Journal of Psychosomatic Research 70 (2011) 59 – 65

Original articles

Motor excitability during movement imagination and movement
observation in psychogenic lower limb paresis
Joachim Liepert a,b,⁎, Thomas Hassa a , Oliver Tüscher b , Roger Schmidt c,d
a

Department of Neurorehabilitation, Kliniken Schmieder, Allensbach
b
Department of Neurology, University of Freiburg, Germany
c
Department of Psychotherapeutic Neurology, Kliniken Schmieder, Konstanz
d
Department of Psychotherapeutic Neurology, Kliniken Schmieder, Gailingen
Received 8 February 2010; received in revised form 8 June 2010; accepted 9 June 2010

Abstract
Background: Patients with a psychogenic paresis have difficulties performing voluntary movements. Typically, diagnostic
interventions are normal. We tested whether patients with a
psychogenic lower limb paresis exhibit abnormal motor excitability
during motor imagery or movement observation. Methods:
Transcranial magnetic stimulation (TMS) with single and paired
pulses was used to explore motor excitability at rest, during
imagination of ankle dorsiflexions and during watching another
person perform ankle dorsiflexions. Results obtained in ten patients
with a flaccid psychogenic leg paresis were compared with a
healthy age-matched control group. In addition, results of two
patients with a psychogenic fixed dystonia of the leg are presented.
Results: During rest, motor excitability evaluated by motor
thresholds, size of motor-evoked potentials (MEP) by single pulse
TMS, intracortical inhibition and intracortical facilitation tested by

paired-pulse TMS were similar in patients and healthy subjects.
MEPs recorded in five patients during movement observation were
also comparable across the two groups. During motor imagery,
patient MEPs were significantly smaller than in the control group
and smaller than during rest, indicating an inhibition. Conclusion:
In patients with motor conversion disorder, the imagination of own
body movements induces a reduction of corticospinal motor
excitability whereas it induces an excitability increase in healthy
subjects. This discrepancy might be the electrophysiological
substrate of the inability to move voluntarily. Watching another
person perform movements induces a normal excitability increase,
indicating a crucial role of the perspective and suggesting that
focusing the patient's attention on a different person might become
a therapeutic approach.
© 2011 Published by Elsevier Inc.
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Introduction
Patients with a motor conversion disorder may present a
broad variety of motor symptoms, ranging from flaccid
plegia to spasticity, dystonia, tremor, and jerks. The
diagnosis is based on the presence of symptoms affecting
voluntary motor or sensory function that suggest a
neurological or other medical condition and follows the
criteria of the International Classification of Diseases, 10th
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Revision (ICD-10; F 44.4). A retrospective analysis indicated
that a physical injury as a triggering event can be found in
37% of the patients [1]. An underlying psychological reason
is assumed but cannot always be detected [2]. Typically, all
somatic diagnostic investigations exhibit normal results or
do at least not explain the symptoms. In several studies,
transcranial magnetic stimulation (TMS) has been used to
test the integrity of corticospinal tract [3–7]. In these studies,
amplitudes of motor evoked potentials (MEP) and latencies
were normal, indicating that weakness was not due to
impaired transmission. In functional brain imaging studies,
several abnormalities have been reported. Hyperactivity of
prefrontal areas (orbitofrontal cortex and anterior cingulate
cortex) during attempts to activate the affected limb was
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interpreted as an indicator of increased inhibition [8–12]. A
suppressed activation of motor cortex during attempted
movements has been described [e.g., 13–15]. An involvement of striatothalamocortical circuits and dorsolateral
prefrontal cortex resulting in impaired volition and dysfunctional motor programs is also discussed [16]. A recent
publication emphasized that conversion symptoms are
associated with activations in brain areas that are related to
emotion regulation and self-related representations [14]. A
disconnected crosstalk between the dorsal, “cognitive“ and
ventral, “emotional“ subdivisions of the anterior cingulate
and the prefrontal cortex has already been hypothesized
some years ago [17].
In our study with TMS, we were interested if patients with
a psychogenic lower limb paresis activate their motor system
during tasks without demand to move the limb. Based on the
results of functional brain imaging studies, we hypothesized
that motor excitability might be suppressed during motor
imagery (MI) or action observation (AO). Motor imagery
may be defined as being ”a dynamic state during which the
representation of a given motor act is internal rehearsal
without any overt motor output“ [18]. Functional imaging
studies in healthy subjects have demonstrated that similar
motor areas are activated as during real execution of the
movement (e.g., Refs. [19–22]). Comparable to MI, AO
leads to activations in parietal and premotor cortex [23–25].
TMS investigations have shown that both MI and AO
enhance corticospinal excitability in a muscle-specific
manner [26,27] and to a similar degree [28]. Patients with
motor conversion disorder participating in a mental rotation
task had more difficulties with an explicit MI than with the
implicit MI [29]. In another experiment, the authors
described a specific slowing of motor initiation but not a
general slowing involving motor execution [30]. Recent
TMS studies with patients suffering from psychogenic upper
limb paresis demonstrated that MI of finger movements with
the affected limb induced a decrease of motor excitability,
suggesting an inhibition of the motor system during that task
[31,32]. The present study explored if a similar phenomenon
can also be found in psychogenic lower limb paresis and if
abnormalities occur to a comparable degree in MI and AO,
respectively.

Methods
Patients
We studied 10 patients with a flaccid psychogenic paresis
(mean age: 43±8 years, mean duration of symptoms: 25
months, range: 4–120 months, four women). Four patients
complained about a paraparesis, three patients presented with
a right-sided paresis, the other three with a left-sided paresis.
In all of them, ankle dorsiflexion was more severely impaired
than other movements. In all but one patient ankle
dorsiflexion was plegic. More detailed clinical information

is supplied in Table 1. Before participating in the study, all
patients had undergone an extensive diagnostic work-up.
Reflexes, somatosensory evoked potentials, motor evoked
potentials, nerve conduction studies, electromyography,
magnetic resonance imaging of brain and spinal cord,
cerebrospinal fluid examination and blood tests for vitamin
deficits or hypothyroidism had all been normal. Eight
patients complained about sensory deficits to a varying
degree, the other two patients did not suffer from sensory
impairments. Five patients reported a physical injury prior to
symptom onset. This percentage (42%) is comparable with a
recently reported number [1]. Remarkably, all the physical
injuries involved a psychic trauma or affected psychosocially
prestressed individuals. Furthermore, all patients included
showed relevant psychosocial strains and/or psychiatric
comorbidity (Table 1).
We had the opportunity to perform MI experiments in
two patients with a psychogenic fixed dystonia. In order to
maintain homogeneity in the group of patients with flaccid
paresis, we did not include results from these two patients
in the group data but report them as single cases. More
clinical details are summarized in Table 1. Our healthy
control group consisted of 10 age-matched subjects (42±9
years, four women).
Both groups participated in MI and AO experiments.
All subjects had given informed consent prior to inclusion.
The study was approved by the Ethical committee of the
University of Constance. Exclusion criteria included pregnancy, metallic implants in the brain and heart pace makers.
TMS
Recordings were taken with surface electrodes (bellytendon montage) from the tibialis anterior muscle. TMS was
performed with a circular coil (outer diameter: 14 cm) (The
Magstim, Dyfed, UK) which was connected to a magnetic
stimulator (Magstim 200 HP). To apply paired pulses, the
coil was connected to a Bistim device which triggered two
magnetic stimulators. The optimal coil position where MEPs
could be evoked with the lowest stimulus intensity was
marked with ink to ensure an exact repositioning of the coil
throughout the experiment. At this coil position the motor
threshold (MT) was determined. MT was defined as the
stimulus intensity needed to produce MEPs with a size of
50–100 μV in five out of 10 consecutive trials during
complete muscle relaxation [33]. TMS single pulses were
applied with an intensity of 115% of the individual MT at
rest. Short interval intracortical inhibition (SICI) and
intracortical facilitation (ICF) were examined in a conditioning-test pulse TMS paradigm [34] at complete rest. The
first conditioning shock had an intensity of 75% of MT. The
intensity of the second pulse was adjusted to produce an
MEP of approximately 0.3 mV peak-to-peak size. The
following interstimulus intervals were tested: 2, 3, 10 and 15
ms. To increase the power and to obtain a representative
mean value for SICI and ICF we combined conditioned MEP

Table 1
Clinical details of the patient group
Pain

Physical
injury

Psychiatric morbidity (ICD-10)

Psychosocial aspects

19

None

None

Surgical intervention

Dissociative motor disorder F44.4

Flaccid, right leg (degree of
strength: 4-), ankle
dorsiflexion plegic

11

+

Lower back

Catheter intervention

M

Flaccid, Left leg and left
arm, plegic

15

++

Headache

None

28

M

22

+++

47

M

12

++

Lower back,
generalized
myalgias
Right leg, back

None

5

6

44

M

Flaccid, both legs, pronounced on
the right side (degree of strength:
2), ankle dorsiflexion plegic
Flaccid, right leg, paretic (degree
of strength: 3), ankle
dorsiflexion plegic
Flaccid, both legs, plegic

Mixed dissociative disorder F44.7,
Persistent somatoform pain disorder
F45.4, Recurrent depressive disorder
F33.2, subsyndromal PTSD F43.8
Mixed dissociative disorder F44.7,
Mixed anxiety and depressive
disorder F41.2
Mixed dissociative disorder F44.7

Experienced life threatening medical
condition (pulmonary embolism)
Traumatic childhood experiences,
anxious [avoidant] personality traits
multiple surgical interventions
experienced as life threatening
Health problems since childhood,
traumatic life event, current
relational conflict
Relational conflict, anxious
[avoidant] personality traits

7

+++

7

44

F

8

54

F

9

48

F

10

28

F

11

28

M

12

37

M

Age

Sex

Symptoms/affected limb(s)

1

51

M

Flaccid, both legs, plegic

2

44

M

3

35

4

Duration
(months)

Mixed dissociative disorder F44.7,
subsyndromal PTSD F43.8

Several stressful live events, anxious
[avoidant] personality traits

Current impulse a

Mixed dissociative disorder F44.7,
Persistent somatoform pain disorder
F45.4

Avoidant coping strategy

Headache, back,
upper and lower
extremities,
fluctuating
Cervical pain,
headache

Traffic accident, cervical Mixed dissociative disorder F44.7,
spine distortion
subsyndromal PTSD F43.8

Avoidant coping strategy

+

None

Ankle joint distortion

Mixed dissociative disorder F44.7,
Neurasthenia F48.0, Specific
phobias F41.2

Anankastic (performance-oriented)
personality traits, current conflict
at work

none

Headache,
shoulder, back

Accident (bicycle)

Traumatic childhood experiences,
chronic illness behavior

4

++

Lower back

None

22

+

Shoulder, back

None

Mixed dissociative disorder F44.7,
Persistent somatoform pain disorder
F45.4, Postconcussional syndrome
F07.2, dependence syndrome
(sedatives/hypnotics) F13.2
Dissociative motor disorder F44.4,
Persistent somatoform pain disorder
F45.4, Dysthymia F34.1
Mixed dissociative disorder F44.7,
Persistent somatoform pain
disorder F45.4

Experienced abuse and disregard in
childhood, current psychosocial
stress (persistent)
Several traumatic life events in
childhood and youth, current
relational conflicts

+++

None

None

Mixed dissociative disorder F44.7,
subsyndromal PTSD F43.8

Suffered act of violence, experienced
as life threatening

Flaccid, left leg and left arm,
36
(degree of strength: 3), ankle
dorsiflexion plegic
9
Flaccid, left leg, ankle dorsiflexion
almost plegic (degree of
strength: 1), plantar flexion paretic
(degree of strength: 4-)
Flaccid, both legs, plegic
120

Flaccid, right leg (degree of
strength: 2), ankle
dorsiflexion plegic
Fixed dystonia of the right leg, in
particular the ankle joint. Foot in
plantar flexion and supination.
Ankle dorsiflexion plegic
Fixed dystonia, left leg and left
arm, both in a stretched position,
unable to bend them passively
or actively

None

5

++
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Sensory
deficits

Patient

M, male; F, female; +, small sensory deficit; ++, moderate sensory deficit; +++, loss of sensation.
a
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Electric shock.
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values at interstimulus intervals of 2/3ms and 10/15 ms and
took the mean conditioned MEP values at 2/3 ms and 10/15
ms as a measure of SICI and ICF, respectively. Recordings
were stored on a Viking IV (Nicolet, Kleinostheim,
Germany) and analysed offline. MEP amplitudes were
measured peak-to-peak.

changes of the two different tasks in the same subjects.
Healthy age-matched control subjects (n=5) participated in
the same procedures.
MI and AO tasks were repeated eight times. Additionally,
eight stimuli were given at rest. Results are expressed as
percentage of the MEP amplitude at rest.
Experiment 3: Motor excitability at rest

Experiments
Motor imagery
Subjects were asked to imagine a dorsiflexion of the foot.
In detail, they were instructed to imagine a phasic movement
lasting for 2 s, followed by a tonic phase for another 2 s.
Performance was practiced prior to the initiation of the
experiment. Two seconds after the command to start the
imagery the TMS pulse was given. After each TMS pulse,
subjects were asked to stop imagery for a few seconds in
order to avoid mental fatigue. The frequency of TMS was
approximately 0.1 Hz. Auditory feedback via a loudspeaker
ensured that, during imagery, no muscle contraction
occurred. Recording of each trial started 30 ms prior to the
TMS pulse and finished after 200 ms. Trials with
electromyographic (EMG) contamination produced by
involuntary muscle activity were excluded from further
analysis.

To explore motor excitability at rest, MTs were
determined and MEP amplitudes were measured in all
patients. In a subgroup of five patients, the paired pulse
paradigm testing motor cortex excitability was applied.
The same number of healthy subjects was studied with
these techniques.
Statistical analysis
An analysis of variance (ANOVA) was used after testing
for normal distribution In Experiments 1 and 3, results of the
patient group were compared with the control group using
unifactorial ANOVAs.
In Experiment 2, a two-factorial ANOVA with the factors
GROUP (two levels: patient group and control group) and
the factor INTERVENTION (two levels: MI and AO) was
calculated. When significant p values occurred in the
ANOVA, Bonferroni corrected post hoc t-tests were applied.
The level of significance was defined as Pb.05.

Action observation
Two videos were demonstrated. A person, viewed from a
first person perspective, was shown in a sitting position
with the right leg crossed over the left. In video 1, the
person did not move. In Video 2, the person repetitively
performed a dorsiflexion of his right foot. The movement
duration was 2 s, the position of the dorsiflexed foot was
kept for another 2 s, then relaxed. TMS was applied as soon
as the foot was in the maximally dorsiflexed position. The
sequence of videos was randomized across subjects.
Subjects were asked to closely watch the videos without
attempting to imitate the movements.
Experiment 1: MI
Patients and healthy subjects were asked to imagine a
dorsiflexion of the foot. In patients with a unilateral paresis,
both sides were studied, in patients with a paraparesis the
right foot was studied. Healthy subjects were tested on both
sides. Each imagery task was repeated eight times. In
addition, 16 stimuli were given at rest. Results are expressed
as percentage of the MEP amplitude at rest.
Experiment 2: comparison of MI and AO
In a subgroup of patients (n=5) MI and action observation
were investigated in order to evaluate motor excitability

Results
Experiment 1
There was a significant difference of motor excitability
changes induced by MI [F(1,19)=26.1; Pb.0001, Table 2].
The control group exhibited an increase of motor excitability
during MI. In contrast, the patients did not show an increase
but a decrease of motor excitability (Fig. 1). The decreased
MEP amplitudes in the patient group were also significantly
different from mean baseline MEP amplitudes (P=.028). In
Table 2
TMS results in the patient group (n=10) and the control group (n=10)

Motor threshold
MEP size at rest (mV)
ICI
ICF
MI
AO

Patient group

Control group

64.8±10.8
0.39±0.34
42.9±37.9
150.4±55.9
74.8±16.4
128.9±15.4

67.3±10.7
0.37±0.35
40.7±17.8
164.7±57.7
210.8±76.8
132.8±15.2

Intracortical inhibition and facilitation and action observation data were
recorded in a subgroup of five patients, all other parameters in the group of
10 patients. ICI and ICF are expressed as percentage of the MEP size
induced by single TMS. MI and AO results are shown as percentage of the
MEP size at rest. Motor threshold is expressed as percentage of the
maximum stimulator output. Results are shown as mean±S.D.
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the six patients with unilateral symptoms, MEP increase
during MI with the non-affected leg was similar to the results
obtained in the control group. In these six patients, MEP size
increased to 232.4±105.4% (mean±S.D.) of MEP amplitude
at rest.
Experiment 2
The ANOVA indicated a significant effect for the factor
GROUP [F(1,19)=14.7, P=.0014) and for the interaction
GROUP×INTERVENTION [F(1,19)=12.3, P=.003] but
not for the factor INTERVENTION [F(1,19)=0.4, P=.54).
Post hoc analysis revealed a significant difference of MI
effects in patients and control subjects (P=.005) and a
significant difference between MI and AO effects in the
patients (P=.023). In contrast, AO effects were similar in
patients and healthy subjects (P=.57), and there was only a
non-significant trend towards a stronger excitability increase
during MI than during AO in the control group (P=.19)
(Fig. 2).

Fig. 2. Comparison of TMS results during motor imagery (black bars) and
during action observation (open bars) in patients with psychogenic lower
limb paresis (n=5) and an age-matched healthy control group (n=5). Error
bars indicate standard deviations. *Pb.05.

mean group value. In patient 11, ICI and ICF were tested at
rest. He had a somewhat lower ICI (54.9% of MEP
amplitude evoked by single pulse stimulation) and an
increased ICF (305% of MEP amplitude evoked by single
pulse stimulation) as compared to the control group.

Experiment 3
There was no significant difference between patients
and healthy subjects regarding MTs [F(1,19)=0.74; P=.4]
and MEP amplitudes at rest [F(1,19)=0.25; P=.87].
Moreover, neither ICI values [F(1,19)=0.014; P=.91] nor
ICF results [F(1,19)=0.158; P=.7] indicated a difference
between the two groups.
Results in two patients with a psychogenic fixed dystonia
During MI, both patients showed an excitability pattern
comparable to the results of the group with flaccid paresis. In
patient 11, MEP amplitude during MI was 86.8% of MEP
amplitude at rest. In patient 12, MEP amplitude during MI
was 77.1% of MEP amplitude at rest. Motor thresholds
(patient 11: 61% of maximum stimulator output intensity;
patient 12: 56%) were somewhat lower than those in the two
groups but still within a single standard deviation of the

Fig. 1. Comparison of MEP amplitudes evoked during MI of ankle
dorsiflexions in patients with psychogenic lower limb paresis (n=10) and an
age-matched healthy control group (n=10). Error bars indicate standard
deviations. *Pb.05.

Discussion
Our study demonstrates that patients with a psychogenic
lower limb paresis exert an abnormally low excitability
pattern during imagery of ankle dorsiflexions. The MEP
amplitude reduction during MI was observed in every single
patient and indirectly indicates an “active” down-regulation
of motor excitability. In contrast, all healthy subjects showed
an excitability increase during MI. We hypothesize that the
patients' inhibition of excitability is an electrophysiological
correlate of the inability to perform voluntary movements. It
is highly improbable that the results are due to an inability to
perform MI. If that were the case, MEP amplitudes should
have been similar to those obtained during rest. However,
recently it has been demonstrated that limb amputation and
disuse may weaken the ability to generate vivid images of
movements [35]. Therefore, in future studies, we will
address the evaluation of imagery capabilities in more detail
by introducing scales to assess MI vividness. The current
results are comparable to those in patients with a
psychogenic upper extremity paresis [31,32], suggesting
that the pathophysiological mechanisms for upper and lower
limb motor conversion disorder are similar. Moreover, since
the two patients with dystonic symptoms displayed the same
abnormal inhibition of excitability as the patients with
flaccid paresis, our finding represents a more generalized
mechanism that occurs even in opposite clinical pictures.
The results also suggest that the activation of inhibitory
neurons is task-dependent since motor excitability measures
at rest did not indicate a difference between the two groups.
In brief, motor cortex excitability, examined by the paired
pulse paradigm, as well as corticospinal excitability, tested
by MTs and MEP amplitudes at rest, was similar in both
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groups. This finding corresponds to other TMS studies in
motor conversion disorder [3–7] and indicates that the
“passive” motor system excitability is normal. However, this
seems only to be true for patients with flaccid psychogenic
paresis. In patients with psychogenic dystonia, abnormalities
of cortical excitability at rest have been described, e.g.,
different groups have reported a reduction of Intracortical
Inhibition [36–38]. We also found a reduced Intracortical
Inhibition and an increased Intracortical Facilitation in a
patient with fixed dystonia (Patient 11, Table 1), thus
reproducing the results published by others. Avanzino et al.
[37] suggested that enhanced cortical excitability might
represent an underlying predisposing trait to different clinical
forms of dystonia.
Where does the inhibition of motor excitability during
MI occur? We hypothesize that motor cortex and its output
are down-regulated by other higher-order brain areas.
However, the current results do not allow to draw definite
conclusions regarding such areas involved in this inhibition. Considering brain imaging results, one could
speculate that an inhibitory neuronal circuitry from
prefrontal cortex to the basal ganglia and from there to
the motor cortex becomes activated during MI and during
the attempt to move voluntarily. An alternative might be a
loop from prefrontal to premotor cortex [15] and from
there to the primary motor cortex. Based on our results, the
question whether a motor conversion disorder rather
interferes with the preparation, or the execution of
voluntary movements, or both, cannot be answered with
certainty [16]. Most patients complained about a more or
less severe sensory impairment in the affected leg. Some
patients described an inability to localize the position of
the leg without visual feedback. Most probably, the mental
image of that limb was impaired or even lacking in these
patients. This certainly also contributes to an impaired
ability to imagine movements. Brain imaging studies had
found a hypoactivation of parietal cortex [8,12], potentially
a correlate of an impaired sensation. However, lack of
sensation cannot be the only reason for our finding, since
the decrease of motor excitability even below the resting
condition points to an active inhibition. Interestingly, such
an inhibition was not found during the AO task. The
patients displayed a “normal” excitability increase during
observation of another person performing movements. This
suggests that inhibitory activity depends on the perspective
and on the question whether the patient focuses his
attention on himself or on a different person. Another
reason for the discrepancy between AO and MI might be
that AO activates the motor system in an implicit,
“bottom-up” manner, whereas our MI task activates the
motor system in an explicit, “top-down” way. The
differential findings might have therapeutic implications:
Currently, we hypothesize that patients with motor
conversion disorder might benefit more from a treatment
with AO elements than with MI aspects. This hypothesis
should be tested in a controlled clinical trial. However, one

can also consider an alternative approach, consisting of
strategies aimed at improving the expression of MI.
Using an AO task, Burgmer et al. [39] examined brain
activation patterns in four patients with psychogenic arm
paresis and reported a decrease of motor cortex activation. This
result is in some contrast to our findings. The reason for this
discrepancy is unclear. Differences in methods (TMS versus
functional magnetic resonance imaging), patient characteristics (e.g., affection of upper versus lower extremity) and the
observed movements might be responsible.
In our study with TMS we cannot differentiate between
feigning and true motor conversion disorder. Sohn et al. [40]
have demonstrated that the volitional suppression of an
intended movement may also induce a reduction of MEP
amplitudes. However, based on clinical observations of the
patients' behavior and their psychopathological profile
during the inpatient rehabilitation period, feigning was not
suspected in any of the patients.
In summary, our study demonstrated an abnormal downregulation of motor excitability during MI but a normal
excitability increase during AO. These results do not only
enlarge our knowledge about pathophysiological changes in
patients with motor conversion disorder but surprisingly also
helped individual patients to accept the diagnosis and a
psychosomatic therapeutic approach. Recently, such a
finding has also been reported by others [15].
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