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Stroke Impact Scale 

Supplementary Table 1. Detailed data for all patients. Each domain of the SIS was 

transformed to resemble a percentage score between 0 and 100, with 100 being of positive 

valence (e.g., full strength in limb, activity not affected, activity not difficult). 
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1 25 96 78 96 68 72 0 66 60 

2 25 57 78 100 63 72 0 50 50 

3 0 82  100 58 75 0 28 30 

4 13 96 61 100 53 64 0 56 40 

5 69 89 67 96 48 83 5 81 60 

 

 

 

 

 

 



Overt movement during Execution (Patients) 

Supplementary Table 2. Patients. Overt movement during Execution. First value 

indicates percentage of blocks (6 in total) in which movement occured. Second value 

indicates the average movement intensity [0 = no movement; 5 = strong movement] of the 

blocks in which movement occured. 

Patient Finger Wrist Elbow Shoulder Other 

1 0-0 100-1 66-1.4 50-0.7  

2 83-1.5 33-1 33-1.5 17-1.5  

3 33-0.5 100-0.8 83-2 0-0 mouth 100-1.5; L leg 17-0.5 

4 66-1.3 33-1.5 66-1.3 83-1 L leg 66-1 

5 0-0 17-1 0-0 0-0 R foot 100-1; R wrist 50-1 

mean 36-1.1 57-1.1 50-1.6 30-1.1  

 

 

Full description of fMRI results – HVs 

In the main manuscript only sensorimotor activations are described. In the following all 

activations are described (see also supplementary figure 1 below). Below, results are 

presented in the following way. First, each condition is described with the comparisons 

condition – Base, condition – Execution, and Execution – condition. Second, each condition is 

compared to the remaining conditions, i.e. Imagery(R), PassiveMove, and/or Observation. 

Finally, results are briefly summarized. Cytoarchitectonic areas are given in brackets. 

 

Execution 

The comparison Execution – Base(C) activated the left postcentral gyrus (4p, 1), with the 

activation slightly extending into the left precentral gyrus (6). In addition, the left 

supplementary motor area (SMA; medial 6) was activated extensively, with the activation 

reaching inferiorly into the middle cingulate cortex. Furthermore, bilateral activation was 

evident in the rolandic operculi (OP1), and the supermarginal gyri (left PFcm, right PF, and 

2). Finally, the left thalamus and right cerebellum were involved in the task.  



In the comparisons Execution – Imagery(R) and Execution – Observation, a highly 

comparable activation pattern as compared to Execution – Base(C) was observed. Thus, 

Execution activated sensorimotor cortices and the cerebellum much stronger than Imagery(R) 

and Observation. Opposed to this, Execution – PassiveMove revealed only small 

circumscribed activations in the left sensorimotor cortices, indicating a high level of similarity 

between Execution and PassiveMove. The latter three contrasts are described in more detail 

below. 

Taken together, Execution activated an expected sensorimotor network of brain areas and 

this activation was stronger than in all other conditions except for PassiveMove. 

 

PassiveMove 

The comparison PassiveMove – Base(C) resulted in a virtually identical activation pattern 

as compared to Execution – Base(C). In particular, activation was also evident in the left 

postcentral gyrus (3b), but this activation extended slightly more anterior than in Execution – 

Base(C) and included the precentral gyrus (4a, 6) as well. The cerebellum showed activation 

only using a more liberal threshold of p < .001 (highest peak in the cerebellum at 22x, -48y, -

26z, p(FWE) = .065, T(20) = 6.05). The contrast PassiveMove – Execution revealed only a 

difference in the anterior cingulate cortex (BA 24), but no difference in the left pre- or 

postcentral gyrus. The reversed contrast, i.e. Execution – PassiveMove showed that the 

activations in the left sensorimotor cortex, i.e. left pre- (6) and post-central (2) gyri, were 

slightly but significantly stronger in Execution as compared to PassiveMove.  

PassiveMove – Imagery(R) revealed activation in the left sensorimotor cortex, i.e. 

precentral gyrus (4a, 6), postcentral gyrus (2), and rolandic operculum (OP1). In addition, the 

inferior part of the SMA was activated (because Imagery(R) activates the superior part of the 

SMA as well). PassiveMove – Observation showed basically the same pattern of activation, 

except that the whole SMA was activated (because Observation does not activate the SMA). 



Taken together, PassiveMove activated the same areas as Execution, but slightly weaker. 

In addition, PassiveMove activated sensorimotor areas stronger than Imagery(R) and 

Observation. 

 

Imagery(R) 

The comparison Imagery(R) – Base(C) activated the SMA (6) comparably to Execution – 

Base(C).  In addition, premotor areas in the precentral gyrus (6), superior frontal gyrus (6), 

and bilateral inferior frontal gyri (44) were activated. Although these activations were not 

evident in Execution – Base(C) at the chosen threshold, they failed to reach significance in the 

direct comparison Imagery(R) – Execution. Instead, there were differences mainly in other 

prefrontal areas, such as the anterior inferior frontal gyrus, orbital gyri, and the anterior 

superior frontal gyrus, in addition to the left parietal cortex. Calculating the contrast 

Execution – Imagery(R) reveals a network highly comparable to Execution – Base(C), i.e. left 

postcentral gyrus (4a, 1, 2, 3b), left SMA (6) extending inferiorly into the mid-cingular cortex, 

left rolandic operculum (OP1), and cerebellum. 

The contrast Imagery(R) – Observation revealed activation in the left SMA (6) and left 

inferior frontal gyrus (44). Imagery(R) – PassiveMove showed activation in the left anterior 

precentral gyrus (6). 

Taken together, Imagery(R) is predominantly associated with premotor and prefrontal 

areas, but only moderately with the primary sensorimotor network observed in Execution. 

 

Observation 

Contrasting Observation – Base(O) showed mainly posterior visual activations but 

virtually no cortical activations associated with the sensorimotor system. The only exception 

are three very circumscribed foci of activation in the left and right precentral gyri (6). In 

addition, there are activations in the left parietal lobe (7PC, 7A, 2, 7P). Calculating the 



contrast Observation – Execution revealed an activation in the right precentral gyrus (4a). In 

addition, a number of prefrontal areas in the inferior, middle, and superior frontal gyri, 

partially extending into the anterior inferior precentral gyrus, were activated. Since 

participants had their eyes open during Observation but not Execution, posterior visual 

cortices were extensively activated. The reversed contrast, i.e. Execution – Observation (Fig 

3.4c, Tab. hv14), resulted in virtually the same activation pattern as compared to Execution – 

Base(C), i.e. activation in the left sensorimotor cortices (pre- and postcentral gyri, rolandic 

operculum, 4a, 6, 1, 2, OP1), bilateral SMA (6), cerebellum, and right parietal areas 

(supramarginal gyrus (OP1), inferior parietal cortex (IPC(PFm))). 

The contrasts Observation – Imagery(R) and Observation – PassiveMove both showed 

extended activation of posterior visual areas and of scattered prefrontal areas, but no 

activation of somatosensory, motor, or premotor areas. 

Taken together, there is virtually no involvement of the sensorimotor cortices in 

Observation. 

 



Supplementary Figure 1. MRI results healthy volunteers. 

 



Full description of fMRI results – Patients 

In the main manuscript only sensorimotor activations are described. In the following all 

activations are described (see also supplementary figure 2 below). Please note that all patients 

had right-hemispheric lesions. Since we aimed at assessing the affected hand, all tasks were 

performed with the left hand. Accordingly, activation patterns might be left-right reversed as 

compared to the HVs. 

 

Execution 

Although patients were instructed to perform the same wrist movement as HVs, no patient 

was able to do so. As described in detail below actual movement during Execution was 

virtually absent or, at best, much slower and with only minor amplitude. Therefore, in patients 

the Execution condition may be better understood as the attempt to execute overt movement. 

Calculating the contrast Execution – Base(C) (Base(C) of the third run only) showed 

bilateral activation in the lateral and medial motor and premotor cortices. In particular, left, 

right and medial primary motor cortices in the pre- and postcentral gyri (4a, 4p, medial 4a) 

and the left rolandic operculum (44, OP4) were involved in Execution. In addition, Execution 

activated bilateral premotor cortices in the precentral gyri (6, medial 6/SMA) extending into 

the right superior (6) and left inferior frontal (44) gyri. Posteriorly, the activation extended 

into the somatosensory cortices of the left and right postcentral gyri (2). It is noteworthy that 

the consistency of these sensorimotor activations across patients is high. As can be seen in 

Tab p17, for virtually all activation peaks all five patients showed the expected effect (i.e., 

positive beta-value) in close vicinity of or even directly at the peak voxel of the group 

statistics. Parietal activation was evident in medial (5M, 7P, 7A) and lateral superior parietal 

cortices (5L, 7A, 7PC) as well as in inferior parietal cortices including the supramarginal 

gyrus (PFm, PF, PGa, hIP2, PFop, PFcm). In addition, the right cerebellum was activated 

extensively. Small and circumscribed activations were evident in the left prefrontal cortex 



(middle frontal gyrus, 6, 47), bilateral insula (13), mainly left-lateralized temporal cortices (L 

inferior temporal gyrus, 20, 37; L middle temporal gyrus, TE3; L & R superior temporal gyri, 

22, 41), and the left parahippocampal gyrus (19).  

Taken together, Execution activated bilateral and medial sensorimotor cortices and the 

right cerebellum. 

In the following, the comparisons of Execution with the other conditions are briefly 

described, for more details see further below. The contrasts Execution – Passive Movement 

(I), Execution – Imagery(L) (I), and Execution – Observation (I) revealed that Execution 

activated the right primary motor cortex stronger than Imagery and Observation, but not 

stronger than PassiveMove. In addition there were varying foci of further left and right 

hemispheric areas stronger activated in Execution as compared to the other conditions. 

The reversed contrasts (condition – Execution) revealed a set of identical activations which 

indicated that these activations might have been caused by a de-activation during the 

Execution condition. This was confirmed by calculating the contrast Base(C) – Execution, 

which showed activations in the left cerebellum, right inferior parietal lobe, cingulate cortex, 

and medial frontal gyrus. Importantly, all activations evident in the contrasts PassiveMove – 

Execution (I) and Imagery – Execution (I) were part of this network. Thus, neither 

PassiveMove nor Imagery activated any area stronger than Execution, if the deactivations in 

Execution are taken into account. However, the contrast Observation – Execution (I) showed 

additional activation in the medial frontal gyrus (10) and in posterior visual areas (hOC5, 

hOC4v, 37, 18).  

 

Passive Movement 

The contrast PassiveMove – Base(C) showed an extended activation in the right 

sensorimotor cortex including pre- and postcentral gyri. While the focus of the activation was 

on somatosensory areas (1, 2, 3b), it also extended anteriorly into motor areas (4a, 4p). 



Medially, SMA (6), medial frontal gyrus (9, 10), and ACC (32) were activated. Further 

activations were evident in the right superior parietal cortex (7C, 7A), on the posterior medial 

surface (BA 31), and the left superior temporal (38) and parahippocampal gyrus (19).  

Calculating the contrast PassiveMove – Execution (I) revealed only areas most likely due 

to a de-activation during Execution, i.e. cingulate cortices (31, 32), right angular gyrus 

(IPC(PGa)), and left cerebellum. The reversed contrast, i.e. Execution – Passive Move (I) 

(masked by Execution – Base(C)) showed extended activations in the left sensorimotor 

cortices, i.e. precentral gyrus (6, 4a), SMA (6), paracentral lobule (6, 4a), postcentral gyrus (1, 

2, 3b), and rolandic operculum (OP3). In the right hemisphere activation was weaker and only 

two premotor areas (superior frontal gyrus (6) and precentral gyrus (6)) and one primary 

motor area (paracentral lobule (4a)) were activated, while lateral primary sensorimotor 

activation was absent. Parietal cortices were activated in the lateral superior parietal lobe 

(7PC, 7A), supramarginal gyri (IPC(PFop, PFcm, PFm, PF)), angular gyri (IPC(PGa)), 

inferior parietal lobe (IPC(PF, PFm)), and medially in the precuneus (7A, 7M). Further 

activations were evident in frontal (inferior (47) and middle (9) frontal gyri), temporal 

(inferior (20), middle (37), and superior (22, 42) temporal gyri), and occipital cortices. 

Finally, insula (13) and the cerebellum were activated. 

The contrast PassiveMove – Imagery(L) revealed an extended activation in the right 

somatosensory cortex (2, 3b, 1) extending into motor (4a, 4p) and parietal (7PC, 7A, hIP2) 

areas. PassiveMove – Observation showed a highly similar pattern, with an extended 

activation in the right somatosensory cortex (1, 3b, 2) extending into motor (4a, 4p) and 

parietal (7PC) areas. In addition, circumscribed activations were evident in the left superior 

temporal (38) and parahippocampal (19) gyrus.  

Taken together, PassiveMove mainly activated right somatosensory cortices and, to a 

lesser extend, primary motor and anterior parietal areas. This activation was stronger in 



PassiveMove than in Observation and Imagery, but not than in Execution. Execution showed 

stronger activation in left and, to a lesser extend, right somatosensory cortices. 

 

Imagery(L) 

Contrasting Imagery(L) – Base(C) revealed a network of sensorimotor areas comparable to 

Execution – Base(C). In particular, premotor (6, 44) and primary motor areas (4a) in the 

precentral gyrus and somatosensory areas in the postcentral gyri (3b) were activated 

bilaterally. The activations extended anteriorly into the inferior frontal gyrus (44, 45) and 

posteriorly into the superior parietal lobe (2). Medially, SMA and paracentral lobule (6, 4a) 

were activated. Notably, a number of activation peaks were localized virtually identically as 

compared to the comparison Execution – Baseline, and the consistency of the activations 

across patients was again very high. While the right cerebellum showed only a small 

activation, the left cerebellum was activated extensively. Parietal activation was evident in the 

left supramarginal gyrus (PFt, PFop) and right angular gyrus (PGa). Finally, the left inferior 

(36), middle (21, 22), and superior temporal gyri (22) were activated. 

The contrast Imagery(L) – Execution again revealed only areas most likely due to a de-

activation during Execution, i.e. cingulate cortex (31, 32), right angular gyrus (IPC(PGa)), 

and left cerebellum. The reversed contrast Execution – Imagery(L) showed sensorimotor 

activation in the right postcentral gyrus, extending into the precentral gyrus (1, 3b, 4p, 4a, 6). 

In addition, the right cerebellum was activated. Parietal activations were evident in the left 

inferior parietal lobe (IPC(PFm, PF) and precuneus (7A, 7P). Finally, left inferior frontal 

gyrus (44, 47), bilateral superior temporal gyri (22), left insula (13), and left parahippocampal 

gyrus (19) showed activation. 

Imagery – Observation showed activation in the right sensorimotor cortex of the 

postcentral gyrus (3b, 4a) and the right SMA (6). Further activations were rather small and 

circumscribed and were located in the cerebellum, middle (19, 39) and superior (22, 38, 39) 



temporal gyrus, angular gyrus (39), hippocampus, parahippocampal gyrus (19), and 

subcortically in the claustrum and substantia nigra. In the contrast Imagery – PassiveMove 

(masked by Imagery – Baseline) mainly premotor areas were activated. In detail, the 

precentral gyrus was activated in the left (4a, 6) and right (6) hemisphere, with activation of 

both extending into the postcentral gyri (1, 3b). Lateral activations were further evident in the 

left inferior frontal gyrus (44), and left rolandic operculum (OP4). Medially, left SMA (4a, 6) 

and paracentral lobule (6, 4a) were activated. Further activations were evident in the right 

middle (22) and superior (39) temporal gyri, the right paracentral lobule (5M), the left insula 

(13), and the (mainly left) cerebellum. 

Taken together, when compared to Base(C), Imagery(L) showed a pattern highly similar to 

Execution, i.e. bilateral and medial sensorimotor cortices. This activation was stronger in the 

right hemisphere, and also evident when Imagery(L) was compared to PassiveMove and 

Observation, but not when compared to Execution. It is interesting to note that the 

sensorimotor activation of Imagery(L) is slightly anterior to the more somatosensory 

activation of Passive Movement. Execution activates right somatosensory cortices stronger 

than Imagery(L). 

 

Observation 

For the contrast Observation – Base(O), activation of the sensorimotor system was 

confined to the right lateral and medial anterior premotor areas (6) and a small focus in the 

right inferior parietal lobe (2). Further parietal activations were evident in the superior (7A, 7, 

7P, 7PC), inferior (PFop, PF, PFm, hIP1, hIP3), and medial (5L, 5M, 7A, 7, 7P) parietal lobe. 

In addition, the superior cerebellum was activated bilaterally. Further activations not directly 

related to sensorimotor processing did show in frontal (middle frontal gyrus, 46; medial 

frontal gyrus, 10), temporal (inferior (37), middle (21), and superior (TE3) temporal gyri), and 

occipital cortices. Finally, the insula (13) and cingulate cortex (31) were activated. 



The contrast Observation – Execution revealed again the set of areas most likely due to 

deactivation in Execution, i.e. , i.e. cingulate cortex (23, 32), right inferior parietal lobe 

(IPC(PGa)), and left cerebellum. In addition, medial frontal cortices (9, 10) and visual cortices 

(hOC5, hOC4v, 18, 19, 37) were activated. The reversed contrast Execution – Observation 

showed sensorimotor activation in the right postcentral gyrus (1, 4a) and left precentral (6) 

and postcentral (1) gyri. In addition, the paracentral lobule (4a, 6), the left rolandic operculum 

(OP3), left inferior frontal gyrus (44), and the bilateral cerebellum were activated. Parietal 

activation was evident in the left and right inferior parietal lobe (IPC(PFm, PF, PGa)). Finally, 

the left middle frontal gyrus (9) and the left middle (20) and superior (22) temporal gyri 

showed activation.  

The contrast Observation – Imagery(L) revealed extensive activation of the posterior brain. 

However, sensorimotor activation was limited to anterior parts of the right premotor cortices 

(superior frontal gyrus, 6; precentral gyrus, 6) and medially to the paracentral lobule (SMA, 

6). Parietal activations were mainly located in the left, right, and medial superior parietal 

lobes (5, 7, 7A, 40). Besides extensive occipital activations, there were activations in frontal 

(inferior (47) and middle (9) frontal gyri), temporal (inferior (20) and middle (22, 37) 

temporal gyri), parahippocampal (19, 30), hippocampal and cingulate (24, 29, 31) cortices. 

Finally, the thalamus and bilateral superior cerebellum were activated.  

In Observation – PassiveMove (masked by Observation – Baseline) sensorimotor 

activation was evident in right hemispheric premotor areas (middle frontal gyrus (6), rolandic 

operculum (44, 6), precentral gyrus (6, 4a) and medially in the lef SMA (6) and paracentral 

lobule (6). Parietal activations were present bilaterally in the superior (7A, 7, 7P), inferior 

(PF, PFcm, hIP3), and medial (5M, 7, 7P) parietal lobes. The cerebellum was activated 

bilaterally. A number of further activations not directly related to sensorimotor processing 

were located in temporal (inferior (37) and middle (21) temporal gyrus; Heschl’s gyrus (41)), 

and occipital cortices. Furthermore, the left hippocampus was activated. 



Taken together, Observation was characterized by mainly anterior premotor activations, 

but only moderately by primary motor or somatosensory activations. 

 



Supplementary Figure 2. MRI results patients. 

 



Full description of fMRI results – Patients (contrasts not masked) 

Since PassiveMove in patients deactivated posterior brain areas, we masked the comparions 

of Condition – PassiveMove with the baseline contrast Condition – Base. In the following the 

original contrasts are presented, i.e. Condition – PassiveMove without masking. 

 

Imagery – Passive Movement (not masked) 

In the contrast Imagery – PassiveMove (not masked by the contrast Imagery – Baseline) 

large parts of the brain were activated extensively. Regarding sensorimotor areas, premotor 

areas in the bilateral precentral (6), right inferior frontal gyrus (6, 44), and medial frontal 

gyrus (SMA, 6) were activated. In addition, primary motor areas in the lateral postcentral 

gyrus (4p) as well as the medial paracentral lobule (4a) were activated. Furthermore, 

somatosensory areas (1, 2, 3a, 3b) in the postcentral gyrus were activated, and the rolandic 

operculum (OP1, OP4) showed bilateral activation. The cerebellum was extensively activated 

bilaterally. Parietal activations were extensive and covered the superior parietal lobe laterally 

and medially (7, 7A, 5M), as well as the inferior parietal lobe (PF, PFm, PGp, PGa) including 

supramarginal and angular gyrus. Further activated cortical areas which are rather unrelated to 

sensorimotor processing included temporal cortices (inferior (20, 37), middle (21, 22), and 

superior (21, 39, 42) temporal gyri), frontal cortices (middle frontal gyrus, 9, 46; ACC, 24), 

occipital areas, insula (13), parahippocampal gyrus (30, 19), hippocampus, and cingulate 

cortices (23, 31). Subcortically, thalamus, putamen, caudate nucleus, globus pallidus, and 

substantia nigra were activated. 

 

 

 

 

 



Supplementary Figure 3. Imagery – Passive Movement (not masked) 

 

 

Observation – Passive Movement (not masked) 

Observation – PassiveMove (not masked by the contrast Observation – Baseline) also 

activated a large part of the cerebral cortex. With respect to sensorimotor activation, premotor 

(inferior (6, 44, 45), middle (6), superior (6) frontal gyri; precentral gyrus, 6), primary motor 

(precentral gyrus, 4a; postcentral gyrus, 4p), and sensory cortices (postcentral gyrus, 1, 2, 3a, 

3b; superior parietal lobe, 3b) were activated bilaterally (sensory cortices, however, were 

activated strongly left lateralized). Medially, SMA (6) and paracentral lobule (6, 4a, 3a) were 

activated. In addition, the rolandic operculum (OP3, OP4, 44, 6) was activated bilaterally. 

Parietal activations were present bilaterally in the superior (7A, 7, 7P), inferior (PFop, PF, 

PFcm, hIP3, PFm, PGa), and medial (5M, 7, 7P) parietal lobes. The cerebellum was activated 

extensively and bilaterally. A number of further activations not directly related to 

sensorimotor processing were located in frontal (e.g., inferior (47), middle (8, 9), and superior 

(9) frontal gyri; cingulate cortex, 24, 32), temporal (inferior (20, 21, 37), middle (21, 22), and 

superior (38, 41) temporal gyri), and occipital cortices. Furthermore, there were activations in 

the insula (13), parahippocampal gyri (28, 30), hippocampus, cingulate cortex (23, 30, 31), 

caudate nucleus, claustrum, putamen, and thalamus. 

 

 

 



Supplementary Figure 4. Observation – PassiveMove (not masked) 

 

 

 

 

 

 

 

 

 


