminergic system underlying the processing of emotional valence and the reticular
formation (through its connections with the limbic system and thalamus) to be
associated with emotional arousal. The mesolimbic system originates from the ventral
tegmantal area and spreads its dopaminergic projections to nucleus accumbens,
considered a main constitute of the ventral striatum (also referred to as extended
limbic system). The ventral striatum itself is integrated into the cortico-striatal-
thalamo-cortical limbic loop considered to play a role in emotional processing
(Alexander et al., 1990). Taking into account that the pathophysiology of primary
dystonia is ascribed mainly to basal ganglia dysfunction (Berardelli et al., 1998;
Defazio et al., 2007), it seems reasonable to assume that a possible involvement of
the mesolimbic projections in that process may at least to some extent account for the
specific deficit in CD associated with the recognition of the valence affective

dimension.

Another question that arises when taking into consideration the results of the
present study is weather the dystonic patients’ impairment to appropriately interpret
prosodic aspects of speech is rather selective or somehow more general in nature.
Considering the behavioural data, the results disclosed deficient recognition of vocal
expressions in CD which appeared to be constrained to angry prosody therefore
supporting somewhat the concept of separable emotion specific neuronal networks
subserving the processing of distinct basic emotions (Sprengelmeyer et al., 1998;Blair

etal., 1999). On the other hand the neurophysiological findings indicated more
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general impairment in affective functioning and the processing of various types of

emotional categories. According to Scherer et al., (1991) ratings of vocal emotional
expressions obtained from actor portrayals by naive listeners demonstrate that a
reliable acoustic differentiation of the major basic emotions is possible. It has been
further suggested that the most salient attribute to allow for prosody classification is
the arousal factor, realized by a higher mean fundamental frequency (Fo), Fo range
and high-frequency spectral energy of the speech signal. In line with Scherer's
disclosures, the behavioral data in the present study revealed that both groups’ ratings
of low arousal prosodic stimuli (sad, relaxed) were less accurate than those of high
arousal (angry, happy). However, since relaxed and sadly intonated words were often
misjudged even from the HC subjects a potential difference in processing of sad and
relaxed prosody in primary dystonia could have been missed. Indeed, the
neurophysiologic data disclosed somehow broad-based deficit in the ability of dystonic
patients to process emotions from vocal cues. It is possible that the ERPs detect more
subtle and concealed changes in emotional processing related to higher cognitive

demands of subjective rating tasks than the behavioural responses could display.

Finally, another aspect of the present research was to consider the psychological
status and personality profile of CD patients and to determine possible correlations
with the performance of emotional prosody recognition. A number of complementary
studies suggest that primary dystonia is associated with a higher prevalence of
psychiatric disorders, particularly anxiety and depression (Miller et al.,, 2007;
Lauterbach et al., 2004; Gundel et al., 2003; Jabusch et al., 2004; Moraru et al.,
2002). However, so far no conclusive data exist to answer the question if depression,
anxiety or specific personality traits correlate with deficits in emotional processing. We

tried to unravel this matter by employing neurophysiological testing of CD patients and
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than correlating the scores with the behavioural responses. Interestingly, our results

did not demonstrate a significant correlation between the performance on emotional
prosody recognition task and neither the BDI, SCL-90-R general distress index,
depression and anxiety scores nor CD severity, duration and age of onset, indicating
that the emotional processing deficit is rather primary in nature and not a
consequence of the chronic disease. Moreover, the performance of CD patients did
not differ significantly from the healthy control group on the arousal recognition task.
Likewise, other authors have also noted that neither depression nor anxiety had
correlated with the accuracy of emotional faces recognition (Pedrosa Gil et al., 2009).
Furthermore, our results revealed higher level of psychological distress in CD patients
with especially pronounced symptoms of anxiety and depression. Discussing the
relationship between the none motor disturbances and dystonia, the question arises
whether these conditions develop independently in the clinical course or represent
psychoreactive phenomena to this chronic and debilitating disease. It is being
suggested that reduced cortical inhibition may play a role in primary dystonia (Ridding
et al., 1995, Hummel et al., 2002) as well as in trait anxiety and depression
(Wassermann et al., 2001) implying a possible common pathological background of
these conditions. Jabusch et al. (2004) have also tried to disentangle this question
with regard to anxiety in musicians with focal hand dystonia concluding that anxiety
seem to precede the onset of the playing-related disorder. Similarly, other authors
suggest that anxiety (Lauterbach et al., 2004; Jabusch et al., 2004) and depression
(Heiman et al., 2004) may precede or develop independently of the clinical
manifestations of dystonia and thus may not be considered as psychoreactive
phenomena to a chronic and debilitating disease (Gundel et al., 2003; Heiman et

al., 2004; Moraru et al., 2002).
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Moreover, a number of studies of depression havefound reduced metabolism in the

basal ganglia (Baxter et al. , 1985; Buchsbaum, 1986 ; Mayberg et al. , 1994)..
Additionally, in a study of depression resulting from stroke-related lesions (Morris et al.
, 1996), 75% of patients with lesions to the left basal ganglia or left PFC were
depressed, in contrast to only 21% of patients with lesions anywhere else in the brain.
Furthermore, consistent with the hypothesis that the basal ganglia play an important
role in positive emotional appraisal and experience (Canli et al., 1998; Lane et al. ,
1997; Phillips et al., 1997) and that nonreactive forms of depression in most
neuropsychological conditions arise from basal ganglia dysfunction it has been
suggested that a basal ganglia damage might contribute to depression by impairing

the ability to identify and appraise positive stimuli (Lieberman, 2000).

Concerning the personality profile of CD patients our findings designated specific
personality features that appear to predominate in these patients. Evaluation of the
individuality traits disclosed prominent psychosomatic complaints, accentuated strain
and emotionality features in the patient group as well as less pronounced extroversion
characteristics. This profile appears to be somehow characteristic to the patients
suffering from cervical dystonia but it seems unrelated to the emotional processing
deficit since the personality traits in CD did not correlate with the performance on
emotional prosody recognition task. Moreover, there was no correlation with the
severity, duration and age of dystonia onset suggesting that individuals with certain
personality structure might be rather prone to develop dystonia instead of prominent

personality features to evolve as a reaction to a chronic debilitating disease.
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In conclusion, consistent with previous research findings on emotional prosody in
other basal ganglia disorders, the present study disclosed a deficient emotional
prosody perception in patients with primary cervical dystonia. Moreover, the
discrimination of acoustic cues contributing to the classification of the emotional
valence of affective prosody seems to be explicitly impaired. The displayed deficit
involved all investigated emotional categories suggesting that the disturbed emotional
prosody comprehension in CD is rather general in nature than restricted to certain
discrete emotions. Furthermore, again in line with the literature, dystonia patients
displayed more often anxiety, depression and some specific personality traits. Taken
together these findings provide further evidence for the essential role of the basal
ganglia in emotional prosody processing and also emphasize the importance to
recognize the non-motor symptoms in patients with primary focal dystonia as

complementary to the motor deficit.
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