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Figure 3. 1. Randomized controlled trial protocol description. Patients are screened at timepoint t( -
1) for eligibility according to the inclusion/exclusion (i/e) criteria, the upper -limb fugl -meyer
assessment without the six points relative to the reflexes (fma/60) and the token test (tt).
Following the informed consent process, eligible participants are screened with the execution
of motor evoked potentials (mep) and the neuropsychological tests, namely trial making test
(tmt) and test of attentional perf ormance (tap). After the enrollment phase patients will be
evaluated at 5 timepoints (10, t1, t2, t3, t4) with clinical scales (fma/66, national institute of health
stroke scalet nihss, action research arm testt arat, manual muscle test ¥ mmt, modified
ashworth scale ¢ mas, numeric rating scale for pain ¢ nrs), eeg and magnetic resonance imaging
(mri) scans are performed only at t0, t3 and t4 timepoints. Between timepoints t0 and t1, patients
were randomly assigned to one of two groups and underwent rehab ilitative training; the bci -
based mi group received a training with the promotoer, while the control mi group underwent
a training based on mi without feedback. Subsequent evaluations are performed after 1 (t2), 3
(t3) and 6 (t4) months after the end of the training period. Dataset size (n) is outlined in the
11T =SSP A Kk

Figure 3. 2. The promotoer system [1]. The promoter is equipped with a computer, a wireless
eeg/emg, a screen for the therapist feedback (for the eeg activity and emg activity monitoring)
and screen for the ecological feedback to the participant; this ecobgical feedback is delivered
by means of a custom software program that provides for (personalized) visual representation
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in shape, size, skin color and orientation to match as much & possible the real hand and arm of

the participant. Real-time feedback is provided by means of bci2000 software [24]. The degree

of eeg desynchronization over selected electrodes within selected frequencies (bci control

features) determines the verticalvi OOEPUa wOi wUT T wEUUUOUwWOOwWUT T wU

Ul 1T w?YDPDUUUEO? wi EOCEwWUOI UPEUI WEEEOUEDOT Oadw3i i w
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individuals (grey lines) and averaged across participants (black line) considering all patients (n

= 24) of the bci group (upper panel), the bci severe patt O U0 Uwpb P UT wi OE¥t Y wA whNuw

i
po

panel) and bci moderate patients fma/60 > 19 (n = 6) (lower pane.......ccccccvvvvvvvvvvveeiieeeneeennn) Wt
Figure 3. 4. Frequency distribution of patients of the two intervention groups (bci, ctrl) expressed as
function of the motor impairment at baseline (fma/60 at t0)..........cccccceeeeiiiiiiiiimeniiiieeeeeeeeen Wk

Figure 3. 5. Radar plot of the averaged (z standard error) subscales of the fma/66 before (t0) and after
the treatment (t1) across all participants (n = 24/22) of the bci group (left panel) and ctrl group
(right panel). The upper extremity, wrist, hand and coordination/speed subitems are
represented clockwise and the subtended area, obtained by interpolating the averages, is
01T | 2] 1T |1 (= SRR WA

Figure 3. 6. Radar plot of the averaged (z standard error) subscales of the fma/66 before (t0) and after
U7 1T wOUI EUOT OUwpURNAWEEUOUUWUT YI Ul wxEUDPT OUUwPHUT w
and ctrl group (right panel). The upper extremity, wrist, hand and coordination/speed subitems
are represented clockwise and the subtended area, obtained by interpolating the averages, is
(01T a1 [Te] 1] €= PSPPI WA

Figure 3. 7. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at timepoints t0 (baseline) and t1 (after
the training) for the bci (panels a, b) and ctrl (panels ¢, d) group, for the task performed with the
unaffected (panels a, ¢) and affected (panels b, d) hand. The affected hemisphere is the right one
for all participants. In each representation are reported the t values obtained from the
comparisonsinallti T wi Ul gUT OEAWEEQOEU Wy Owg OwYOwd AwbOwUT I
representation was obtained considering all participants of the bci (n = 24) and ctrl (n = 22)
0 0 T 01 PP ww

Figure 3. 8. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at timepoints t0 (baseline) and t1 (after
the training) for the bci (panels a, b) and ctrl (panels c, d) group, for the task performed with the
unaffected (panels a, c) and affeted (panels b, d) hand. The affected hemisphere is the right one
for all participants. In each representation are reported the t values obtained from the
comparisons in all the frequency bands (4, g, Y, ¢) in the rows from the top to the bottom. The
Ul xUI Ul OUEUPOOWPEUWOEUEDOI EWEOOUDPET UDPOT wUI YI Ul w
=Yg o B ox 1 I (it G ) T | 11 0 LS WN
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Figure 3. 9. Average tUUEOEEUE wi UUOUOwWUT Awdi wOT T wUil OEUDYI wx OF
OAWEOOxUUT EwOOwWUT YT Ul wxEUPT OUUwWPDUT wi OE¥t YwAwhy
pink and blue lines respectively. In panel a are depicted the power relative indices obtained for
the mi task performed with the affected hand (mi -ah) and in panel b the relative power indices
obtained for the mi task performed with the unaffected hand (mi -uh). No statical differences
were detected at tO between groups (p > 0.05) and the tweways mixed anova on factors group
(bci, ctrl) and timepoint (t0, t1), revealed a significant effect of the factor timepoint on r %

(@it w X8t pp = 0.013) in miah and on 1 (Gfg w p & §p = 0.003 and rY U@ w Ve {p =
0.028 when the task is performed with the unaffected side (mi -uh)......................cceeenn, NY

Figure 3. 10. Average (xstandard error, se) of the power ratios (pri, dar, tbr, tar, tbar) and the brain
UadO0l DUAWDPOEPETI UwpUEUPOWXEEUPAWEOOXxUUI EwOOwWUI Yi
and ctrl (n = 13) groups, in pink and blue lines respectively. In panel a are depicted the power
relative indices obtained for the mi task performed with the affected hand (mi -ah) and in panel
b the relative power indices obtained for the mi task performed with the unaffected hand (mi -
uh). No statical differences were detected at tO between groups (p > 0.05) and the twoways
mixed anova on factors group (bci, ctrl) and timepoint (t0, t1), revealed a significant effect of the
factor timepoint on dar ("®ft w p ®o fp = 0.003) in miah and on pri (@lt w vt &p = 0.033
and dar (@ft @ p & p = 0.00) when the task is performed with the unaffected side (mi -uh).

Figure 3. 11. Fma/66 values at the different timepoints (t0, t1, t2, t3, t4) for all participants (upper
xEOI OAWEOEwWUT YI Ul wxEUDPT OOUwpDUT wi OE¥xt YopUY A wA why |
(blue lines). The bold lines represent the averageacross patients of each group (bci/ctrl): 15/13
patients in all participants and 12/6 in SEVEre PatieNtS. .........cccvvviiiiiieeeeiiicee e Nk

Figure 3. 12. Arat values at the different timepoints (t0, t1, t2, t3, t4) for all participants (upper panel)
EQEwUI YI Ul wxEUDPI O0OUwpBDUOUT wi OExt YUY AwWAwhY wpOOPI U
lines). The bold lines represent the average...........ccccceeeeviiiieeeriiiiiiieeee e sssiieessnnneeeeeeee e oN K

Figure 3. 13. Radar plot of the averaged (x standard error) subscales of the fma/66 across all
participants (15/13, bci/ctrl) at all timepoints (10, t1, t2, t3, t4) of the bci group (panel a) and ctrl
group (panel c). In panels b and d, the radar plots are reported only for the baseline and t4
assessment for the bci and ctrl groups, respectively. The upper extremity, wrist, hand and
coordination/speed subitems are represented clockwise and the subtended area, obtained by
interpolating the averages, is highlighted. ... Nt

Figure 3. 14. Radar plot of the averaged (+ standard error) subscales of the fma/66 across severe
xEOUDPI OOUwPDUT wi OE¥vt YPUYAwWAwhY wophl ¥yt OWEEDYEUOUOK U
(panel a) and ctrl group (panel c). In panels b and d, the radar plots are reported only for the
baseline and t4 assessment for the bci and ctrl groups, respectively. The upper extremity, wrist,
hand and coordination/speed subitems are represented clockwise and the subtended area,
obtained by interpolating the averages, is highlighted...............cccoiiiiiiiiiiicineee NA

Figure 3. 15. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (10, t1, t2, t3, t4) for
the bci (left panel) and ctrl (right panel) group, f or the task performed with the unaffected hand.
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The affected hemisphere is the right one for all participants. In each representation are reported
UT T wOwYEOUI UwOEUEDOI Ewi UOOwWUT T wWEOOXEUPUOOUWPOWE
from the top to the bottom. The representation was obtained considering all participants of the
bei (n = 15) and Ctrl (N = 13) GrOUPS....ccoieii i i rene e e e e e e e aaeeaaaaaeaeeeeeeenan N W
Figure 3. 16. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (t0, t1, t2, t3, t4) for
the bci (left panel) and ctrl (right panel) group, for the task performed with the affected hand.
The affected hemisphere is the right one for all participants. In each representation are reported
Ul T wOwYEOUI UwWOEUEDOI Ewi UOOwWUT T wWEOGOXEUPUOOUWPOWE
from the top to the bottom. The representation was obtained considering all participants of the
bei (n = 15) and Ctrl (N = 13) GIrOUPS....ccoeeii i rene e e e e e e e aaeeaaaeaeaeaeaeeenan NN
Figure 3. 17. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (10, t1, t2, t3, t4) for
the bci (left panel) and ctrl (right panel) group, f or the task performed with the unaffected hand.
The affected hemisphere is the right one for all participants. In each representation are reported
Ul l wOwYEOUT UwOEUEDPOI Ewi UOOwWUT T wEOOXxEUDPUOOU WD OWE
from the top to the bottom. The representation was obtained considering severe patients with
i OE¥t YUY AwAY wOi wOT | wEE D.weluwiA .whl. AwWEOEWEINN wpdw
Figure 3. 18. Scalp topographic distribution of the t-value obtained from the psd comparison (paired
t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (10, t1, t2, t3, t4) for
the bci (left panel) and ctrl (right panel) group, f or the task performed with the affected hand.
The affected hemisphere is the right one for all participants. In each representation are reported
Ul l wOwYEOUT UwOEUEDPOI Ewli UOOwWUT T wEOOXxEUDPUOOU WD OWE
from the top to the bottom. The representation was obtained considering severe patients with
i OExt YUY AwWARY wOi wiOi | wEEDweOwA whl.AWwESEWE LY §uwpdw
Figure 3.19. Average *UUEOEEUE wl UUOUOwWUIT AwoOi wUT 1T wul OEUDYIT wx Ol
PAWEOOXxUUT EwOOwWUIT YT Ul wxEUDPI OUUwWwPBUOT wi OE¥t YwA whiy
pink and blue lines respectively, at all timepoints (t0, t1, t2, t3, t4). In panel a are depicted the
power relative indices obtained for the mi task performed with the affected hand (mi -ah) and
in panel b the relative power indices obtained for the mi task performed with the unaffected
hand (mi-uh). No statical differences were deteced both at t0 and at t4 between groups (p >
0.05). The 2tails paired t-test within groups between t0 and t4 reveal no significative differences
(o] I= 10} Yo | (01U o TP TP UUUPPPPPPPPPPPPPRPTIN: huy hu
Figure 3. 20. Average (xstandard error, se) of the power ratios (pri, dar, tbr, tar, tbar) and the brain
Uadl0l UUawPOEPET UW@pUEUDPOWXEEUDAWEOOXxUUI EwOOwWUI YI
and ctrl (n = 6) groups, in pink and blue lines respectively, at all timepoints (10, t1, t2, t3, t4). In
panel a are depicted the power relative indices obtained for the mi task performed with the
affected hand (mi-ah) and in panel b the relative power indices obtained for the mi task
performed with the unaffected hand (mi -uh). No statical differences were detected both at tO
and at t4 between groups (p > 0.05). The 2tails paired t-test within groups between t0 and t4
reveal in the bci group a significant difference on pdbsi (p = 0.023) for both the mi-uh.......... huy hu
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and moderate patients with fma/60 > 19 (red boxplot), during the mi task performed with the
unaffected (mi-uh) and affected (mi-ah) hand. The + symbol refers to the average of the
distribution and the * stands for a significative difference (p < 0.05). ......ccooviiiiiiiiiiiieiiicceeenn. huy W

Figure 3. 22. Boxplot distributions of the power ratio indices (pri, dar, tbr, tar, tbar) computed for all
xEUUPEDXxEOUUW@EOUI WEORXxOOUAOwWUI YI Ul wxEUDI OUUwP
patients with fma/60 > 19 (red boxplot), during the mi ta sk performed with the unaffected (mi -
uh) and affected (mi-ah) hand. The + symbol refers to the average of the distribution and the *
stands for a significative difference (P < 0.05).......ccoiiiiiiiiiiiiiiieee e Yy N

Figure 3. 23. Boxplot distributions of the brain symmetry indices (rbsi, pdbsi) computed for all
xEUUPEDPXxEOQOUUW®EOUI WEORXxOOUAOWUI YI Ul wxEUDI OUUwPH
patients with fma/60 > 19 (red boxplot), during the mi task perform ed with the unaffected (mi -
uh) and affected (mi-ah) hand. The + symbol refers to the average of the distribution and the *
stands for a significative difference (P < 0.05)........uuiiiiiiiiiiiiiiree e huy N

Figure 3. 24. Boxplot distributions of the spectral exponent difference between the two hemispheres,
calculated as the se in the affected hemisphere (ah) minus the spectral exponent in the
unaffected hemisphere (uh), for all participants (blue boxplot), seY1 Ul wx EUBPI OUUwpkPbBUT
(yellow boxplot), and moderate patients with fma/60 > 19 (red boxplot), during resting state
with eyes closed. The + symbol indicates the mean of the distribution.................................. huhuy

Figure 3. 25. Decision three models obtained considering all participants (n = 46) with mi task
features (panel a) and resting state features (panel b), in addition to the demographical (age,
sex) and clinical (months since stroke, affected hemisphere, fma 60 at baseline) features always
DOEOUEI Edw3T 1 wOPWUEUOQuwI 1 ECUUTI UwPOEOQUET wUT T wUxOu
x1 Ul OUOl EwpPUT wUOT 1T wel i1 EVUI Ewl ECEwPT T Ul EQwWUT T wul
tar, tbar, rbsi, pdbsi comput ed on ce and oe resting state, and the s@au, seuh computed on ce.

The assigned intervention group of each patient (bci, ctrl) is included as a feature. The target
(responders/not-responders) is set as the recovery after the treatment on the basis of thancid

of 7 points: 0 (not-UT Ux OOET UAwPT 1 OwUT 1 wl i OEpUYOUhAWZwWwOED!
11 OEpUYOUNAwWAWOEPEwWpU]I EABw( Owl EET woOl Eil wpEOR AWE
target feature (0,1) of the observations included expressed also ashe percentage (%), as well as

a ratio, of the number of observations with the main target on the total of the observations of

the leaf. The color of the box also represents the label of the main target feature: 0 (blue), 1 (red).

At the bottom of each leaf, the feature utilized for the subsequent division is indicated, while

the thresholds used for the division are reported, along with the termination point of each

0] 7= 1 o o T huhuK

Figure 3. 26. Scatterplot of all patients on the fma/60 (xaxis) and the assigned group (y-axis). Each
observation is colored on the basis of the label of the target feature: 0 when thel fma(t0,t1) <
OEPEwW@EOUI AOQwhwpkbi T OwUI L.wi.i..0E.plY.00uA wa. wwd BmuK wpU i

Figure 3. 27. Decision three models obtained considering the bci patients (n = 24) with mi task
features (panel a) and resting state features (panel b), in addition to the demographical (age,
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sex) and clinical (months since stroke, affected hemisphere, fma_60 at baseline) features always
DOEOUET Ed w31 1 wOPWUEUOQuwI 1 EOUUT UwPOEOUET wUT T wUxOu
performed with the affected hand whereas the resting state featU U1 UwDOEOUET wUT T wUxn
tar, tbar, rbsi, pdbsi computed on ce and oe resting state, and the seau, seuh computed on ce.

The target (responders/not-responders) is set as the recovery after the treatment on the basis of

the mcid of 7 points: 0 (not-U1 Ux OOET UAwPT 1 OwlT 1 wi i OEpUYOUhNAWGwO
O 1T wii OEpUYOUNAwWA wOEPEwpUI EA8 w( Owi EET woOl Eil wepEOR
target feature (0,1) of the observations included expressed also as the percentage (%)savell as

a ratio, of the number of observations with the main target on the total of the observations of

the leaf. The color of the box also represents the label of the main target feature: 0 (blue), 1 (red).

At the bottom of each leaf, the feature utiliz ed for the subsequent division is indicated, while

the thresholds used for the division are reported, along with the termination point of each

Figure 3. 28. Decision three models obtained considering the ctrl patients (n = 22) with mi task
features or resting state features, in addition to the demographical (age, sex) and clinical
(months since stroke, affected hemisphere, fma_60 at baseline) fe@mres always included. The
OPwWUEUOQuwi I ECUUTI UwPOEOUET wUT T wUy OwUYOwx UPOWEEUOuW
OT 1T wgEl T 1 EUI Ewl EQEwPT T UI EUwUOTT wUT UUDOT WUUEUT wi 1 E
pdbsi computed on ce and oe resing state, and the seau, seuh computed on ce. The target
(responders/not-responders) is set as the recovery after the treatment on the basis of the mcid
of 7 points: 0 (not-UT Ux OOET UAwPT 1 OwUT 1 wl i OEpUYOUhAWZwWOED!
11 OE pBYuDEDBA wpUl EASw( Owl EET wOl El wpEORAWEUT wUi xO
target feature (0,1) of the observations included expressed also as the percentage (%), as well as
a ratio, of the number of observations with the main target on the total o f the observations of
the leaf. The color of the box also represents the label of the main target feature: O (blue), 1 (red).
At the bottom of each leaf, the feature utilized for the subsequent division is indicated, while
the thresholds used for the division are reported, along with the termination point of each
0] 7= g o] o PR ERRPR huhuk

Figure 3. 29. Average (+ standard error) of the approximate entropy computed on the rois of the
affected hemisphere (yellow lines) and unaffected hemisphere (blue lines) across all
xEUUPEDPXxEOUUwpi PUUCDWEOOUOOAOWUIT YT Ul wxEUDI O0Uwi O
fma_60 >19 (third column). The graphs reported on the first row are related to the appen
computed on ce while in the second row on oe. The appen obtained on healthy controls (ctrl),
pooling the two hemispheres, is reported as a grey line. The * stands for a significative difference
(p < 0.05) between the appen computed on the affected and unaffected hemisphere in patients.
................................................................................................................................................. bul hu
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TUOUXxUW@pEEPOWEUUOAWEOOUDPET UPOT WEOOWXxEUUPEDXxEOUL
and moderate patients with fma/60 at baseline > 19. For eaclgroup is reported the numerosity
(n°), the averaged age (+ standard deviation), the dominant hand (right/left/ambidextrous), the
sex (male/female), the affected hemisphere (right/left), the fma/66 (mean + standard deviation)
before (t0) the training, the effectiveness computed on the fma/66 (mean * standard deviation),
the months since stroke (mean + standard deviation) and the averaged (+ standard deviation)
control frequency used to control the promotoer system in the bci group. .......ccccvveveeerennnnnnnd wil
Table 3. 2. Average clinical scales (+ standard error) across groups of patients (bci, ctrl) considering
EOOwWXxEUUPEDPXxEOQOUUOWUI YT Ul wxEUDPI OUUwWPBUT wi OExt Yuwl
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fma/60 at baseline > 19. For each group is reported the numerosity (n°) and the mean value of
each clinical scale (fma, nihss, arat, mas, mmt, nrs) before (t0) and after (t1) the treatment... WK
TUOUXxUW@pPEEDPOWEUUOAWEOOUDPET UDPOT wUT 1T wUI YT Ul wxEUDI
(bci, ctrl) is reported the numerosity (n°), the averaged age (xstandard deviation), the dominant
hand (right/left/ambidextrous), the sex (male/female), the affected hemisphere (right/left), the
fma/66 (mean * standard deviation) before (t0) the training, the effectiveness computed on the
fma/66 (mean * standard deviation), the months since stroke (mean + standard deviation) and
the averaged (+ standard deviation) control frequency used to control the promotoer system in
(LTSI o Tt I o | {0 U1 o Wk

Table 3. 4. Average clinical scales (+ standard error) across groups of patients (bci, ctrl) considering
OT 1T wUl YT Ul wxEUPT OUUwPPUT wi OErvt YWEUWEEUI OPOIl wply
(n°) and the mean value of each clinical scale (fma, rihss, arat, mas, mmt, nrs) before (t0) and
after (1) the treatMENT. ... e e e e e e e enenssrnn e e e e e e e e s e e Wit

Table 3. 5. Spearman correlation values between indices(relative powers, pawer ratios, brain
symmetry indices) computed on mi task performed with the affected hand at baseline (t0) and
the fma effectiveness between t0 and t1, obtained for both groups (bci, ctrl). The first two
columns refer to the correlations considering all participants of both groups while the following
UPOWEOOUPETI UDOT woOOOawlT 1 wUT YI Ul wxEUDI OUUwPBUT wi
marked in bold, and the associated p-value is alsSo reported. .............vevvveveiiiviiiicn e, NI

Table 3. 6. Spearman correlation values between indices (relative powers, pawer ratios, brain
symmetry indices, spectral exponent) computed on ce resting state data at baseline (t0) and the
fma effectiveness between t0 and t1, obtained for both groups (bci ctrl). The first two columns
refer to the correlations considering all participants of both groups while the following two
EOOUPETI UPOT wOOOawUT I wUI YT Ul wxEUDI OUUwPDUT wi OE¥
marked in bold, and the associated p-value is also reported............cccccooiiiiiiiiiieesiiiiieeeeeeeee NI

Table 3. 7. Spearman correlation values between indices (relative powers, pawer ratios, brain
symmetry indices) computed on oe resting state data at baseline (t0) and the fmaeffectiveness
between t0 and tl1, obtained for both groups (bci, ctrl). The first two columns refer to the
correlations considering all participants of both groups while the following two considering
OO00awli 1 wUT YI Ul wx EUDI O U U ufibabt @drraldtidh& aret mankegd b Yodw A w vy 6
and the associated pvalue iS alSO rePOItEU. ..........uuuieiiiiiiiiiiieree e e Nt
TUOUxUwW@pEEDPOWEUUOAWEOOUDPETI UDOT WEOOWXxEUUPEDXxEOUU
For each group is reported the numerosity (n°), the averaged age (+ standard deviation), the
dominant hand (righ/left/ambidextrous), the sex (male/female), the affected hemisphere
(right/left), the fma/66 (mean + standard deviation) at baseline (t0) and at the last timepoint (t4)
and the months since stroke (mean * $andard deviation). ............ccccviviiiiiiiiesree e NK

Table 3. 9. Demographical and clinical characteristics (mean + standard deviation) of patients at
EEUI OPOl wopUYAWEOOUPETI UPDOT wWEOOWXEUUDPEDXEOUUOWUI
patients with fma/60 > 19. For each group is reported the numerosity (n°), the averaged age (=
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standard deviation), the dominant hand (right/left/ambidextrous), the sex (male/female), the
affected hemisphere (right/left), the fma/66 (mean + standard deviation) at baseline (t0) and the
months since stroke (mean * standard deviation)............cccceiiiiiicree e eees huy Wl

Table 3. 10. Spearman correlation values between indices (relative powers, pawer ratios, brain
symmetry indices) computed for mi tasks and the fma, nihss and mmt at baseline. The first three
columns refer to the correlations considering all participants (n =49), the following three
EOOUDPET UDPOT wUOT T wUT YT Ul wxEUDI OUUwPPUT wi OEvt YUY A
the correlations obtained considering the moderate patients (n = 13). The significant correlations
are marked in bold, and the associated p-value is also reported...............cceeeeeeeeiiriecciiiiinnn, huhuhy

Table 3. 11. Spearman correlation values between indices (relative powers, pawer ratios, brain
symmetry indices, spectral exponent) computed for ce resting state and the fma, nihss and mmt
at baseline. The first three columns refer to the correlations consdering all participants (n =49),
U7 1T wi 6666pHOT wlOT UT 1 WEOOUDPET UDPOT wUT T wUI YT Ul wxEUD
columns refers to the correlations obtained considering the moderate patients (n = 13). The
significant correlations are marked in bold, and the associated p-value is also reported. ...... huhuhu

Table 3. 12. Spearman correlation values between indices (relative powers, pawer ratios, brain
symmetry indices) computed for oe resting state and the fma, nihss and mmt at baseline. The
first three columns refer to the correlations considering all partici pants (n =49), the following
UT Ul 1l wEOOUDPET UPOT wOT 1T wUI YT Ul wxEUDI OUUwPDUT wi OE
refers to the correlations obtained considering the moderate patients (n = 13). The significant
correlations are marked in bold, and the associated pvalue is also reported.............cccvvvvenee huhuhy

Table 3. 13. Performance (accuracy, precision, specificity) of the three models obtained considering
all participants (n = 46) that completed the training (see fig. 3.1), the patients randomized in the
bci group (n =24) and the patients randomized in the ctrl group (n = 22). In each group of
patients, both the models with the indices computed in mi task and with the indices computed
in resting state, were tested. When considering all participants together the group (bci, ctrl) is a
L(= LU0 £ =Y | PSR huhut
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Figure 2. 1. Flow chart that illust rates the methodological steps of the analyses conducted in the present study.EEG:
Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations.
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Figure 2. 2. Distribution on the cortex (panel a) and on the scalp (panel b) of the LFOs power averaged across subjects
(N = 18) for the motor execution of the finger extension experimental task of the right hand at 5 time points around the
onset:-0.6 5,-0.3 s, 0 $+0.3 s and +0.6 Power was normalized with respect to the baseline interval (first second of each
trial). Representations are centered around the EMG onset and the color decodes the LFOs powelf4]
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Figure 2. 3. Temporal profiles of LFOs power averaged across subjects (N = 18) in the Medial Frontal Gyrus of the Left
Hemisphere (MNI coordinates = [-38.36 3.95 52.98]) on the cortex (panel on the left) and on the channels FC3, C3 and C1
on the scalp, respectively, for the finger extension experimental task of the right hand. Power was normalized with
respect to the baseline interval (first second of each trial). Profiles are presented in a time interval of [-0.6 0.6] s centered
around the EMG onset. For each channelis reported the value of the Spearman correlation between the LFO power
temporal profile of the EEG channel and the Medial Frontal Gyrus, and the p -value. [4]
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Figure 2. 4. Temporal profiles of LFOs power averaged across subjects (N = 18) in the Superior Temporal Gyrus of the
Left Hemisphere (MNI coordinates = [-61.99-32.01 11.54]) on the cortex (panel on the left) and on the channels T7 and
TP7 on the scalp, respectively,for the finger extension experimental task of the right hand. Power was normalized with
respect to the baseline interval (first second of each trial). Profiles are presented in a time interval of [-0.6 0.6] s centered
around the EMG onset. For each channe is reported the value of the Spearman correlation between the LFOs power
temporal profile of the EEG channel and the Superior Temporal Gyrus, and the p -value. [4]
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Figure 2. 5. The Flow chart illustrates the methodological steps of the analyses conducted in the present study. EEG:
Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations.
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Figure 2. 6. Topographic maps of healthy subjects, averaged across 20 samples (right task and left flipped task), of the

LFO power

LFO power

LFOs power for the finger extension execution task of the right hand (panel a) and for the imagination of the finger
extension task of the right hand (panel b) at different timepoints. Power was normalized with respect to the baseline
interval (first second of each trial). The topographic maps include F, FC, C, CP channels. For the executed finger
extension, the topographic representations are centeed around the EMG Onset and for the Ml task the representations
are centered around the visual cue. For both task are presented 5 time points around the onset chosen:0.6s,-0.3s, +0.3s
and +0.6s.[5]
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Figure 2. 7. Topographic maps of patient P1 (FMA = 31) of the LFOs power for the MI finger extension task of the
unaffected hand (top) and for the affected hand (bottom) at different timepoints. Unaffected hand = left hand, affected
hand = right hand. The topographic maps include F, FC, C, CP channels. The topographic representations are centered
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HAND

around visual cue: -0.6s,-0.3s, +0.3s and +0.6Power was normalized with respect to the baseline interval (first second
of each trial). [5]
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Figure 2. 8. Topographic maps of patient P2 (FMA = 15) of the LFOs power for the MI finger extension task of the
unaffected hand (top) and for the affected hand (bottom) at different timepoints. Unaffected hand = left hand, affected
hand = right hand. The topographic maps include F, FC, C, CP channels. The topographic representations are centered
around visual cue: -0.6s,-0.3s, +0.3s and +0.6Power was normalized with respect to the baseline interval (first second
of each trial). [5]
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Figure 2. 9. Single trial timeline: in panel a) the single trial timeline is shown together with the EMG onset realignment
step and in panel b) the trial timeline after the EMG onset alignment is depicted together with the time interval
considered for the baseline correction.
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Figure 2. 10. Flow chart that illustrates the methodological steps of the analyses conducted in the present study. The
analyses are conducted for all the experimental tasks: the grasping (Grasp) and finger extension (Ext) performed with
the right (R) and left (L) side by healthy participants, and the unaffected (UH) and affected (AH) hands by stroke patients.
EEG: Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations.
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Figure 2. 11. Averaged (xStandard Error) LFOs power across healthy participants (n = 15) computed on sensorimotor
channels (FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) in task and rest trials of the grasping
task performed with the right hand ; the red line is the averaged power computed on rest trials, the yellow line is the
power in task trials and the blue line is the power computed for task trial with the peak re -alignment. Power was
normalized with respect to the 1 s- baseline interval. The x-axis indicates the time; in task trials (yellow and blue lines)

the time O s stands for the EMG onset in norealigned trials and for the aligned peak time in realigned trials. [18]
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Table 2. 1. Demographic and clinical characteristics of the 16 stroke patients included in the present study (mean *
standard deviation). Age is given in years and the time from the stroke event in months. F: Females; FMA: Fugl-Meyer
Assessment scale, upper limb setion; L: Left; LH: left -handed; M: Males; R: Right; RH: right-handed.

Sex (FIM) 5/11
Age (yr) 55.69 + 16.04
Handedness 13 RH/1 LH/2 ambidextrous
Time from event (mo) 6.56 + 4.63
Side of lesion (R/L) 719
FMA 44.31 +14.44

~ ~

$7F1 EQwOimEll awUEGODT OO0 OUwOOwWUT T w+%. UWEOxODPUU

%Dl Ut 16 Uw 01T 1 w+%. UwxOPl UwUl OxOUEOQwxUOr Ol UwEYI U

TUEUxDOT wUOEUOQwxIT Ui OUOTI EwbPPUT wUOT 1T wUOETF I EUI ELucp&UEU>

Il EET wxEOI OwpdO! wi OUwl EET ws $ & wAITEEIIA
ECEwWwPQuxEGRd Ol EWUEUOQWUUPEOUW®EOUI woObPOl AwbUwWEIT xbPE
UBEODT Ol EWEGEwWUI EOPT O1 EWOUPEOUOWOEEUUUDOT WEUOUDBE W
OOUIUwUDOiwEOEOwD@@®ﬁb&ﬁ@%@@@w@®b®ﬁmemeEOiwOIw

UEUOUwW®p&UEUx ' OQw$RU4' OwsRrRU ' K6



59

LFO power
°

CP3 cP1 cPz cP2 cP4

AL AL AL AL A

el S D
Figure 2. 12. Averaged (+Standard Error) LFOs power across patients (n = 16) computed on sensorimotor channels (FC3,
FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) in the grasping task performed with the unaffected
hand; the yellow line is the power in task trials before peak re-alignment and the blue line is the power computed for
task trial after the peak-based re-alignment. Power was normalized with respect to the 1 s - baseline interval. The x-axis
indicates the time; the time 0 s stands for the BMG onset in no-realigned trials and for the aligned peak time in realigned
trials. For each EEG channel, the comparison (paired ttest, alpha=0.05, two tails) between the LFO peak amplitudes
extracted for task trials before and after re-alignment revealed significant differences (p < 0.05, false discovery rate
correction).
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Figure 2.13. Averaged (+Standard Error) LFOs power across stroke patients (n = 16) computed on sensorimotor channels
(FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) for the grasping task trials performed with the
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affected (blue line) and unaffected (red line) hand. Power was normalized with respect to the 1 s - baseline interval. The
x-axis indicates the time; the O s time is the time of the peak used for the realignment step.
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Figure 2. 14. Averaged (+Standard Error) LFOs power across stroke patients (n = 16) computed on sensorimotor channels
(FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) for the finger extension task trials performed
with the affected (blue line) and unaffected (red line) hand. Power was normalized with respect to the 1 s - baseline
interval. The x-axis indicates the time; the 0 s time is the time of the peak used for the realignment step.

Table 2.2. p-value (t value) obtained from the comparisons (two -tailed paired t -test, with significance level set at 0.05)
of couples of channels on LFOs peak values for the 4 experimental tasks considered: the finger extension tasks (Ext)
and for the grasping tasks (Grasp) performed with the unaffected (UH) and affected (AH) hand.

GraspUH GraspAH

ExtUH ExtAH

(FC3, FC1) vs. (FC4, FC2)

p =0.39 (t = 0.87)

p = 0.34 (t =0.97)

p =0.74 (t =0.33)

p=0.27 (t=1.11)

(C3,C1) vs. (C4,C2)

p=0.07 (t = 1.86)

p=0.09 (t=1.77)

p = 0.96 (t = 0.06)

p =0.02(t =-2.39)

(CP3, CP1) vs. (CP4, CP2

p=0.33 (t=0.99

p=0.10 (t=1.69

p = 0.41 (t =0.83)

p =0.03(t =-2.32)

(FC3, FC1) vs. (C3, C1)

p =0.02(t = 2.49)

p = 0.002(t = 3.37)

p =0.07 (t = 1.85)

p < 0.001(t = 4.09)

(FC3, FC1) vs(CP3, CP1)

p =0.01(t = 2.68)

p=0.01(t= 2.8

p =0.70 (t = 0.39)

p < 0.004(t = 3.45)

(FC4, FC2) vs. (C4, C2)

p =0.06 (t = 1.96)

p =0.001(t = 3.52

p=0.15 (t = 1.48)

p < 0.001(t = 3.81)

(FC4, FC2) vs. (CP4, CP2

p = 0.59 (t =0.55)

p = 0.005(t = 3.07)

p=0.71 (t =0.38)

p=0.09 (t=1.78)
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Table 2.3. p-value (t value) obtained from the comparisons (two -tailed paired t -test, with significance level set at 0.05)
on latencies of couples of channels between the finger extension (Ext) and grasping (Grasp) taskgperformed with the
affected (AH) and unaffected (UH) side (ExtUH vs. Ext AH, GraspUH vs. GraspAH).

ExtUH vs. ExtAH GraspUH vs. GraspAH
FC3 U FC4 p=0.45(t=0.76) p =0.03(t = 2.36)
C3UC4 p =0.01(t =-3.03) p =0.01(t = 2.86)
CP3 U CP4 p =0.03(t =-2.35) p=0.21(t=1.28)
a) b)
200 500

T

T

o

Latency [ms]
j=]
}_
Latency [ms]
[=]
— 1 H

ExtUH ExtAH GraspUH GraspAH

Figure 2. 15. Distributions (boxplot) across stroke patients (n=16) of latency computed on channels C3 and C4 pooled, for
the finger extension (panel a) and the grasping (panel b) performed with the unaffected (ExtUH, GraspUH) and affected
(ExtAH, GraspAH) side. The plus marker (+) represents the average across participants. The paired ttest tests
(alpha=0.05) performed on latencies for the finger extension tasks (ExtUH vs ExtAH) and for the grasping tasks
(GraspUH vs GraspAH) report a significative difference in both tasks (p = 0.01).
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Table 2. 4. Classification metrics (Accuracy, Sensitivity, Specificity; average + Standard Error across participants)
obtained in all the experimental tasks in healthy participants (GraspR, GraspL, ExtR, ExtL) and post-stroke patients
(GraspUH, GraspAH, ExtUH, ExtAH). The classification was performed on the LFOs peak power detected in the task
and the rest trials.

Healthy participants Stroke patients

GraspR GraspL ExtR ExtL GraspUH | GraspAH ExtUH ExtAH

Accuracy (%) 69.0+2.7 | 68.9+2.9 | 73.2429 | 68.5+2.2 | 72.7#3.2 | 72.0+2.8 | 72.5+2.6 | 67.0£3.3

Sensitivity (%) 69.4+3.9 | 56.2+5.7 | 70.7x4.6 | 68.2+4.4 | 69.4+5.0 | 68.5#5.2 | 71.7+35 | 64.4+3.4

Specificity (%) | 68.2+2.8 | 78.242.9 | 74.8+3.2 | 67.4+4.8 | 74.8+4.9 | 73.442.7 | 72.8¢3.1 | 67.7¢6.0
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Figure 3. 1. Randomized controlled trial protocol description. Patients are screened at timepoint T( -1) for eligibility
according to the Inclusion/Exclusion (I/E) criteria, the upper -limb Fugl-Meyer Assessment without the six points relative
to the reflexes (FMA/60) and the Token Test (TT). Following the Informed Consent process, eligible participants are
screened with the execution of Motor Evoked Potentials (MEP) and the neuropsychological tests, namely Trial Making
Test (TMT) and Test of Attentional Performance (TAP). After the enrollment phase patients will be evaluated at 5
timepoints (TO, T1, T2, T3, T4) with clinical scales (FMA/66, National Institute of Health Stroke Scalet NIHSS, Action
Research Arm Testt ARAT, Manual Muscle Test + MMT, Modified Ashworth Scale + MAS, Numeric Rating Scale for
pain + NRS), EEG and Magnetic Resonance Imaging (MRI) scans are performed only at TO, T3 and T4 timepoints.
Between timepoints TO and T1, patients were randomly assigned to one of two groups and underwent rehabilitative
training; the BCl-based MI group received a training with the Promotoer, while the Control MI group underwent a
training based on MI without feedback. Subsequent evaluations are performed after 1 (T2), 3 (T3) and 6 (T4) months after
the end of the training period. Dataset size (N) is outlined in the figure.

Figure 3. 2. The Promotoer system[1]. The Promoter is equipped with a computer, a wireless EEG/EMG, a screen for the

therapist feedback (for the EEG activity and EMG activity monitoring) and screen for the ecological feedback to the

participant; this ecological feedback is delivered by means of a custom software program that provides for (personalized)
YDUUEOwWUI xUI Ul OUEUPOOWO! wUT 1 wxEUUPEDXxEOUzUwWOPOwWI EOEUS W UwUU
Ul xUOEUEUDOOWOT wEwT BYI Owx EUUDE b digi@lly gréated idaddEinudhapE side,kinl céldd O WE & wE
and orientation to match as much as possible the real hand and arm of the participant. Reaktime feedback is provided

by means of BCI2000 software[24]. The degree of EEG desynchronization over selected electrodes within selected

iUl gUI OEPI Uwep! " (wWEOOUUOOWI 1 EVUUI UAWET U1 UOPOI UwOT T wYl UODEEOuW
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Table 3.2. Average clinical scales (x standard error) across groups of patients (BCIl, CTRL) considering all participants,

severex E0DT O0U0wpDUOT w%, ¥t YWEOWEEUI OPOI wp3YAwWAwWRNWEOEWOOETI UEUI w
is reported the numerosity (N°) and the mean value of each clinical scale (FMA, NIHSS, ARAT, MAS, MMT, NRS) before

(TO) and after (T1) the treatment.

All Severe Moderate
participants %, ft YwAu FMA_60 > 19
BCI CTRL BCI CTRL BCI CTRL
N° 24 22 18 16 6 6
FMA(TO) 15.2+16.0 | 15.8+12.9 6.4+3.3 9.3+7.0 41.5+4.9 33.2+7.5
FMA(T1) 22.1+19.3 | 25.3+20.6| 12.1+8.7 | 15.1+13.0| 52.2+4.0 52.5+7.4
NIHSS (T0) 6.8+3.2 6.6+3.3 7.9+2.9 7.813.0 3.7+1.8 3.5+1.6
NIHSS(T1) 4.8+3.4 5.3£3.7 5.9+3.3 6.4+3.7 1.7£1.2 2.2+1.6
ARAT(TO) 8.0+15.8 6.4+12.6 0.0£0.0 1.1+3.8 32.2+14.7 | 20.5+17.1
ARAT(T1) 14.8+23.7 | 17.5+23.1 1.5+3.8 6.0£12.9 54.5£2.8 | 48.0+£14.3
MAS(TO) 1.8£1.8 2.4+19 2.1+£2.0 2.6+2.1 0.8£1.0 2.0£1.9
MAS(T1) 2.0£1.2 2.3£15 2.2+41.2 2.7£1.5 1.2+1.2 1.3+0.8
MMT(TO) 7.316.8 8.316.7 3.9£3.8 5.1+4.6 17.2+2.8 16.8+2.6
MMT(T1) 10.1+7.2 11.5+8.6 6.7+4.2 7.7+6.7 20.3£3.5 21.5%£3.3
NRS(TO) 2.843.3 3.9+3.1 2.9+3.1 3.943.2 2.5+4.0 3.8+3.1
NRS(T1) 3.1+2.8 4.0+2.4 3.1+2.9 3.6%£2.6 3.2+2.6 4.8+1.7
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Figure 3. 4. Frequency distribution of patients of the two intervention groups (BCI, CTRL) expressed as function of the
motor impairment at baseline (FMA/60 at TO).

Table 3.3. #1 OOT UExT PEEOWEOEWEOPOPEEOWET EUEEUTI UPUUPEUW®OI EOQwpwUU
EOOUPEI UPOT wOT 1 wUI YI Ul wxEOUPI O0UUwPDOT wew, ¥t YWEOWEEUI ODO1I wAuwh
(N°), the averaged age (+ standard deviation), the dominant hand (Right/Left/ambidextrous), the sex (Male/Female), the

affected hemisphere (Right/Left), the FMA/66 (mean + standard deviation) before (TO) the training, the effectiveness

computed on the FMA/66 (mean * standard deviation), the months since stroke (mean + standard deviation) and the

averaged (+ standard deviation) control frequency used to control the Promotoer system in the BCI group.
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Table 3.4. Average clinical scales (+ standard error) across groups of patients (BCl, CTRL) considering the severe patients
PDOT w%w, ¥t YWEOWEEUI ODPOl wp3 YAWAwWhY S w%OUwi EET wi UOUxwbUwUl xOU0
scale (FMA, NIHSS, ARAT, MAS, MMT, NRS) before (T0) and after (T1) the treatment.

Severe
%, f1 YwAuw
BCI CTRL
N° 18 13
FMA(TO) 6.4+3.3 6.5£4.3
FMA(T1) 12.1+8.7 9.5+4.8
NIHSS (T0) 7.9+2.9 8.4+3.0
NIHSS(T1) 5.9+3.3 7.3#35
ARAT(TO) 0.00.0 0.0+0.0
ARAT(T1) 1.5+3.8 0.8+2.3
MAS(TO) 2.1+2.0 2.5+2.3
MAS(T1) 2.2+1.2 2.6+1.6
MMT(TO) 3.9+3.8 3.6+3.7
MMT(T1) 6.7£4.2 5.2+4.4
NRS(TO) 2.9+3.1 3.8£3.2
NRS(T1) 3.1+2.9 3.5+2.9
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Figure 3. 5. Radar plot of the averaged (+ standard error) subscales of the FMA/66 before (T0) and after the treatment
(T1) across all participants (N = 24/22) of the BCI group (left panel) and CTRL group (right panel). The Upper Extremity,
Wrist, Hand and Coordinati on/speed subitems are represented clockwise and the subtended area, obtained by
interpolating the averages, is highlighted.
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Figure 3. 6. Radar plot of the averaged (+ standard error) subscales of the FMA/66 before(TO) and after the treatment
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Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the subtended a rea,

obtained by interpolating the averages, is highlighted.
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Figure 3. 7. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)

between task (MI) and rest conditions at timepoints TO (baseline) and T1 (after the training) for the BCI (panels a, b) and

CTRL (panels c, d) group, for the task performed with the unaffected (panels a, c) and affected (panels b, d) hand. The

affected hemisphere is the right one for all participants. In each representation are reported the t values obtained from

the comparisons in all the frequencd WEE OE Uwopy Owg OwYOwd AwbOwli T wUOPUwi UOOwWUT T wo
obtained considering all participants of the BCI (N = 24) and CTRL (N = 22) groups.
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Figure 3. 8. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)

between task (M) and rest conditions at timepoints TO (baseline) and T1 (after the training) for the BCI (panels a, b) and

CTRL (panels c, d) group, for the task performed with the unaffected (panels a, c) and affected (panels b, d) hand. The

affected hemisphere is the right one for all participants. In each representation are reported the t values obtained from

the comparisons in all the frequency bands (4, g, Y, ¢) in the rows from the top to the bottom. The representation was
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panel a are depicted the power relative indices obtained for the Ml task performed with the affected hand (Ml -AH) and

in panel b the relative power indices obtained for the Ml task performed with the unaffected hand (Ml -UH). No statical

differences were detected at TO between groups p > 0.05) and the twoways mixed ANOVA on factors group (BClI,

CTRL) and timepoint (TO, T1), revealed a significant effect of the factor timepoint on r 1 ("O;, X8t bp = 0.013) in MFAH

andonry (D p & P =0.003and rY UOp v {p = 0.029 when the task is performed with the unaffected side

(MI-UH).
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Figure 3. 10. Average (+ Standard Error, SE) of the power ratios (PRI, DAR, TBR, TAR, TBAR) and the brain symmetry
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pink and blue lines respectively. In panel a are depicted the power relative indices obtained for the MI task performed

with the affected hand (MI -AH) and in panel b the relative power indices obtained for the MI task performed with the

unaffected hand (MI -UH). No statical differences were detected at TO between groups (p > 0.05) and the tweways mixed

ANOVA on factors group (BCI, CTRL) and timepoint (TO, T1), revealed a significant effect of the factor timepoint on

DAR ("O;  p B0 fp =0.003) in MFAH and on PRI ('C;  u8t &p = 0.033 and DAR (C;  p & &p = 0.003 when the

task is performed with the unaffected side (MI -UH).
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Table 3. 5. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices)

computed on Ml task performed with the affected hand at baseline (T0) and the FMA effectiveness between TO and T1,

obtained for both groups (BCI, CTRL). The first two columns refer to the correlations considering all partici pants of both
TUOUxUwpPT POT wlOT 1 wi 66006pDOT wOPOWEOOUPET UDOT wOOOa wlT T wUIT YI Ul w
are marked in bold, and the associated p-value is also reported.

All participants Severe FMA <=10
BCI (N=24) CTRL (N=22) BCI (N=18) CTRL (N=13)

ré 0,01 -0,07 0,01 -0,11
£
£

£ ro 0,03 -0,17 0,03 -0,09
£

B . . ) .

o ra 0,05 0,32 0,01 0,30
]
-1

rp 0,13 0,08 0,26 0,01

PRI -0,05 -0,15 -0,05 -0,23

2 DAR -0,07 -0,16 -0,04 -0,20
E

5 TBR -0,12 -0,04 -0,26 -0,09
g

R TAR 0,13 -0.42 0,00 0,46

TBAR -0,16 -0,11 -0,15 -0,25

£ Bs ‘ 3 > 3

< r -0,18 -0,03 -0.26 -0,03
E

& pdBSI -0,21 -0,09 -0.44 0,04

Table 3.6. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices, spectral

exponent) computed on CE resting state data at baseline (T0) and the FMA effectiveness between TO and T1, obtained

for both groups (BCI, CTRL). The first two columns refer to the correlations considering all participants of both groups

PT POl wOT T wi 66060PDOT WUPOWEOOUPET UPOT wOOOawUT T wUI YI Ul wxEUDI O
marked in bold, and the associated p-value is also reported.

. Severe FMA_60(T0)
All participants <=10
BCI CTRL BCI CTRL
(N=24) (N=22) (N=18) (N=13)

rd -0.13 -0.18 0.03 0.07
g

g rd -0.16 -0.09 0.25 -0.11
3

3 ro 0.19 0.38 0,03 0.13
o
&

rp 0,09 0,20 0.07 -0,10

PRI -0,21 -0.24 -0,02 -0,02

2 DAR -0.23 -0,33 -0,04 -0.15
k-]
E

5 TBR -0.09 0.25 -0.14 0.00
:
=]

= TAR -0.19 -0.35 -0.08 -0.15

TBAR -0.15 -0.13 -0.12 -0.02

%' rBSI -0.30 -0.27 -0.19 -0.08

E. pdBSI -0.31 -0,24 -0,20 -0.16

= i AH 0,11 0,09 0,09 -0.04

i
trz*';ﬂ UH 0.01 0.01 -0.07 0.02
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Table 3. 7. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices)

computed on OE resting state data at baseline (TO) and the FMA effectiveness between TO and T1, obtained for both

groups (BCI, CTRL). The first two column s refer to the correlations considering all participants of both groups while the

| 600O0PDPOT WOPOWEOOUPET UPOT wOOOawlT T wUI YT Ul wxEUDPTI OU0UwPDUOT w,
bold, and the associated pvalue is also reported.

. Severe FMA_60(T0)
All participants <=10
BCI CTRL BCI CTRL
(N=24) | (n=22) | (x=18) | (n¥=13)

ré -0,01 -0,17 0,05 -0,21

§ ré -0,05 -0.16 -0.01 -0.09
=

"_E roe 0,08 0,40 0,11 0.35
&

rp 0,11 -0,01 0,07 0,04

PRI -0,05 -0,22 0,08 -0,20

" DAR -0,07 -0,25 0,02 -0,20
£

g TBR -0,12 -0,03 -0.08 -0.19
g

= TAR -0,15 -0,40 0.03 -0.34

TBAR -0,10 -0,21 -0,02 -0.26

N R - -0,54 .

! 0,3 -0,1° -0.3¢

g rBSI 34 15 (p=0,020) 35

& | pdBSI -0.41 -0,04 (p::)’j]i3) 0,12
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Table 3.88 w#1 OOT UExT PEEOWEOEWEODPOPEEOWET EUEEU]I UPUUPEUW@OT EQwp w
EOOUPEI UPOT WEOOWXxEUUPEDXxEOUUWEOGEWUI YIi Ul wxEOUDPTI O0U0wPDUT ww, ¥t
(N°), the averaged age (+ stamlard deviation), the dominant hand (Righ/Left/ambidextrous), the sex (Male/Female), the

affected hemisphere (Right/Left), the FMA/66 (mean + standard deviation) at baseline (T0) and at the last timepoint (T4)

and the months since stroke (mean + standard deviation).
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Figure 3. 11. FMA/66 values at the different timepoints (TO, T1, T2, T3, T4) for all participants (upper panel) and severe
xEOUPI OOUwWPDOT w%, ¥t Y@3YAwAwhyYwpOObi UwxEOTI OAwDOwUT represeht( wepUi E
the average across patients of each group (BCI/CTRL): 15/13 patients in all participants and 12/6 in severe patients.
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Figure 3. 12. ARAT values at the different timepoints (TO, T1, T2, T3, T4) for all participants (upper panel) and severe
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across patients of each group (BCI/CTRL): 15/13 patients in all participants and 12/6 in severe patients.
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Figure 3. 13. Radar plot of the averaged (+ standard error) subscales of the FMA/66 across all participants (15/13,
BCI/CTRL) at all timepoints (TO, T1, T2, T3, T4) of the BCI group (panel a) and CTRL group (panel c). In panels b and d,
the radar plots are reported only for the baseline and T4 assessment for the BCl and CTRL groups, respectively. The
Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the subtended area,
obtained by interpolating the averages, is highlighted.
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Figure 3. 14. Radar plot of the averaged (+ standard error) subscales of the FMA/66 across severe patients with
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¢). In panels b and d, the radar plots are reported only for the baseline and T4 assessment for the BCl and CTRL groups,

respectively. The Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the

subtended area, obtained by interpolating the averages, is highlighted.
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Figure 3. 15. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)

between task (MI) and rest conditions at all timepoints (TO, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel)

group, for the task performed with the unaffected hand. The affected hemisphere is the right one for all participants. In
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the rows from the top to the bot tom. The representation was obtained considering all participants of the BCI (N = 15)

and CTRL (N = 13) groups.
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Figure 3. 16. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)

between task (MI) and rest conditions at all timepoints (TO, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel)

group, for the task performed with the affected hand. The affected hemisphere is the right one for all participants. In
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the rows from the top to the botto m. The representation was obtained considering all participants of the BCI (N = 15)

and CTRL (N = 13) groups.
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Figure 3. 17. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)
between task (MI) and rest conditions at all timepoints (TO, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel)

group, for the task performed with the unaffected hand. The affected hemisphere is the right one for all participants. In
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the rows from the top to the bot U OO8 w3 T 1 wUi xUl Ui OUEUPOOWPEUVUWOEUEDOI EWEOOUDPEIT U
of the BCI (N = 12) and CTRL (N = 6) groups.
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Figure 3. 18. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t-test, alpha = 0.05)

between task (MI) and rest conditions at all timepoints (TO, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel)

group, for the task performed with the affected hand. The affected hemisphere is the right one for all participants. In

1 EET wUI xU1 Ul OUEUDPOOWEUT wUl xOUUI Ew0T 1 wOwYEOUI UwWOEUEDPOI Ewi UOO
the rows from the top to the botto 08 w3 T 1 wUIT x Ul U1 OUEUPOOWPEUWOEUEDOI EWEOOUDPET UD
of the BCI (N = 12) and CTRL (N = 6) groups.
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timepoints (TO, T1, T2, T3, T4). In parel a are depicted the power relative indices obtained for the MI task performed

with the affected hand (MI -AH) and in panel b the relative power indices obtained for the MI task performed with the

unaffected hand (MI-UH). No statical differenc es were detected both at TO and at T4 between groups (p > 0.05). The-2

tails paired t-test within groups between TO and T4 reveal no significative differences on any group.

Figure 3. 20. Average (+ Standard Error, SE) of the power ratios (PRI, DAR, TBR, TAR, TBAR) and the brain symmetry
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pink and blue lines respectively, at all timepoints (TO, T1, T2, T3, T4). In panel a are depicted the power relative indices

obtained for the MI task performed with the affected hand (Ml -AH) and in panel b the relative power indices obtained

for the Ml task performed with the unaffected hand ( MI-UH). No statical differences were detected both at TO and at T4

between groups (p > 0.05). The 2ails paired t-test within groups between TO and T4 reveal in the BCI group a significant

difference on pdBSlI (p = 0.023) for both the MFUH.





































































































































































