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This research project aims at construction of tele-rehabilitation system for analysis,
following up, and rehabilitation of the remote patients. Specifically, vestibular rehabilitation
technique was integrated into the tele-rehabilitation system with web application. The system
was tested in the patients with subacute posterior-circulation stroke with vertigo. These
patients have symptoms of limb weakness, impaired balance, and vertigo. These symptoms
result in delayed rehabilitation and difficulty in early restoring of pre-morbid ambulatory
ability. We investigated the effects of vestibular rehabilitation on patients with subacute
posterior-circulation stroke with vertigo, on recovery of the patients. Two patients were treated
at the hospital and the other two patients were treated by tele-rehabilitation. Both groups
received physical therapy (vestibular rehabilitation) assigned as a daily 3 0-minute session, 3
sessions per week, for 4 weeks (total 12 sessions). Clinical outcomes are dizziness handicap
inventory, timed up and go test, 10-meter walk test and dynamic gait index. We also
investicated the correlation between changes in the clinical outcomes and the
electroencephalography (EEG), with special attention to the bilateral frontal cortex, motor
cortex, and parietal cortex, during the timed up and go test. After completed all the physical
therapy sessions, the results showed that there are 1) decrease in dizziness handicap inventory
in hospital-based therapy group (mean difference = 26, SD = 11.31) and tele-rehabilitation
group (mean difference = 39, SD = 9.90); 2) decrease in duration (seconds) of timed up and
go test (in the case of turning back on the same side of the weak leg) in hospital-based therapy
group (mean difference = 4.47, SD = 3.60) and tele-rehabilitation group (mean difference =
49.25, SD = 70.30) and decrease in duration (seconds) of timed up and go test (in the case of
turning back on the same side of the normal leg) in hospital-based therapy group (mean
difference = 3.32,SD = 0.06) and tele-rehabilitation group (mean difference = 52.64, SD =
73.27). After one-month follow-up there were still decrease in duration (seconds) of timed up
and go test (in the case of turning back on the same side of the weak leg) in hospital-based
therapy group (mean difference = 5.03, SD = 4.21) and tele-rehabilitation group (mean

difference = 51.95, SD = 70.25) and decrease in duration (seconds) of timed up and go test (in
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the case of turning back on the same side of the normal leg) in hospital-based therapy group
(mean difference = 4.93, SD = 1.00) and tele-rehabilitation group (mean difference = 53.51,
SD = 71.10); 3) increase in dynamic gait index in hospital-based therapy group (mean difference
= 4.00, SD = 2.83) and tele-rehabilitation group (mean difference = 7.50, SD = 3.54); 4) increase
in walking velocity during 10-meter walk test in hospital-based therapy group (mean difference
=0.11,SD=0.21) and tele-rehabilitation group (mean difference = 0.04,SD =0.01); 5)
decrease in walking time during 10-meter walk test in hospital-based therapy group (mean
difference = 0.75, SD = 1.77) and tele-rehabilitation group (mean difference = 24.75, SD =
34.29); 6) increase in cadence (steps per minute) during 10-meter walk test in hospital-based
therapy group (mean difference = 2.50, SD = 16.26) and tele-rehabilitation group (mean
difference = 6.50, SD = 9.19); and 7) decrease in number of steps during 10-meter walk test
in hospital-based therapy group (mean difference = 1.25, SD = 0.35) and tele-rehabilitation
group (mean difference = 8.50, SD = 14.85). The Pearson’s correlation test showed some
correlations between improved clinical outcomes with changes in EEG power (alpha, beta and
theta frequency range) in frontal cortex (F3, F4), motor cortex (C3, C4) and parietal cortex (P3,
P4) nrecorded during the timed up and go test: 1) correlations between decrease in dizziness
handicap score and EEG during sit-to-stand action, which showed increased theta power in
ipsilateral parietal cortex (p = 0.028), and with EEG during stand-to-sit action, which showed
increased theta power in contralateral frontal cortex (p = 0.021) and increased beta power in
contralateral frontal cortex (p = 0.021); 2) correlations between increase in walking velocity
during 10-meter walk test and EEG during turning back on the same side of the weak leg,
which showed increased alpha power in contralateral motor cortex (p = 0.004), and EEG during
turning back on the same side of the normal leg, which showed increased alpha power in
ipsilateral motor cortex (p = 0.008) , increased theta power in contralateral motor cortex (p =
0.032), and increased theta power in contralateral parietal cortex (p = 0.045), and EEG during
stand-to-sit action, which showed increased alpha power (p = 0.018) and increased theta
power (p = 0.047) in ipsilateral motor cortex; 3) correlations between increase in cadences
during 10-meter walk test and EEG during sit-to-stand action, which showed increased theta

power in ipsilateral motor cortex (p = 0.032) and parietal cortex (p = 0.009), and EEG during



Uy

turning back on the same side of the normal leg, which showed increased alpha power (p =
0.024) and theta power (p = 0.019) in ipsilateral parietal cortex, and with EEG during stand-to-
sit action (after turning back on same side of weak leg) , which showed increased alpha power
in contralateral parietal cortex (p = 0.032) and with EEG during stand-to-sit action (after turning
back on the same side of the normal leg) , which showed increased theta power in ipsilateral
parietal cortex (p = 0.012); 4) correlations between number of steps during 10-meter walk test
and EEG during sit-to-stand action, which was alpha power in contralateral frontal cortex (p =
0.022) and beta power in contralateral frontal cortex (p = 0.020); 5) correlations between
walking time duration during 10-meter walk test and EEG during sit-to-stand action, which was
alpha power in contralateral frontal cortex (p = 0.020) and beta power in contralateral motor
cortex (p = 0.001); 6) correlations between decreased walking time during timed up and go
test (turning back on the same side of the weak leg) and EEG during sit-to-stand action, which
was alpha power in bilateral frontal cortex (p = 0.036 for contralateral frontal cortex; and p =
0.048 for ipsilateral frontal cortex) and beta power in contralateral motor cortex (p = 0.006);
and 7) correlations between decreased walking time during timed up and go test (turning back
on the same side of the normal leg) and EEG during sit-to-stand action, which was alpha power
in contralateral frontal cortex (p = 0.027) and beta power in contralateral motor cortex (p =
0.002). We developed the web application-based telerehabilitation system and assessed in
feasibility study, which shows adequate safety, patient compliance, patient acceptance and
efficacy. In conclusion, vestibular rehabilitation can be integrated into tele-rehabilitation
system with web application, with improved clinical outcome regarding walking ability and
dizziness. There are correlations between the measured clinical outcomes and EEG, which can

be useful for following up and planning for rehabilitation in the stroke patients.





