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Neurophysiologic studies of functional neurologic disorders
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Abstract
Functional neurologic disorders are largely genuine and represent conversion disorders, where the dysfunction is unconscious, but there are some that are factitious, where the abnormality is feigned and conscious. Malingering, which can have the same manifestations, is similarly feigned, but not considered a
genuine disease. There are no good methods for differentiating these three entities at the present time. Physiologic studies of functional weakness and sensory loss reveal normal functioning of primary motor and
sensory cortex, but abnormalities of premotor cortex and association cortices. This suggests a top-down
influence creating the dysfunction. Studies of functional tremor and myoclonus show that these disorders
utilize normal voluntary motor structures to produce the involuntary movements, again suggesting a
higher-level abnormality. Agency is abnormal and studies shows that dysfunction of the temporoparietal
junction may be a correlate. The limbic system is overactive and might initiate involuntary movements, but
the mechanism for this is not known. The limbic system would then be the source of top-down dysfunction.
It can be speculated that the involuntary movements are involuntary due to lack of proper feedforward
signaling.

INTRODUCTION
Almost by definition, functional neurologic disorders
(FNDs) have no identifiable, responsible pathology.
Yet, something is wrong. As we often say to patients
(and which may be at least partly true), “the hardware
is all right, it’s the software that is the problem.” The prevailing etiologic theories are psychosocial and still
strongly dominated by the Freudian concept of conversion. A psychologic symptom is converted into a somatic
symptom as a way of dealing with the distress of the
symptom. With the conversion, the distress is ameliorated, and in fact by this logic, if the conversion is successful, the psychologic symptom is gone. Even if this
is in some sense what happens, there still needs to be a
physiologic mechanism responsible. The software is
the way the brain functions, and this is amenable to study.
Physiologic studies are necessary to understand what is
happening, and they are beginning to illuminate the pathophysiology. These studies also define methods to help

with diagnosis of FNDs, and “laboratory-supported” criteria can make a diagnosis more secure (Lang and Voon,
2011; Schwingenschuh et al., 2011b). Functional neuroimaging is a method of neurophysiology, but since this
topic will be the focus of the next chapter, this chapter
will only touch on functional neuroimaging results
briefly.
This chapter will focus on conversion, a type of
somatic symptom disorder, which has a fundamental feature of being the product of an unconscious process. Two
other entities may have a similar clinical presentation:
factitious disorder and malingering. The critical feature
of these two entities separating them from conversion
is that the symptoms are feigned; they are voluntarily
produced. Factitious disorder arises to satisfy a psychologic need for medical care and is a psychiatric disorder
also categorized under somatic symptom disorder.
Malingering is the feigning of symptoms for nonhealthcare reasons and without any psychiatric disorder. In both
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factitious and malingering disorders, although the symptoms may look the same as with conversion disorders, the
patients are lying. Unfortunately, doctors (and everyone
else) are not good at determining whether someone is
lying (Levine and Bond, 2014).
Secret surveillance has been used to document these
disorders, but generally physicians do not hire detectives.
The lie detector test depends on autonomic responses,
but has many false-positive and negative results
(Grubin, 2010). Eye blink frequency declines with
deception, but it also has false positives and negatives
(Perelman, 2014). Electroencephalogram (EEG)
methods, such as event-related potentials (Proverbio
et al., 2013; Rosenfeld et al., 2013; Pfister et al.,
2014), and functional magnetic resonance imaging
(fMRI) methods (Rusconi and Mitchener-Nissen,
2013; Farah et al., 2014) have also been proposed to evaluate truth or lying, but these too are not definitive. As to
the physiology, presumably in factitious and malingering
disorders the findings would be the same as in normal
persons, although there may be excessive autonomic
activity. In conversion disorders, the abnormality is
unconscious and the physiology should differ in some
ways from normal processing. In conversion blindness,
the patient does not see; in conversion movement disorders, the movement is involuntary. In this chapter, there
are some reports of physiologic changes in conversion.
In order to understand FNDs completely, it is really necessary to understand the physiology of consciousness. If
it would be possible to read the content of consciousness,
we could more easily differentiate conversion from factitious disorder and malingering.
We certainly do not understand consciousness at this
time, but some generalities can be stated. The brain is
likely doing many things at all times. Information of
many types is being passed around brain networks. At
any one moment, only one (or very few) of these processes is manifest in consciousness. It is possible that
conscious awareness is associated with a greater prominence of activity within the specific network for that
process (Baars et al., 2013; Barttfeld et al., 2015).
Increased activity and higher probability of getting into
consciousness may result from bottom-up or top-down
mechanisms (Corradi-Dell’Acqua et al., 2015). Consider
why a sensory stimulus might get into consciousness.
Bottom-up would be a strong sensory stimulus, such
as an acute pain. That will come into consciousness
almost no matter what else is happening. Top-down
likely implies a cortical process which can regulate
which networks have prominence. It is as if there is a conscious decision to pay attention to sensory stimuli of a
certain type, and then even a weak stimulus would be
appreciated. In relation to the issues discussed here,
top-down mechanisms could also prevent a process from

coming into consciousness. It is likely, for example, that
this is the reason that soldiers in the heat of battle often do
not feel their injuries.

FUNCTIONAL WEAKNESS
AND PARALYSIS
In the face of functional weakness, routine nerve conduction studies are normal. In the electromyogram (EMG)
examination, there is no spontaneous activity and motor
units are normal. The interference pattern, however, is
reduced. There is no clear difference of a reduced interference pattern from decreased effort and from a central
nervous system lesion. In both circumstances there is
reduced central nervous system drive.
A method that can separate a central nervous system
lesion and reduced effort is transcranial magnetic stimulation (TMS) of the motor cortex. TMS will produce a
normal motor evoked potential (MEP) with normal
latency in the setting of functional weakness, and routine
studies of motor cortex excitability are normal (Liepert
et al., 2008). Such studies are abnormal with lesions anywhere along the corticospinal tract from motor cortex to
spinal cord (Hallett, 2007). With severe lesions, the MEP
will be absent. With compressive lesions, such as cervical spondylosis, or demyelinating disorders, such as multiple sclerosis, the central motor conduction time may be
prolonged. Not only can a normal MEP be diagnostic, it
can also be therapeutic. Patients have been described
who improve after normal motor responses are produced
by stimulation (Chastan and Parain, 2010; Pollak
et al., 2014).
From the early days of TMS studies, it has been appreciated that motor imagery of moving a body part will
increase the MEP amplitude of muscles acting on that
part. In patients with functional paresis, opposite to normal, motor imagery suppresses the MEP amplitude
(Fig. 6.1) (Liepert et al., 2009, 2011). Normal subjects
feigning weakness also show reduced MEP amplitude
(Liepert et al., 2014). On the other hand, movement
observation, which also increases MEP amplitude in normal subjects, similarly increases the MEP in functional
patients (Liepert et al., 2011). Motor imagery of simple
movements in normal subjects in fMRI produces activations in most of the same parts of the motor system as
does actual movement, except for the motor cortex
(Hanakawa et al., 2008). There have not been similar
studies with fMRI in patients. However, there have been
functional studies in patients attempting to make movements, which have not occurred. In these few studies,
dysfunctional activation is seen in the frontal lobes
(Nowak and Fink, 2009), and the frontal areas are particularly strongly connected to the “paretic” motor cortex
(Cojan et al., 2009).
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Fig. 6.1. Examples of motor evoked potentials during the resting condition and while performing motor imagery (MI). Electromyogram recording is from the right first dorsal
interosseous muscle, and the subjects are asked to imagine a
tonic adduction of the right index finger. (Reproduced from
Liepert et al., 2009, with permission.)

The physiology of motor preparation in patients with
conversion paresis has been studied with the contingent
negative variation (CNV), a widespread cortical negativity measured with EEG in between a warning stimulus
(S1) and the go stimulus (S2). Patients with unilateral
conversion weakness were compared to normal subjects
performing normally and normal subjects feigning weakness (Blakemore et al., 2015). A low-amplitude CNV
was found only for the symptomatic hand of the conversion patients. In this study only partial information for the
required movement was given with S1. In an earlier study
by the same group (Blakemore et al., 2013), S1 conveyed
full information about the upcoming movement and the
emphasis of the study was on the response to S1 and less
on the movement preparation. The authors interpreted
this study as showing a larger than normal P3 (or
P300), and that this positivity drove the EEG down so
that the subsequent CNV was low for that reason, but
the CNV could be interpreted similarly to their later
experiment. In regard to the large P3, one possible interpretation offered by the authors was that it might have
been due to increased emotional response to an instructed
movement of the affected limb. It is certainly of interest
that the findings in these two studies were restricted to the
affected limb of conversion patients and were not seen in
feigned weakness. The low-amplitude CNV could well
be indicative of suppressed motor preparation.

Interpretation
The motor system from motor cortex to muscle is fully
normal. With motor imagery of movement, the motor
cortex is depressed rather than facilitated. There also
appears to be reduced motor preparation. With
“voluntary attempts” to move, there is activation of
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frontal areas that have been associated with “voluntary
inhibition” of movement. Voluntary inhibition can be
studied in a number of different tasks. One such task is
the “stop signal task,” where subjects get a second stimulus to inhibit a movement shortly after a first stimulus to
make the movement. In one study, the right inferior frontal gyrus was particularly activated in stop trials
(Sebastian et al., 2016). In another study, the inferior
frontal cortex bilaterally was a critical node for other cortical areas and the subthalamic nucleus (Rae et al., 2015).
These results would seem consistent with a top-down
inhibition of the motor system causing the weakness or
paralysis. As noted by Cojan and colleagues (2009),
the areas of frontal cortex activated are related to emotional regulation. An additional conclusion appears to
be that abnormalities are brought out with attention to
the weak body part.

FUNCTIONAL SENSORY LOSS
Somatic sensation
Somatosensory evoked potentials (SEPs) are good
probes for the large-fiber, dorsal-column, primary sensory cortex pathway. The presence of good potentials
documents that this pathway is intact and is not compatible with total anesthesia. Such studies with normal
potentials have been reported in the literature
(Halliday, 1968; Kaplan et al., 1985), and although there
are not many contemporary studies, this is the expected
result. However, there was a case report of a patient with
a functional sensory loss whose SEP was abnormally low
in the anesthetic limb, but then became normal when the
patient was put under light general anesthesia
(Hernandez Peon et al., 1963). The authors postulated
that a top-down control of sensory input might be responsible for the findings. In another case report of functional
sensory loss, the SEP was absent with weak stimuli but
normal with stronger stimuli, and again the authors postulated a top-down explanation (Levy and Behrman,
1970). It is important to be aware that there might well
be false positives and false negatives (Howard and
Dorfman, 1986). Using magnetoencephalography, it is
possible to pick up a signal from the secondary somatosensory cortex, and, in a small case series of 3 patients,
they all showed normal responses in both primary and
secondary cortices (Hoechstetter et al., 2002).
Later SEP components are not often studied, but
indicate further processing of the sensory stimuli.
A P300 potential is seen in response to a rare stimulus
in a series of stimuli with both common and rare stimuli.
In 1 patient, the P300 component produced by stimulating the anesthetic limb was absent, whereas it was
present on the normal limb and also present in a normal
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subject feigning sensory loss to mimic malingering
(Lorenz et al., 1998).
If the symptom is restricted to loss of pain or smallfiber sensation, the ordinary SEP would not be a good
test. To evaluate the spinothalamic tract, there are now
methods coming into more routine use to look at sensory
evoked potentials from heat stimuli. One method for
doing this is laser stimulation, and at least in 1 patient
with a functional sensory loss, the potential was normal
(Lorenz et al., 1998). Another method is the “contact
heat-evoked potentials.” Test–retest reliability for this
technique has been demonstrated (Kramer et al.,
2012), but this has not been applied to the study of functional patients as yet.
Neuroimaging of sensory responses in functional sensory loss has only limited results. In one study of 4
patients (who had normal SEPs), there was actually a
deactivation of primary and secondary somatosensory
cortices, decreased activation of more upstream areas,
but increased activation of the anterior cingulate cortex
(Mailis-Gagnon et al., 2003). An older study using
single-photon emission computed tomography in a single patient with functional sensory loss had similar findings of normal SEP, and decreased parietal perfusion and
increased frontal perfusion with median nerve stimulation (Tiihonen et al., 1995). In 7 patients with functional
sensorimotor symptoms, bilateral vibration led to asymmetric depressed response only in contralateral thalamus
and basal ganglia (Vuilleumier et al., 2001). Three
patients with unilateral sensory loss were studied with
fMRI and vibrotactile stimulation (Ghaffar et al.,
2006). With stimulation of the anesthetic limb, there
was no activation of the primary sensory cortex. With
bilateral stimulation, however, there was activation of
the primary sensory cortex opposite the anesthetic limb,
as well as the “normal” activation of the cortex opposite
the normal limb. Hence, it appears that the primary sensory cortex can be activated, even if not by stimulation of
the anesthetic limb by itself.

Vision
Visual evoked potentials (VEPs) can be done with fullfield or hemifield stimulation of each eye and explored
objectively for uniocular or hemifield abnormality. The
stimulus is typically patterned, such as a checkerboard.
The prominent potentials come from the primary visual
cortex. If a subject does not look at the stimulus, then
there might be a false-positive abnormality. It is also possible to do just a flash evoked response, which does not
require attention. Retinal function can be examined with
electroretinograms.
In nonorganic visual loss, VEPs can be normal
(Kramer et al., 1979; Yoneda et al., 2013). When normal,

that almost always indicates functioning of the early parts
of the visual pathway, although there are some patients
who do have abnormalities but still test normal.
Decreased amplitude of the VEP is also reported
(Schoenfeld et al., 2011). When abnormal, it is more difficult to interpret due to the possibility of false positives,
as noted already. When abnormal in a patient with conversion, it might be possible to change the result to normal using distraction. This was noted in a case report
(Manresa et al., 1996).
An interesting case report of a patient with multiple
personalities was published in German (Waldvogel
et al., 2007) and subsequently in English also
(Strasburger and Waldvogel, 2015). In some personalities, the patient could see and VEPs were present, and
in other personalities, the patient could not see and VEPs
were absent. Whether this was a conversion patient or a
factitious patient with “defocusing” is not clear.
Using pattern VEPs with different check size, it is possible to get an objective measure of acuity. Using this
method in malingering patients, it was possible to show
better acuity than claimed (Gundogan et al., 2007).
The P300 was evaluated in 2 patients with malingering and 1 patient with conversion, and it was present in all
3 (Towle et al., 1985). All 3 patients did have VEPs at
least some of the time. While statistics were not possible
in these few cases, the authors did comment that the P300
amplitude seemed small in the conversion patient.

Audition
Auditory evoked potentials, as ordinarily done, explore
the brainstem pathway for auditory information. There
is a potential as well from auditory cortex. Late potentials
have been studied in this situation also, and the P300 was
reduced unilaterally in a patient with functional hearing
loss (Fukuda et al., 1996). Mismatch negativity is an
electrographic component similar to the P300, seen with
target stimuli in the midst of background stimuli. In a
group of 10 patients with somatization disorder, the mismatch negativity was smaller than normal (James
et al., 1989).

Interpretation
In all these sensory functional disorders, it is usually possible to demonstrate normal functioning of the early part
of the afferent pathway, including the primary sensory
cortices. Beyond the primary sensory cortices, the information is less clear since the understanding of later
evoked potential waves is not well known and less studied. Perception certainly involves brain structures
beyond the primary cortices. However, it does seem that
the P300 can be abnormal in conversion and this has
interesting implications. On the other hand, the P300
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might be normal in malingering, and this may well have
diagnostic value for differentiating it from conversion.
Sensory systems have top-down operations as well as
bottom-up. Attention can certainly modulate sensation,
and top-down mechanisms can shut down sensory activity (Nunez and Malmierca, 2007). The notion of
increased inhibition of sensory function in conversion
disorders by corticofugal tracts has been proposed
(Ludwig, 1972).

FUNCTIONAL MOVEMENT DISORDERS
Functional myoclonus
The methods for analysis of myoclonus (Hallett and
Shibasaki, 2008) and for functional myoclonus
(Hallett, 2010) in particular have been described in detail,
and will only be summarized here. There are three steps
in the evaluation of myoclonus: (1) the analysis of the
EMG underlying the movement, generally with at least
the simultaneous recording of both muscles of an antagonist pair; (2) to record the EEG simultaneously with the
EMG to look at their correlation; and (3) to analyze reflex
myoclonus, if present, for EMG latencies and EEG
evoked responses.
In myoclonus that is a fragment of epilepsy, the EMG
burst length is generally 30–50 ms and antagonist muscles are always synchronous. In other forms of myoclonus, the EMG burst length is longer and antagonist
muscle relationships are variable. Functional myoclonus
falls into this latter category. Hence, epileptic myoclonus
can be ruled out with this method, but nonepileptic
myoclonus cannot be. Additionally, some forms of nonepileptic myoclonus have characteristic EMG patterns,
and this would help identify them as such. For example,
in startle, orbicularis oculi is the first and most consistent
muscle, sometimes with apparent double burst. This is
followed by activity in lower cranial nerve muscles
and subsequently by upper cranial nerve muscles and
limb muscles (Matsumoto and Hallett, 1994). Functional
myoclonus may well show highly variable patterns.
The EEG correlate is obtained by backaveraging the
EEG using the onset of EMG (or movement) as the
fiducial point. Each type of epileptic myoclonus has a
characteristic EEG correlate. The best known is the
potential associated with cortical myoclonus, a brief
negative–positive potential about 20 ms prior to the
EMG. In nonepileptic myoclonus, generally a potential
is not identified. In functional myoclonus, very frequently a normal-looking Bereitschaftspotential can be
identified (Fig. 6.2) (Terada et al., 1995). This indicates
activity in the premotor cortex (Shibasaki and Hallett,
2006). In a study of 29 patients with functional
myoclonus, 25 had a Bereitschaftspotential (van der
Salm et al., 2012). As an unexpected finding in the latter

Fig. 6.2. Electroencephalogram (EEG) backaverage from
functional myoclonus showing a normal-looking Bereitschaftspotential. L SCM, left sternocleidomastoid; EOG, electrooculogram; EMG, electromyogram. (Reproduced from
Terada et al., 1995, with permission.)

study, there was often an absent Bereitschaftspotential
prior to a voluntary wrist flexion movement. The explanation for this is unclear, and the authors raised issues of
attention and motivation.
The physiologic correlate of reflex myoclonus is
called the C-reflex. In organic myoclonus syndromes
the C-reflex comes from hyperexcitability of one of several long-latency reflex pathways. All of these pathways
produce shorter latencies than the fastest voluntary reaction times, about 40–50 ms. In functional reflex myoclonus, the latencies are variable and similar to, and never
faster than, the fastest voluntary reaction time, 100 ms
or longer depending on the type of sensory stimulus
(Thompson et al., 1992).

INTERPRETATION
Functional myoclonus has the EMG signature of voluntary movement and even the expected EEG correlate of a
Bereitschaftspotential. Since functional myoclonus is
involuntary, the presence of a Bereitschaftspotential in
this situation is evidence that the Bereitschaftspotential
is not indicative of voluntariness. What it does appear
to indicate is movement preparation in the premotor cortex. Another feature of functional myoclonus similar to
normal voluntary movement is reaction time latencies.
Hence it appears that normal voluntary mechanisms
are utilized to produce functional myoclonus and that
these mechanisms are operating normally. It must be that
some top-down process co-opts this mechanism to produce movement, but not the sense of willing the
movement.
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Functional tremor
As with functional myoclonus, the testing for functional
tremor is very good, and should be able to support the
diagnosis. Tremor can be measured with EMG and/or
with accelerometry, or both. Functional tremor may
show marked variation in frequency and amplitude
(O’Suilleabhain and Matsumoto, 1998). Additionally,
functional tremor is typically exactly the same frequency
and in phase in different limbs; this virtually never happens in organic tremors. This can be formally assessed
with coherence analysis (McAuley and Rothwell, 2004).
The most useful physiologic method is the entrainment test (Hallett, 2010). In this test, the patient is asked
to tap voluntarily at various frequencies with a body part
unaffected by the tremor. If all body parts show tremor,
this still can be done, with voluntary tapping of one body
part while monitoring the response of the “involuntary”
tremor in another body part. The tremor is entrained if the
tremor takes up the frequency of the voluntary tapping.
Another clue of psychogenicity is that the patient might
have considerable difficulty in doing the voluntary tapping at the requested rate (Zeuner et al., 2003). Most
commonly the test is done by measuring tremor of one
hand and performing voluntary tapping with the other
hand at a series of different frequencies. The different frequencies can be demonstrated for the subject with a metronome. The tremor might stop completely, change its
frequency, or will take up the frequency of the voluntary
tapping. Coherence analysis can quantify this. While this
is a very good test, there are some functional tremors that
do not entrain (Raethjen et al., 2004). The ballistic movement test is a variation on entrainment (Kumru et al.,
2004). Here, patients are asked to make a quick movement with one limb. In functional tremor, there might
be a pause in the tremor during the movement.
In a small group of patients, their functional tremor
has been compared to voluntarily mimicked tremor using
fMRI (Voon et al., 2010b). The most prominent difference was in the activation of the temporoparietal junction
(TPJ) region, including connectivity of this area to parts
of the motor system. As the TPJ appears relevant to the
sense of self-agency for movement (Nahab et al., 2011),
the lack of activation was speculated to be a correlate for
the tremor being involuntary. Abnormal activation of the
TPJ was also seen in conversion disorder patients when
recalling past stressful life events (Aybek et al., 2014).

INTERPRETATION
Similar to functional myoclonus, functional tremor
appears to use a normally functioning motor system
for the manifestation of the movement disorder. A higherlevel brain network controls the motor network to

produce tremor without producing the sense of voluntariness or agency. The lack of TPJ activation could be due
to a failure of feedforward signaling at the time of movement generation.
Further evidence for a failure of feedforward signaling comes from studies of sensory gating. Sensory gating
is the reduction of sensation and SEPs from a limb at the
onset of, and during, self-generated movement. Studied
in a mix of functional movement disorder patients, sensory gating was decreased in the patients (Parees et al.,
2014; Macerollo et al., 2015b). In one study of force
matching, patients did not overestimate the force
required as the normal controls did, indicating that they
did not have normal gating (Parees et al., 2014). In an
SEP study, the N20 and N30 potentials were not suppressed at all (Macerollo et al., 2015b). Gating must be
due to feedforward signaling from the motor command
to the sensory system, thus dampening the sensory feedback from the movement. This avoids the brain being
“bothered” by expected sensory events. There are two
important implications. First, this is evidence for abnormal top-down control of sensation in these patients. Second, a loss of the gating function would mean that the
movement related to the sensation would be more likely
to be interpreted as externally generated rather than internally generated; this would then lead to a loss of the sense
of agency.
However, the ultimate source of the motor command
remains unknown. Imaging studies do suggest that the
limbic system is overactive in functional movement disorders in general (Voon et al., 2011). As the limbic system provides important drive to movement, this could be
the primary source, but this remains speculative.

Functional dystonia
Functional dystonia is often difficult to diagnose even
with physiologic testing. For some reason, not yet fully
understood, functional dystonia and organic dystonia
often show the same findings.
Dystonic movement is usually characterized by
co-contraction of antagonist muscles, but this is not
always the case (Malfait and Sanger, 2007). In a study
of patients with fixed dystonia and acquired (secondary)
dystonia, those with fixed dystonia had less
co-contraction as a group, but there was significant overlap between the findings in the two groups (Macerollo
et al., 2015a). Hence, while lack of (or less)
co-contraction might suggest that the disorder is functional, this is not a definitive observation. A pathologic
drive at 4–7 Hz to muscles in patients with cervical dystonia and DYT1 dystonia was not seen in normal subjects
and patients with fixed dystonia (assumed to be mostly
functional) (Grosse et al., 2004). However, such drive
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was not seen in patients with writer’s cramp (Cordivari
et al., 2002). Hence, this observation cannot be used as
a definitive test either.
There are a large number of physiologic abnormalities
in organic dystonia, most relating to loss of inhibition.
These abnormalities can be seen at spinal level, such
as reciprocal inhibition, and cortical level, such as short
intracortical inhibition assessed with TMS. Most of these
abnormalities are shared with functional dystonia (Espay
et al., 2006; Avanzino et al., 2008). Temporal discrimination is also similarly abnormal in organic and functional
dystonia (Morgante et al., 2011). One inhibitory mechanism not shared is the blink reflex recovery curve
(Schwingenschuh et al., 2011a). In organic dystonia
affecting cranial muscles, there is a loss of normal inhibition in blink reflex recovery. There is no such loss in
functional blepharospasm. Eye blink conditioning is
similarly normal in unmedicated patients with fixed dystonia (Janssen et al., 2014).
One important physiologic difference might be a measure of central nervous system plasticity called pairedassociative stimulation. This method repetitively pairs
a shock to the median nerve with a TMS to the motor cortex. Similar to long-term potentiation, this repetitive pairing leads to an increase in excitability of the motor cortex
as assessed by the amplitude of the MEPs in muscles
innervated by the median nerve and adjacent muscles.
While organic dystonia shows an increased plasticity
with this method, functional dystonia does not show this
abnormality (Quartarone et al., 2009).

INTERPRETATION
The physiologic overlap of organic and functional dystonia is not understood. One possibility is that the physiologic abnormalities indicate a propensity to dystonia that
can be either organic or functional in the correct setting.
Another possibility is that they are the result of dystonia
rather than the cause. There are some tests that are different, including the blink reflex recovery curve and the
paired-associative stimulation. However, how they illuminate the nature of functional dystonia is not clear.

OTHER FUNCTIONAL MOVEMENT
DISORDERS
Functional gait disorders are common, but there are no
physiologic studies. Most patients complain of poor balance, but it is clear from observing the gait that balance is
very good. Quantitative balance testing has been undertaken. In one study, balance was assessed in conversion
disorder patients and controls standing quietly, standing
with eyes closed, and standing with an attentiondemanding cognitive task (Stins et al., 2015). Sway
increased more in patients in the eyes-closed condition,
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but it normalized in the attention task. Presumably, when
the patients focused attention away from balance, it
became normal. In another study, conversion disorder
patients were compared with controls and patients with
multiple sclerosis, in eight conditions, standing on solid
floor or foam, eyes open or closed, and with and without
distraction (Wolfsegger et al., 2013). Distraction here
was recognizing numbers drawn on the back. Again, balance improved with distraction only in the conversion
disorder patients.
Functional parkinsonism is not common, and again
there have not been any physiologic investigations other
than examination of tremor, as described above.

Functional seizures (psychogenic
nonepileptic seizures: PNES)
Video-EEG is the standard technique for evaluating
patients with suspected PNES (Gedzelman and
LaRoche, 2014). A normal EEG in the face of an episode
is strong evidence for its functional nature. There are
some examples of false negatives, particularly frontallobe sources, which are sometimes missed with scalp
recordings. Nocturnal dystonia was a subclass of paroxysmal dystonia until it was recognized that this was a
form of epilepsy. It is also fair to say that an EEG is full
of movement and muscle artifacts during any seizure,
making the identification of subtle changes difficult to
identify. Curiously, interictal epileptiform abnormalities
are almost twice as common in PNES patients as in normal subjects, but it is not clear what that means (Reuber
et al., 2002).
Resting EEG networks have been investigated in
PNES patients. In general, these studies show a variety
of weakened connections between parts of the brain
(Knyazeva et al., 2011; Barzegaran et al., 2012, 2016).
Perhaps most interesting is the finding of decreased prefrontal and parietal synchronization. Speculatively, that
could underlie a weakness of possible feedforward connections in the brain.

INTERPRETATION
While useful for diagnosis, a normal EEG does not
inform us much about the pathophysiology of nonepileptic attacks. More work might be undertaken to study
brain networks in these patients, including during the seizures themselves.

Synthesis
The physiology of conversion is not well understood, and
motor and sensory disorders should be particularly helpful in studying this phenomenon since they can be objectively measured. The evidence seems clear that the

68

M. HALLETT

Fig. 6.3. Model of how involuntary movements might be generated and how they might not acquire a sense of agency. The model
speculates that excessive limbic activity leads to movement generation, but does not produce a normal feedforward signal.
Although movement is generated in a normal fashion and feedback occurs, there is a mismatch between feedforward and feedback
and agency is not generated.

elementary motor efferent system beginning in motor
cortex and the elementary sensory afferent systems
extending to primary sensory cortices are functioning
normally. The premotor systems and the sensory association areas are where the dysfunction is. fMRI, which is a
major addition to clinical neurophysiology in assessing
brain networks beyond primary cortices, is already shedding some light on these higher-level functions.
There is much evidence supporting an abnormality of
top-down control with derangement of feedforward signaling. Attention to a disorder seems to aggravate or
maintain it, while distraction might improve function.
The failure of feedforward communication in the brain
appears to give rise to sense of loss of control.
The primary site of the functional abnormalities, if
there is one, is not clear. As noted earlier, some studies
give evidence of increased influence of the limbic system
in driving movement. Patients with functional movement
disorders show an increased startle response to positive
affective pictures as well as negative ones, indicating
abnormal regulation of the startle response (Seignourel
et al., 2007). In an fMRI study of faces showing different
affects, patients with functional movement disorders
showed increased activation of the right amygdala
(Voon et al., 2010a). In a choice reaction time task,

patients with functional movement disorders showed
increased limbic activity and increased connectivity of
the limbic system to the motor system (Voon et al.,
2011). The limbic system can drive the motor system.
Indeed, emotions are one of the major factors influencing
movement choice. Limbic structures, such as the amygdala, can be influenced by genetic factors and/or early life
stress. At this time, the idea is rather speculative, but it
could be that abnormal functioning of the limbic system,
both because of intrinsic “vulnerability” as well as traumatic life experiences, upsets brain networks and leads to
functional disorders by deranged top-down control
(Fig. 6.3). Freud might well have liked that idea.
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