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Functional movement disorders (FMDs) are characterized by an impairment in explicit movement 

control[1,2], leading to symptoms such as tremor, myoclonus and dystonia[3]. These symptoms 

are due to a disturbance in brain function rather than brain structure[2,3]. They are part of a larger 

spectrum of functional neurological symptoms, including functional sensory symptoms and 

functional paralysis[4,5]. Together, functional neurological symptoms account for up to 15% of 

new patients attending an outpatient clinic[6]. An accurate estimation of the prevalence of FMDs 

is difficult due to variations in definitions and study populations, but estimates range between 

2 and 20% in movement disorder clinics. The prevalence of FMDs in the general population is 

unknown[7,8]. Patients with an FMD have a similar loss in quality of life as other neurological 

patients such as patients with Parkinson’s disease[9]. Furthermore, as FMDs often affect the 

working-age population, they have a high economic burden[7,10]. 

Research on treatment strategies in FMDs is limited and often only applies to a subset 

of patients[7]. In general, a stepped care model is advised with the first step being a proper 

explanation[11]. Physiotherapy and psychotherapy can be effective, but it’s success also depends 

on the presence or absence of comorbid features as anxiety, depression or pain[7,12,13]. Prognosis 

appears to be unfavourable, especially without proper treatment. In one review, more than one-

third of patients showed the same or worse symptoms at follow-up, and, in cases where symptoms 

improved, symptoms usually did not resolve completely[14]. 

Historical perspective and terminology
FMD symptoms, and functional neurological symptoms in general, have been classified differently 

over time[15] with each term providing information of the presumed pathophysiology of this 

disorder. One of the oldest, hysteria, indicates a causal relationship between the uterus and 

symptoms, a theory already mentioned in one of the oldest known medical text: the Kahun 

Papyrus (1900 BC)[16]. Another term is conversion disorder, originally coined by Sigmund Freud who 

proposed that unresolved psychological distress could be converted to physical symptoms[17], 

a theory still popular today. The term non-organic is used to describe the absence of structural 

damage, but can be troublesome as functional neurological symptoms often co-occur with other 

neurological diseases, like Parkinson’s disease[18]. Furthermore, non-organic would imply a very 

dualistic view of “the mind” and “the brain”, which contradicts substantial evidence of structural 

brain abnormalities in patients with for example, migraine, depression and FMDs[19,20].

Nowadays, it is advocated to use the term functional movement disorders due to several 

reasons. First, it describes the level of the problem, namely in the function of the nervous 

system, rather than in the structure. Second, it does not assume an (unproven) aetiology, which 

may hamper unbiased scientific research[15]. Third, this term is found to be most accepted by 

patients[21]. 

Pathophysiology 
The pathophysiology of FMDs is thought to be multifactorial[5]. Traditionally, psychological factors 

were thought to play a major role. The proportion of psychiatric disorders in FMDs varies between 
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studies and often a proper control group is lacking[17]. In one study, patients with an FMD had 

similar rates of self-reported psychiatric disorders as patients with other movement disorders[22]. 

Current theories of the neurobiology of FMDs use a Bayesian model with an important role 

for attention, symptom expectations, physical and emotional experiences and beliefs about 

illnesses[2]. In short, these theories propose that FMDs arise from a failure of inference that results 

in abnormal symptom perceptions and movements[2]. These theories are based on particular 

findings in patients with an FMD, for example, remission of symptoms during distraction[5] and 

the perception of a leg or arm being straight, even if it’s curled[23]. Recent functional magnetic 

resonance imaging (fMRI) findings support these theories. For example, in a study in which 

participants alternatively did or did not have control over a visual glove, patients with an FMD had 

a lack of change in brain activity patterns compared to healthy volunteers[24]. This lack of change 

in brain activity patterns was particularly present in the dorsolateral prefrontal cortex and pre-

supplementary motor area, areas associated with sense of agency[24]. Furthermore, differences in 

grey matter were observed in patients with an FMD, particularly in limbic and sensorimotor areas, 

which are responsible for emotional and motor control[20]. These neurobiological theories point 

towards a complex pathophysiological model underlying FMDs. Future studies have to determine 

whether these neurobiological changes in FMDs represent a cause or consequence of this disease.  

The extent to which psychological factors play a role in FMDs remains unclear[25]. For 

example, one study reported a higher rate of emotional childhood abuse and a greater number of 

traumatic episodes in patients with an FMD compared to healthy controls and patients with focal 

hand dystonia[26]. However, this study also revealed that differences were usually not very large 

and the list of psychological variables which did not show any differences was impressive[27]. A 

recent study suggested that in-depth psychiatric interviews can reveal a higher rate of possible 

relevant life events[28]. For example, the authors detected severe life events in 56% of patients 

with an FMD, compared to 21% in patients with major depression; however, many patients with 

an FMD had no identifiable severe life events[28]. Also, other studies reported mainly similarities 

between patients with FMD and organic neurological disorders, for example with regard to 

depression, anxiety, dissociation, and personality disorders, especially when compared to patients 

with other movement disorders like Parkinson’s disease[22]. Currently, psychological factors are 

regarded as risk factors, which might lead to patients being susceptible to develop or maintain 

FMD symptoms[29]. 

Diagnosis and explanation
Traditionally, the diagnosis of FMDs was based on the presence of psychological disturbances 

and exclusion of other neurological disorders. Nowadays, the diagnosis requires positive criteria 

such as distraction, entrainment, and incongruency with other neurological disorders[7]. Table 1 

lists the criteria currently required to diagnose a patient with an FMD[30]. It is worth noting that 

the older criterium of a presumed psychological stressor is no longer a diagnostic criterium[28]. 

This emphasis on positive criteria appears to lead to a reduced rate of misdiagnosis, that is, 

patients diagnosed with an FMD who turn out to have a different neurological disease explaining 
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the symptoms. The misdiagnosis rate fell from 29% in the 1950s to 4% since the 1970s, which 

is similar to many other neurological and psychiatric disorders[31]. This decline in misdiagnosis 

rate preceded the widespread introduction of computed tomography, thereby suggesting that 

improved radiological imaging did not account for improved diagnostic accuracy[31].

Explanation is important in any disorder as a first step to treatment. In FMDs, this might be 

even more important, as acceptance of the diagnosis is regarded as one of the most important 

prognostic factors[32]. Explaining the disorder using the aforementioned positive criteria might 

help in the understanding and acceptance of this disorder[33]. For example, distraction can 

be demonstrated to patients with functional tremor (FT), a subtype of FMDs, by showing that 

performing a certain movement with the non-affected side can temporarily decrease tremor 

symptoms on the affected side. This procedure demonstrates that FMDs are a disorder of 

movement control, rather than damage to the nervous system. 

Table 1 Diagnostic classification of functional movement disorders

Diagnostic classification Description

1. Documented Remittance with suggestion, physiotherapy,
psychotherapy, placebos, ‘while unobserved’

2a. Clinically established
Inconsistent over time/incongruent with clinical condition + other 
manifestations: other ‘false’ signs, multiple somatizations, obvious 
psychiatric disturbance

2b. Clinically established minus other 
features

Unequivocal clinical features incompatible with organic
disease with no features suggesting another underlying
neurological or psychiatric problem

3. Laboratory-supported definite
Electrophysiological evidence proving a psychogenic movement 
disorder (primarily in cases of psychogenic tremor and psychogenic 
myoclonus)

1 + 2a + 2b = clinically definite

Long-term assessment of movement disorder symptoms
The diagnosis of FMDs is typically made during a visit to the outpatient clinic, sometimes combined 

with additional neurophysiological testing. However, movement disorder symptoms can 

fluctuate over time[5,7,34] and studies on organic movement disorder symptoms, like Parkinson’s 

disease[34], indicate that patients can have difficulty recalling these fluctuations[35]. Therefore, 

long-term assessments might provide a more realistic picture of movement disorder symptoms. 

Also, long-term assessments are possible in the natural home environment and therefore, findings 

are ecologically valid. Furthermore, long-term assessments enable studies on the individual level 

using time-series analysis to study the influence of contributing factors to movement disorder 

symptoms[36]. 

Although scientific interest has increased in the assessment of movement disorder symptoms in 

general[37–39], there are still some unresolved issues. For example, movement disorder symptoms 

can be studied both objectively (using a transducer) and subjectively (using self-report). Often it 

is unknown which measure is preferable in clinical care or scientific research. Furthermore, studies 

on the combination of subjective and objective measures often show remarkable differences 
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between both measures[40–42]. Another unresolved issue is the unknown minimum assessment 

time to provide reliable symptom estimates. 

Only one study assessed specifically FMD symptoms in the home environment using 

objective and subjective assessment methods simultaneously[43]. In this study, patients with FT 

were monitored for five days objectively (using accelerometry) and subjectively (using self-report). 

Patients with FT showed a dramatic overestimation of their symptom duration: patients reported 

to have tremor 83.5% of the waking day, while accelerometery only recorded tremor for 3.9% of 

the time. Patients with other tremor types overestimated their tremor duration to a much lesser 

extent (58.0% vs 24.8%). 

Problem definition and suggested methodology
The abovementioned study on the dramatic overestimation of tremor duration in patients with 

FT might suggest that patients with FMD do not suffer from the movement disorder symptoms 

themselves, but rather from the perception of movement disorder symptoms[43]. In other words, 

patients suffer mainly from subjective movement symptoms, not objective movement symptoms. 

This suggestion, combined with the extensive literature on a possible psychological origin of 

FMDs symptoms, might result in the conclusion that FMDs are mainly a psychological problem. 

However, the search for a possible psychological explanation of FMDs has often been unsuccessful, 

partly due to the heterogeneity in FMDs[29]. In a heterogeneous disorder like FMDs, classic case-

control designs are not likely to solve this issue[36] and therefore studies on the individual level 

are necessary. The development of techniques for the long-term assessments of symptoms, and 

the analyses of such time series data, allows to perform such analyses.

The current thesis studied the influence of psychological factors on subjective and objective 

symptom levels in individual patients with an FMD. Before this issue was addressed, several studies 

focused on the objective and subjective assessment of movement disorder symptoms. This thesis 

concentrated mainly on patients with FT, as it this symptom can be studied simultaneously both 

subjectively and objectively. 

Aim and outline of the thesis
The goal of this thesis is to study patients with FT on the objective and subjective level to (1) 

improve diagnosis (2) gain insight in pathophysiology (3) provide a first step in patient-specific 

treatment of FMD. In chapter 2, electromyography is used to differentiate between FT and other 

forms of tremor, which are lumped together under the term organic tremor (OrgT), by focusing on 

the stability of tremor generation on very short time intervals. In chapter 3, a review is provided 

that describes the current methods for long-term assessment of movement disorder symptoms 

in the home environment. This study forms a stepping-stone to the next three studies in which 

patients with tremor will be monitored in the home environment. Chapter 4-6 describes the 

findings of the TRIL-study (Tremor Registration and Internet diary in the Living environment): a 

cohort of 17 patients with FT and 27 with OrgT. These participants completed a 30-day study 

period during which they wore an accelerometry-based device, to record tremor objectively, and 
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completed a web-based diary five times a day. Chapter 4 describes the minimal study period to 

objectively quantify tremor characteristics in patients with FT or OrgT. Chapter 5 investigated the 

association between objective and subjective tremor symptoms. Chapter 6 studied the influence 

of daily stress on (objective and subjective) tremor fluctuation in individual patients with FT or 

OrgT. In Chapter 7 a general discussion is provided along with suggestions for future research. 
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