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Motor training

 CI therapy (Taub, Wolf)

 Bilateral arm training (Whitall, 
Luft, Macko, Hanley, Stinear, Byblow) 

Mirror training protocols 
(Ramachandran)

 Robot-assisted training (Krebs, 
Wittenberg, Volpe, Cramer)
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Interhemispheric interactions
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Interregional interactions
Interhemispheric inhibition

Hypothesis: Interhemispheric inhibition 
from the contralesional to the ipsilesional 
motor cortex in patients with chronic stroke 
is more prominent than interhemispheric 
inhibition in age-matched healthy controls. 

Murase et al. Ann Neurol 2004 
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Results

Weak
hand

Murase et al. Ann Neurol 2004 
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Interhemispheric inhibition between primary motor 
cortices

Weak
hand

Ward and Cohen. Arch Neurol  2004 
Hummel and Cohen. Lancet Neurol 2006 
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Interhemispheric inhibition between M1s

Grefkes, Ann Neurol  2008
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Changes in motor representations induced by 
repetitive electrical stimulation

Nudo, et al., 1990
(350Hz burst; 1 Hz burst freq.; 1 hr duration)
See also Graham Brown and Sherrington, 1912

Presenter
Presentation Notes
Repetitive ICMS alters motor representations in rats.  Injection of bicuculline into forelimb motor cortex blocks local inhibitory connections.  Then forelimb movement can be elicited from stimulation of vibrissae area.
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Predictability of response to TMS of the ipsilesional 
M1

Ameli et al Ann Neurol 2009
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Contralesional hemisphere
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Contralesional hemisphere

Lotze, J Neurosci  2006
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Hand paralysis and more abstract  learning
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Brain lesions

Buch et al, Brain 2012

Presenter
Presentation Notes
Brain Lesions. (A) Sagittal, coronal, and axial views of individual subject T1-weighted MRI scans with segmented brain lesions. A secondary segmentation of the total lesion was implemented to distinguish between core (red) and peri-necrotic (blue) regions based on differences in T1 signal intensity. Slices for each view are shown at the center-of-gravity location for the core lesion. (B) Group core lesion (top row; slices through MNI coordinate X=26, Y=-15, Z=2), peri-necrotic lesion (middle row; 24,-18,35) and total lesion (bottom row; 25,-15,29) probability maps displayed in MNI152 space. Left hemisphere lesions for SP3 and SP5 have been flipped to the right-side. Two clusters (outlined in black) within the group lesion probability map show an overlap of at least 7 of 8 patients. The first cluster (517mm3 volume; centre-of gravity: 23.16, -14.57, 29.23) is located within the superior portion of the corona radiata, while a smaller more inferior cluster (60mm3 volume; 25.38, -14.17, 2.87) is located in the external medullary lamina. 
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SMR modulation through Grasping 
Imagery Training 

Buch et al, Brain 2012

Presenter
Presentation Notes
Trial Description for SMR modulation through Grasping Imagery Training. Whole-head MEG data was continuously recorded throughout each training block (48 trials). At the initiation of each trial, one of two targets (top-right or bottom-right edge of visual display) appeared on a projection screen positioned in front of the subject. A screen cursor appeared at the left edge of the screen 500ms later, and began moving toward the right edge at a fixed rate. SMR power modulation was estimated from a preselected subset of the sensor array (3 to 4 source sensors) at 150ms intervals throughout the trial (4s duration), and compared to an adaptive baseline which characterized the midpoint between the power distribution means for each task state (target/orthosis action conditions). The distance of the current power state from this baseline was transformed into an upwards (positive) or downwards (negative) deflection of the screen cursor’s vertical position, with an update rate of 6.7Hz. At the conclusion of the trial, if the subject successfully deflected the cursor to contact the target, two simultaneous reinforcement events occurred. The cursor and target on the display changed colours from red to yellow, and the orthosis manipulated the impaired hand’s grasp posture to the alternative state (opening or closing of hand). If the cursor did not successfully contact the target, no orthosis action was initiated. 
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Skill, Task-related SMR Power Contrast, and 
Global Functional Network Cost-efficiency

Buch et al, Brain 2012

Presenter
Presentation Notes
Skill, Task-related SMR Power Contrast, and Global Functional Network Cost-efficiency. (A) SMR modulation skill . Skill was defined as the proportion of correct trials for each training session, and showed a significant increase for the group (t7=3.77;p<0.01). Group mean (thick black line) is shown with the 95% confidence intervals (shaded grey area). Individual subject curves (thin black lines) are overlaid to illustrate the variability across the group. (B) Task-related SMR power contrast between target conditions showed a significant positive relationship with final success rate (β=1.07,t7=2.91,p<0.05). (C) Global cost-efficiency 28 across the entire MEG array shows a significant positive relationship with acquired SMR modulation skill (β=6.54,t7=3.08,p<0.05). 
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Structural Network Nodal and Edge 
Betweenness Centrality and Skill 

Contralesional nodes and edges 
display a uniform relative increase
In their role in integrating
information between frontal 

and parietal regions of the brain 

Buch et al, Brain 2012

Presenter
Presentation Notes
Figure 5. Structural Network Nodal and Edge Betweenness Centrality and Skill. Nodal betweenness centrality characterizes the influence of a single node over the sharing of information between other nodes. (A) Grey bars show nodal betweenness centrality values for each node in an intact network prior to the inclusion of lesions (Zhang et al., 2010) . Red circles show the group mean betweenness centrality for each network node following lesion inclusion. Circle diameter is proportional to the standard deviation of nodal betweenness centrality across patients. Small grey filled circles show individual patient values. (B) Lesion-induced changes in precentral gyrus nodal betweenness centrality correlates with both skill (β=0.003, t7=3.42, p<0.05), and task-related sensorimotor rhythm power contrast between target conditions (β=0.002, t7=4.11, p<0.01). (C) Group mean symmetric network matrix showing the mean lesion-induced change in betweenness centrality for each edge following application of lesion damage to the network. As in the previous figure, filled circles located at grid-line intersections represent existing edges (connections) in the network. Rows and columns with the white background (dividing the rest of the matrix into quadrants) contain edges representing corticospinal and thalamocortical fibre pathways. Edges representing ipsilesional hemisphere 29 short and long association fibres are located in the top-left quadrant (with the black background). Transcallosal fibre pathway edges are located in lower-left and upper-right quadrants. Contralesional hemisphere short and long association fibre edges between contralesional nodes directly connected to ipsilesional nodes through transcallosal pathways are located in the lower-right quadrant. Circle diameter is proportional to the standard deviation in edge betweenness centrality difference across patients. Large diameter circles highlight edges with relatively high betweenness centrality variability across the group. Circle colours reflect the group mean edge betweenness centrality difference. Grey coloured circles indicates edges where betweenness centrality did not change (see colour bar scale). (D) Change in edge betweenness centrality measured for the connection between the ipsilesional angular gyrus and middle frontal gyrus (part of the parietofrontal portion of the superior longitudinal fascicle; SLFfp) shows a significant positive relationship with skill (β=0.041, t7=5.29, p<0.005). It should be noted that damage caused by lesions (Fig 4) induce a complex pattern of changes in the relative influence of ipsilesional hemisphere nodes and ipsilesional association fibre and interhemispheric edges on global network integration. However, the influence of contralesional nodes and edges displays a uniform relative increase, as damage in the opposite hemisphere enhances their role in integrating information between frontal and parietal regions of the brain. 
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Extralesional White Matter FA 
Related to Skill. 

Caudal contralesional SLF
(below intraparietal sulcus)

Central contralesional SLF
(below M1-PMv junction)

Buch et al, Brain 2012

Presenter
Presentation Notes
Figure 6. Extralesional White Matter Fractional Anisotropy (FA) Related to Skill. Two white matter clusters in the contralesional hemisphere were the only locations where there was a significant positive relationship between extralesional FA and acquired sensorimotor rhythm modulation skill across the stroke patient group. (A-B) A caudal region of the contralesional superior longitudinal fascicle adjacent to the anterior intra-parietal sulcus (cluster size = 105; max t-stat = 7.94; MNI location = -29,-56,35) . (C-D) A central region of the contralesional superior longitudinal fascicle underlying sensorimotor cortex (cluster size = 96; max t-stat = 12.37; MNI location = -38,-21,32). Both clusters are significant at the level of p<0.05 (corrected). Note that all lesioned areas were excluded for analysis (see Methods). 
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Extralesional Gray-matter Volume 
Related to Skill (ROI)

Contralesional
intraparietal sulcus

Rostral precentral gyrus

Buch et al, Brain 2012

Presenter
Presentation Notes
Figure 7. Extralesional Gray-matter Volume Related to Skill. An ROI-based VBM analysis of gray matter regions co-localized to regions of FA that correlated with SMR modulation skill revealed two complimentary clusters showing a positive correlation between gray matter volume and SMR modulation skill. (A-B) A caudal cluster is located within the contralesional intraparietal sulcus (cluster volume = 440 mm3; max t-stat = 4.20; MNI location = -2   8,-60,50). (C-D) A second cluster is located along the grey matter/white matter border of the rostral precentral gyrus and near the junction of rostral M1, PMv, and the dorsal premotor cortex (PMd) (cluster volume = 248 mm3; max t-stat = 3.87; MNI location = -42,-10,46). Both clusters are significant at the level of p<0.05 (corrected).   
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Conclusion

Contralesional parietofrontal integrity may 
underlie learning to control neural activity 
associated with grasping imagery after stroke 
with severe motor disability 

Buch et al, Brain 2012
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