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Effects of priming intermittent theta burst stimulation combined with lower—limb exoskeleton robot train-
ing on lower limb motor function and brain function after stroke: a multimodal assessment study using
fNIRS and three—dimensional gait analysis’ZHANG Xiaofeng, HUANG Pu, ZHANG Jing, et al.//Chinese
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Abstract

Objective: To elucidate the therapeutic effects and neural mechanisms of a neuromodulatory priming strategy
using intermittent theta burst stimulation (iTBS) combined with lower-limb exoskeleton robot training on func-
tional recovery in stroke patients.

Method: Eighty post-stroke patients with lower limb motor dysfunction were randomized into four groups (n=
20 in each): conventional rehabilitation(CR), iTBS, lower limb robot(LLR), and iTBS+LLR. All groups re-
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ceived conventional rehabilitation therapy. In addition, the iTBS and LLR groups received their respective inter-
ventions, while the combined group received both iTBS and robotic training. Outcome measures, including the
Fugl-Meyer Assessment for Lower Extremity (FMA-LE), Modified Barthel Index (MBI), Berg Balance Scale
(BBS), 3D gait analysis, and fNIRS, were assessed before and after treatment.

Result: There were no significant differences in baseline characteristics or outcome measures among the four
groups (P>0.05). Compared to baseline, all four groups exhibited statistically significant improvements in
FMA-LE, MBI, and BBS scores following the intervention (P<0.001). The iTBS+LLR group demonstrated su-
perior outcomes in FMA-LE, MBI, and BBS scores compared to other groups (P<0.05). Gait analysis indicat-
ed that all groups showed significant improvements in various gait parameters after treatment compared to pre-
treatment values (P<0.05). The iTBS+LLR group displayed more pronounced enhancements in temporal, spa-
tial, and kinematic gait metrics than other groups (P<0.05). At the neurophysiological level, functional connec-
tivity (FC) within and between regions of interest (ROIs) significantly increased in all groups after treatment
(P<0.05). The iTBS+LLR group showed greater FC augmentation compared to other groups (P<0.05). The iT-
BS+LLR group demonstrated broadened activation involving left and right primary motor cortex (LMI1/RMI1),
left and right supplementary motor area (LSMA/RSMA), left and right prefrontal cortex (LPFC/RPFC), and
left occipital lobe (LOL) (P<0.01). Intergroup comparisons confirmed that activation in LM1, LSMA, RS-
MA, LPFC, and LOL was significantly stronger in the combined group than in the other groups (P<0.05).
Conclusion: Priming iTBS combined with a lower limb exoskeleton robot results in greater improvements in
motor function and gait in stroke patients than either intervention alone. These benefits may be associated with
enhanced motor cortical excitability, strengthened functional connectivity, and facilitation of synergistic neuro-
plasticity within gait-control networks.
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HIT IR 0.60+0.25 0.74+0.35 0.760.26 0.87+0.39 2.303 0.084
il - 1.093 - 2.486 -1.352 -3213
P1H 0.289 0.023 0.221 0.006
LM1~LM1
JRITRT 0.68+0.26 0.80£0.29 0.80+0.26 0.83+0.37 0.909 0.588
NEtid e 0.93+0.29 1.27+0.36% 1.16+0.33 1.59+0.25°% 14.558 1.329
tH -2.565 -4.283 - 4.595 -7.003
PiA 0.078 0.003 0.002 <0.001
RM1~RM1
JRITRT 0.69+0.21 0.83+0.36 0.78+0.28 0.85+0.25 1.400 0.559
IR 1.00+0.40 1.29+0.40 1.2240.43 1.39+0.42" 3.000 0.061
t{a - 3.489 -3.575 - 4.257 - 4.739
P 0.021 0.004 0.002 <0.001
LSMA~LSMA
JRITHT 0.65+0.34 0.80+0.27 0.76+0.30 0.87+0.36 1.519 0.559
RIT IR 0.89+0.29 1.33+0.48 1.18+0.45 1.52+0.43% 7.658 0.001
HH -2.230 - 3.895 -3.426 -5.348
P 0.084 0.003 0.008 <0.001
RSMA~RSMA
VRITRI 0.68+0.30 0.82+0.38 0.86+0.29 0.76+0.23 1.129 0.559
BT A 0.90+0.31 1.23+0.457 1.15+0.34 1.36+0.38% 5.136 0.007
ZiE -2.192 -3.444 -2.836 - 6.432
P 0.084 0.004 0.022 <0.001
LOL~LOL
JRITRT 0.754+0.44 0.68+0.33 0.85+0.37 0.81+0.54 0.543 0.707
MEt g 0.98+0.46 1.12+0.49 1.04+0.49 1.38+0.55 2.433 0.082
HH - 1.455 -2.981 - 1.464 -3.122
PiA 0.217 0.011 0.214 0.006
ROL~ROL
JRITRT 0.69+0.43 0.73+0.34 0.78+0.39 0.83+0.49 0.465 0.707
RIT IR 0.95+0.44 1.12+0.49 1.07+0.46 1.35+0.45" 2.554 0.082
HH - 1.746 - 2.488 -2.349 -3.234
P 0.157 0.023 0.049 0.006
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