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Augmented Reality for Stroke Rehabilitation
During COVID-19
Zhen-Qun Yang1, Dan Du1,2, Xiao-Yong Wei2 and Raymond Kai-Yu Tong1*

Abstract

Background: The lack of the rehabilitation professionals is a global issue and it is becoming more serious
during COVID-19. An Augmented Reality Rehabilitation System (AR Rehab) was developed for virtual training
delivery. The virtual training was integrated into the participants’ usual care to reduce the human trainers’
effort so that the manpower scarcity can be eased. This also resulted in the reduction of the contact rate in
pandemics.

Objective: To investigate the feasibility of the AR Rehab-based virtual training when integrated into the usual
care in a real-world pandemic setting.

Methods: Chronic stroke participants were randomly assigned to either a centre-based group (AR-Centre) or a
home-based group (AR-Home) for a trial consisting of 20 sessions delivered in a human-machine integrated
intervention. The trial of the AR-Centre was human training intensive with 3/4 of each session delivered by
human trainers (PTs/OTs/Assistants) and 1/4 delivered by the virtual trainer (AR Rehab). The trial of the
AR-Home was virtual training intensive with 1/4 and 3/4 of each session delivered by human and virtual
trainers, respectively. Functional assessments including Fugl-Meyer Assessment for Upper Extremity (FMA-UE)
and Lower Extremity (FMA-LE), Functional Ambulation Category (FAC), Berg Balance Scale (BBS), Barthel
Index (BI) of Activities of Daily Living (ADL), and Physical Component Summary (SF-12v2 PCS) and Mental
Component Summary (SF-12v2 MCS) of the 12-Item Short Form Health Survey (SF-12v2), were conducted
before and after the intervention. User experience (UX) using questionnaires were collected after the
intervention.

Results: There were 129 patients from 10 rehabilitation centres enrolled in the integrated program with 39 of
them were selected for investigation. Significant functional improvement in FMA-UE (AR-Centre: p = 0.0022,
AR-Home: p = 0.0043), FMA-LE (AR-Centre: p = 0.0007, AR-Home: p = 0.0052), SF-12v2 PCS (AR-Centre:
p = 0.027, AR-Home: p = 0.036) were observed in both groups. Significant improvement in balance ability
(BBS: p = 0.0438), and mental components (SF-12v2 MCS: p = 0.017) were found in AR-Centre group,
while activities of daily living (BI: p = 0.0007) was found in AR-Home group. Contact rate was reduced by
30.75%− 72.30% within AR-All, 0.00%− 60.00% within AR-Centre, and 75.00%− 90.00% within AR-Home.

Conclusion: The human-machine integrated mode was effective and efficient to reduce the human
rehabilitation professionals’ effort while fulfilling the training goals. It eased the scarcity of manpower and
reduced the contact rate during the pandemics.

Keywords: Stroke rehabilitation; Augmented reality (AR); COVID-19; Human-Machine integrated training

Background
Stroke is the second commonest cause of death and
one of the leading causes of disability [1–3]. Re-
searches show that most of these deaths can be pre-
vented through early interventions with rehabilitation
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training programs [4]. However, this requires inten-
sive participation of physiotherapists (PTs), occupa-
tional therapists (OTs), and rehabilitation assistants,
which are the scarce resources in most of the coun-
tries/regions [4–6]. In Hong Kong, patients are fac-
ing the similar scarcity, indicated by the statistics of
Strategic Review on Healthcare Manpower Planning
and Professional Development of Hong Kong in 2017
[7] in which the manpower gap of PTs (OTs) is 17%
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Figure 1 AR rehabilitation studies/systems in recent 10 years. Aberrations: Lab = Laboratory, H = Home, ADL = Activity of Daily
Living, HMD = Head-mounted display, EMG = Electromyography, FES = Functional electric stimulation

(6.6%) in 2016 and will gradually increase to 26.8%
(11.2%) by 2030 because of the large ageing popula-
tion (1.40 million or 18.3% of the total population of
age 75 or above is predicted). However, the situation
is becoming even worse since 2020 as a consequence
of the COVID-19. Rehabilitation centres limited their
service to reduce the contact rate so as to reduce the
risk of infections of this most vulnerable group of pop-
ulations. In a period from February 2020 to February
in 2021, many rehabilitation centers were suspended
because of the first to fourth waves of pandemic [8,9].
Many patients have missed their golden period of the
rehabilitation. The traditional and manpower inten-
sive rehabilitation mode is challenged by both the
scarcity of human resources and the strict regulations
for contact rate reduction. The emerging technology
of Virtual Reality (VR) or Augmented Reality (AR),

which has been validated as a promising way to assist
the rehabilitation training in previous studies [10–41],
has a great potential to save the efforts of rehabilita-
tion professionals so as to ease the scarcity issue. The
study of VR/AR stroke rehabilitation can date back
to 2004, when Jaffe et al. built a VR training envi-
ronment with a motorised treadmill, a head-mounted
display (HMD), and shoes with switches on the bot-
tom for training the patients to step over the vir-
tual obstacles. The experimental results provided ev-
idence with enhanced clinical performance [41]. Later
on, many systems have been developed and reported
with encouraging results for stroke recovery. The most
recent work include the AR-augmented wheelchairs
by Daniel et al. in 2020 [40], the Kinect-based train-
ing by Adyasha et al. [37] and Aušra et al. [38] in
2019. In Figure 1, we have summarized the repre-
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sentative AR stroke rehabilitation studies/systems in
recent 10 years. We can see that a diverse range of
studies/systems have been conducted/built. Some are
for the upper extremity including those for arms [10,
12, 13, 16, 17, 20, 21, 23, 25, 27, 30, 37–39], hands/fingers
[10, 11, 14, 17, 20, 23, 25–28, 30–33, 38], and shoulders
[10–14, 16, 20–23, 27, 29, 30, 35, 38, 39], while the others
are on the lower extremity including those for ankles
[18,19,36], gait [15,19,24,36], balance [15,19,23,24,36],
and postural [19,23,24]. However, most of these stud-
ies are conducted in laboratory setting and thus are
less feasible in real clinical scenarios[1].
First of all, those studies focus on the specific aspects

of the recovery for research purpose (e.g., 24 of them
are for upper extremity, 8 for muscle strength, and 4
for gait), while in a real clinical setting, the training
needs to be designed as practical programs which are
comprehensive enough to cover not only as many parts
as necessary, but also the whole-body coordination and
the quality of life. Furthermore, those systems may re-
quire complicated ad-hoc environmental setup which
are not practical in rehabilitation centres or hospitals.
For example, a precise camera calibration has to be
done prior to the mirror training [10–12,14–17]. Some
systems require the patients to wear the HMD during
training [15,18,19,24,25] which is with limited accept-
ability to patients, not to mention that most of the
post-stroke patients are with balance impairments and
it is dangerous for them to wear HMD during train-
ing. Moreover, none of previous studies has provided a
quantitative analysis on how the AR systems can help
to reduce the rehabilitation manpower while fulfilling
the training goals, which is critical to rehabilitation
centres and hospitals. It is especially important dur-
ing COVID-19 pandemics.
The purpose of this study is to investigate the feasi-

bility of the AR rehabilitation system in a real-world
setting, in which it is used as a part of an integrated
training program of the usual care. The setting of
the integrated mode rather than applying AR train-
ing alone (like in most of the previous studies) is due
to a conclusion made by Kate et al. [42]. Based on the
survey including 72 trials of 2470 participants, Kate
et al. concluded that the AR/VR for stroke rehabilita-
tion, when was used alone, was not more beneficial
than conventional therapy approaches in improving
upper limb functions, but it could make a statistical

[1]Although there are several studies [10, 13, 15, 18, 30,
32, 38] are under hospital/centre setting, they were
designed for research rather than daily rehabilitation
programs. In [13], the experiment was conducted un-
der home setting, but the study was conducted with
only 2 users.

difference when used as an adjunct to usual care [32].
Our study follows this thread. Furthermore, the study
has been conducted under the emergency situations of
COVID-19 in Hong Kong when the demand for reduc-
ing the manpower and contact rate reached the pan-
demic level. The following questions were addressed:
a) can the integrated program fulfil the training goals
when a considerable part of the training (25% to 75%)
has been replaced with AR guided training? b) how
much and what types of manpower can be saved while
maintaining the efficacy of training with the assistance
of the AR rehabilitation? c) how can the contact rate
be reduced with the AR training? d) how do thera-
pists/patients experience the AR training?

Methods
The study was an assessor-blind, randomized con-
trolled trial and was approved by the Joint Chinese
University of Hong Kong - New Territories East Clus-
ter Clinical Research Ethics Committee. Participants
were recruited through 10 local public rehabilitation
centers, which are distributed over 8 different districts
of Hong Kong. Written informed consents were ob-
tained from participants prior to the enrollment.

Participants
Chronic stroke survivors were selected with inclusion
criteria: 1) age between 18 to 90 years who are diag-
nosed with ischemic brain injury, intracerebral haem-
orrhage shown by magnetic resonance imaging, or com-
puted tomography after the onset of stroke; 2) with
motor impairment in upper-limb, lower-limb, and/or
balance; 3) have no or mild spasticity on the lower-
limb or upper-limb assessed by Modified Ashworth
Scale (MAS ≤ 2); and 4) have sufficient cognition
to follow the instructions provided by the therapists
and the computer. The exclusion criteria included: 1)
any additional medical or psychological condition that
would affect their ability to comply with the study
protocol, e.g., a significant orthopaedic or chronic pain
condition, major post-stroke depression, epilepsy, ar-
tificial cardiac pacemaker/joint; 2) have severe shoul-
der/arm or hip/knee contracture/pain and; 3) Preg-
nant women. Potential participants were referred by
their doctors or therapists, and screened at the near-
est centers. A brief tutorial of using the AR training
system was given, and then the participants were re-
quired to use the system as a test to see if they can
follow the instructions and complete the exercises in-
dependently. Participants who failed in the test were
excluded.

Randomization and Blinding
Randomization of group allocation occurred before the
baseline assessment at center level, in the way that
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Figure 2 The AR Rehabilitation System for Virtual Training: a) System architecture and training scene; b) Training in progress; c)
Training plan customization; d) Body tracking joints and the Kinect sensor; e) Real-time report; f) Training statistics

participants who met the eligibility were first assigned
to the nearest center, and then randomly allocated
to the AR-Centre or AR-Home group. The assign-
ment of center was due to the consideration of their
limited mobility and the government’s regulations for
prevention and control of disease during COVID-19.
The recruiters, assessors, therapists, and patients were
blinded to the objective of the study. Baseline assess-
ments were conducted after the assignments.

Intervention
Each participant received a standard trial consisting

of 20 training sessions (2–5 sessions per week, 90–120
minutes per session) in consecutive 4–10 weeks. The
training was designed as much comprehensive as pos-
sible to cover the upper-limb and lower-limb motor
functions, balance ability, or/and coordination. Each
exercise was with a set of parameters that can be tai-
lored to the individuals dynamically according to the
participant’s performance. The training was delivered
in an integrated manner of a human PT/OT trainer
(called human trainer hereafter) and a AR rehabili-
tation system (called virtual trainer hereafter). The
two groups of AR-Centre and AR-Home were designed
with different configurations of trainers to study the
best way to integrate the AR training into usual care.
AR-Centre group: The training was conducted at

the rehabilitation centers following the same procedure
as their regular usual care, with 3/4 of each session de-
livered by a human trainer and the rest of 1/4 delivered
by a virtual trainer.

AR-Home group: The training was conducted
mainly at home (3/4 of each session) and delivered by
the virtual trainers. However, at the beginning of each
session, there was a short (half an hour or 1/4 time of a
regular usual care session) in-center/at-home training
delivered by human trainers to make the participants
familiar with the subjects and procedures. To this end,
upon the recruitment, a human trainer was randomly
assigned to a participant for tailoring her training plan
according to the baseline assessment. While the par-
ticipant was taking the training at home, the human
trainer could monitor the training process remotely.
Reports of the training were sent to the human trainer
on a weekly basis. The human trainer could adjust the
training plan based on the participant’s performance.

The AR Rehabilitation System for Virtual Training
As shown in Figure 2, the AR rehabilitation sys-
tem consists of a Microsoft Kinect V2 RGB-D cam-
era for sensing the body movements of the patients,
a TV/Monitor for displaying instructions and giving
real-time assessments, and an AR rehabilitation soft-
ware platform which has been implemented with the
latest arts of AR and AI technology for delivering the
training. The system is installed on a portable TV
frame (NB MOUNT AVA 1500-60-IP) and is capa-
ble of communicating with our rehabilitation sever for
synchronizing the latest training materials (videos, ex-
ercises, schedules, and training reports).
The system is able to deliver the exercises following

the same procedure as in the usual care. The exercises
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Figure 3 CONSORT diagram of this study

performed by therapists are prerecorded. Every exer-
cise starts by a brief voice introduction followed by
a video demonstration with detailed steps. The par-
ticipant will then follow the steps to do the exercise.
Her body movements will be sensed into 3D skeletons,
on the basis of which parameters such as the centre
of Mass-COM, body parts, joint angles, reaching dis-
tances, speed and directions of the motions, and trajec-
tory are evaluated. At the end of exercise, immediate
feedback will be given as a report with the performance
details and compared with her early performance. In
addition, the participant can review her performance
through the skeleton videos recorded during the exer-
cise to locate the exact steps which she needs to pay
more attention for further improvement. The perfor-
mance details with the skeleton videos are synchro-
nized to the cloud so that the human trainer could
review her performance and adjust her training plan
accordingly.

Outcome Measures
Participants received the pre-assessment within two
weeks before the first training, and the post-assessment

within two weeks after the last training. Assessments
were conducted at centers for the AR-Centre group
and at homes for the AR-Home group.

Primary Outcome Measures

The primary outcome measures focused on the motor
function, balance, and functional ambulatory, which
include 1) Fugl-Meyer Assessment with Upper Ex-
tremity and Lower Extremity (FMA-UE and FMA-
LE); 2) Berg Balance Scale (BBS); 3) Functional Am-
bulation Category (FAC).

Secondary Outcome Measures

The secondary outcome measures included the assess-
ments of 1) Quality of life (QOL), and physical and
mental health using the 12-Item Short Form Health
Survey (SF-12v2); 2) User experience (UX) using ques-
tionnaires (designed based on UEQ-S); and 3) Activi-
ties of Daily Living (ADL) using Barthel Index (BI).
In addition, the proportions of the number of partic-

ipants with improved performance over the total num-
ber of participants were used as a supplementary mea-
sure for the efficacy of the training. To evaluate the
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Table 1 Demographic and clinical characteristics of participant groups

AR-All AR-Centre AR-Home
Variables (n = 39) (n = 23) (n = 16) p Value
Age (yrs)† 63.54 ± 12.23 62.79 ± 13.79 64.61 ± 9.90 0.654
Gender (male/female) 21/18 10/13 11/5 0.125
Affected Side (left/right) 10/29 7/16 3/13 0.424
Stroke Type (isch./hemo.) 26/13 15/8 11/5 0.824
Time from Stroke Onset (yrs)† 3.51 ± 2.67 3.41 ± 2.72 3.67 ± 2.67 0.764
FMA-UE (max. 66)† 38.85 ± 19.98 40.09 ± 19.69 37.06 ± 20.91 0.648
FMA-LE (max. 34)† 18.64 ± 8.26 19.47 ± 8.18 17.44 ± 8.50 0.455
BBS (max. 56)† 40.90 ± 11.87 41.35 ± 13.05 40.25 ± 10.32 0.781
FAC (max. 6)† 4.54 ± 1.17 4.65 ± 1.19 4.38 ± 1.15 0.473
BI (max. 20)† 16.31 ± 2.73 N/A 16.31 ± 2.73 N/A
SF-12v2 PCS (max. 100)† 32.28 ± 12.25 32.75 ± 14.09 31.61 ± 9.39 0.779
SF-12v2 MCS (max. 100)† 40.60 ± 17.25 37.07 ± 19.29 45.68 ±12.68 0.127
Abbreviations: AR = Augmented Reality; AR-All = AR-Centre and AR-Home; AR-Centre = Rehabilitation with AR Rehab in centre;
AR-Home = Telerehabilitation with AR Rehab at home; FMA = Fugl-Meyer Assessment; FMA-UE = FMA for Upper-Extremity; FMA-LE
= FMA for Lower-Extremity; BBS = Berg Balance Scale; FAC = Functional Ambulation Category; BI = Barthel Index of Activities of
Daily Living; SF-12v2 = The 12-Item Short Form Health Survey (PCS = Physical Component Summary and MCS = Mental Component
Summary)
†Date are presented as mean ± SD
* p <0.05; ** p <0.01

human effort required to deliver the training, the time
of human training, the time of virtual training, the ra-
tio of human training over the total training time, the
number of human trainers required for each partici-
pant were calculated. The in-centre contact rate was
calculated based on the numbers of PTs, OTs, train-
ing assistants, supporting staff, teammates the partic-
ipant encountered at the centre. The numbers varied
from centres and individuals. We used the numbers
estimated by the PTs/OTs/Assistants and calculated
the average across centres.

Results
Participants were recruited from 10 centers across 8
districts of Hong Kong between September 2019 and
August 2021. A total of 936 patients were screened,
resulting in 129 from 10 centers. Eligible participants
were randomly allocated to AR-Centre (n = 89) and
AR-Home (n = 40) groups. The numbers of partici-
pants in the two groups were not balanced because of
the availability of hardware (in the AR-Centre group, a
set of AR rehabilitation system can be shared among
multiple participants, while in the AR-Home group,
each participant needs a set of system at home). Fur-
thermore, our capacity for home system deployment
has also been limited by both government’s regula-
tion for disease control during the pandemic and the
stock-out of the core hardware (Kinect sensors and TV
monitors). Meanwhile, 74 patients dropped out includ-
ing 6 with incomplete baseline (pre-) assessments, 38
failed to complete all 20 sessions because they were
under the quarantine or were not able to return af-
ter leaving for abroad, and 30 due to the limited ser-
vice availability of the corresponding centres during
the pandemic. This resulted in 55 participants who

completed all 20 sessions. However, we excluded 16 of
them from the analysis including 6 with incomplete
assessments/questionnaires, 6 who have only partici-
pated the upper limb training (instead of the compre-
hensive training of upper and lower limb, and balance),
and 4 of missing data. Therefore, the final number of
participants included in the analysis is 39 (AR-Centre:
n = 23, AR-Home: n = 16). The CONSORT diagram
is shown in Figure 3, and the demographic data of the
participants is shown in Table 1. No significant differ-
ence was found from the two groups.

Primary outcomes
The primary outcomes were shown as the first blocks
in Table 2 and Table 3. In Table 2, we presented the
changes of all the participants without grouping to
investigate the efficacy of the integrated intervention
schemes. Significant difference of the post-assessment
from the pre-assessment (baseline) were observed on
both upper and lower extremity in FMA-UE (3.64 ±

4.69, p = 0.00002) and FMA-LE (3.92 ± 4.84, p =
0.00001), and on the balance in BBS (2.23 ± 5.70,
p = 0.019). However, there was no significant differ-
ence on the functional ambulation in FAC (0.22±0.92,
p = 0.149).
In Table 3, we presented the changes with compar-

isons between the AR-Home and AR-Centre groups.
Significant differences from the baseline were observed
on both groups, including the FMA-UE (3.57 ± 4.93,
p = 0.0022 for AR-Centre, 3.75 ± 4.46, p = 0.0043
for AR-Home), FMA-LE (4.52 ± 5.48, p = 0.0007 for
AR-Centre, 3.06 ± 3.75, p = 0.0052 for AR-Home).
The improvement on balance was inconsistent on two
groups with significant difference in BBS observed on
AR-Centre (1.87 ± 5.42, p = 0.0438), but insignifi-
cant on AR-Home (2.75 ± 6.21, p = 0.097). Neither
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group was observed with significant difference on walk
ability in FAC (0.13 ± 0.87, p = 0.48 for AR-Centre,
0.34 ± 1.01, p = 0.194 for AR-Home). Comparing be-
tween the two groups, there was no significant differ-
ence on these parameters.

Secondary outcomes
The secondary outcomes were shown as the second
blocks in Table 2 and Table 3. In Table 2, significant
improvement was observed on all secondary parame-
ters when considering all participants as a whole, with
BI (1.25±1.18, p = 0.0007), SF-12v2 PCS (4.82±9.11,
p = 0.002), and SF-12v2 MCS (4.94 ± 13.05, p =
0.023).
In Table 3, the BI was missing from the AR-Centre

while was observed with significant difference on the
AR-Home group (1.25± 1.18, p = 0.0007). Consistent
improvement was observed on two groups in SF-12v2
PCS (4.83±9.79, p = 0.027 for AR-Centre, 4.81±8.35,
p = 0.036 for AR-Home). The observation in SF-12v2
MCS was also inconsistent which is significant on AR-
Centre (8.01 ± 14.87, p = 0.017) and insignificant on
AR-Home (0.53 ± 8.47, p = 0.807). Comparing be-
tween two groups, there was no significant difference
observed on the secondary outcomes, which is consis-
tent with the primary outcomes.
The training effort and contact rate were presented

in Table 4. By integrating AR virtual training, the trial
could save the human effort from the regular usual care
by 33.19% when considering all participants as a whole
(AR-All), by 19.05% within the AR-Centre group, and
by 57.78% within the AR-Home group. The in-centre
contact rate could be reduced by 30.75%−72.30% (2.46
- 7.23 persons) within AR-All, 0.00% − 60.00% (0 - 6
persons) within AR-Centre, and 75.00%− 90.00% (6 -
9 persons) within AR-Home.

Discussion
The results give clear evidence that the trial integrated
with the AR training is feasible in a real-world setting
to fulfil the training goals. In terms of the intervention,
significant improvement on the upper/lower extremity
(in FMA-UE/LE), balance (in BBS), and quality of life
(in SF-12v2 PCS/MCS) are observed. The improve-
ment is comprehensive when compared with those of
the previous studies which focus on specific functions.
This is also different from the conclusion made in [42]
that the majority of AR/VR intervention methods are
reported with no significant improvement. However,
it is not surprising because the essential difference of
our integrated training from those methods is that the
AR training is designed as an extension of the PT/OT
rather than video games or training for specific func-
tions. This makes the training plans are more practical.

First of all, the training plans are tailored to the
same extent of that of the usual care. The plans can
thus dynamically address (and be adjusted to) the spe-
cific needs of the participants, and provide a compre-
hensive intervention by paying a balanced attention
on the participants’ functions. Secondly, the integrated
scheme draws a boundary between the training efforts
on the teaching and practising. It makes the human
trainers can focus more on the teaching and explaining
of the trials. This part needs more perceptual intelli-
gence that is still an open question for AR research.
Meanwhile, the integrated scheme leaves the AR train-
ing mainly for the practising part, in which the key is
the repetition of what being taught. The human train-
ers are thus released from this time-consuming part
and their general availability to participants are max-
imized. The efficacy of the balanced efforts is evident
in Table 4. It shows that the 20 training sessions were
completed in AR-Home groups within 61.17% of the
time of that in AR-Centre group (10.35 wks vs. 16.92
wks) with the same significant improvement observed
(see Table 3). The reason is that the AR-Home par-
ticipants are able to receive the training sessions at
least twice every week (which reaches the same level
of the regular care before the pandemic) because of the
increased availability of human trainers. At the same
time, without the dependence on the human trainers,
the participants are self-driven to practise 2.51 times
longer than those in AR-Centre group (24.62 hrs vs.
9.82 hrs), so that their training effect is still ensured
with the compact schedule.

This leads to the reduction of contact rate as well. It
makes the training possible even during the COVID-
19 regulation from February 2020 to February 2021
in Hong Kong when the government imposed strict re-
striction on group gathering of more than 4 (sometimes
2) persons. The rehabilitation services of seven centers
were suspended at that time because it was difficult
to deliver the training with the conventional scheme
(which usually requires a team of a PT/OT and a few
assistants). By contrast, 3 centers delivering our inte-
grated program were still open for the services during
that period. The AR-Home group was not affected be-
cause the training could be conducted at home by the
participants with remote assistance of human train-
ers. Our records show that the average practice time
of AR-Home group reached 2.64 hrs/week, which is
2.29 times longer than that of the less strict periods.
Several participants reveal in our random interviews
that their worries of missing the recovery period due
to the regulation had drove them to conduct more self-
training. The AR system installed at their homes made
it happen.
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Table 2 Primary and secondary outcomes of all participants (AR-ALL, n=39) after 20 training sessions

Outcome Pre Post Difference p Value
FMA-UE (max. 66)† 38.85 ± 19.98 42.49 ± 19.44 3.64 ± 4.69 (0.00002**)
FMA-LE (max. 34)† 18.64 ± 8.26 22.56 ± 7.78 3.92 ± 4.84 (0.00001**)
BBS (max. 56)† 40.90 ± 11.87 43.13 ± 10.30 2.23 ± 5.70 (0.019*)
FAC (max. 6)† 4.54 ± 1.17 4.76 ± 1.21 0.22 ± 0.92 0.149
BI (max. 20)† 16.31 ± 2.73 17.56 ± 2.53 1.25 ± 1.18 (0.0007**)
SF-12v2 PCS (max. 100)† 32.28 ± 12.25 37.10 ± 10.11 4.82 ± 9.11 (0.002*)
SF-12v2 MCS (max. 100)† 40.60 ± 17.25 45.54 ± 11.58 4.94 ± 13.05 (0.023*)
Abbreviations: FMA = Fugl-Meyer Assessment; FMA-UE = FMA for Upper-Extremity; FMA-LE= FMA for Lower-Extremity; BBS =
Berg Balance Scale; FAC = Functional Ambulation Category; BI = Barthel Index of Activities of Daily Living; SF-12v2 = The 12-Item
Short Form Health Survey (PCS = Physical Component Summary and MCS = Mental Component Summary)
†Date are presented as mean ± SD
* p <0.05; ** p <0.01

Table 3 Primary and secondary outcomes of AR-Centre and AR-Home participants after 20 training sessions

AR-Centre (n = 23) AR-Home (n = 16) Mean Group

Outcome Pre Post
Difference
(p Value) Pre Post

Difference
(p Value)

Difference
(95% CI)

Difference
p Value

FMA-UE† 40.09±19.69 43.65±19.41 3.57±4.93 37.06±20.91 40.81±20.01 3.75±4.46 -1.563 (-3.318 0.906
(max. 66) (0.0022*) (0.0043**) to 2.948)
FMA-LE† 19.48±8.18 24.00±6.43 4.52±5.48 17.44±8.50 20.50±9.21 3.06±3.75 2.000 (-1.741 0.361
(max. 34) (0.0007**) (0.0052**) to 4.659)
BBS† 41.35±13.05 43.22±12.59 1.87±5.42 40.25±10.32 43.00±6.02 2.75±6.21 -1.3125 (-4.677 0.641
(max. 56) (0.0438*) (0.0970) to 2.916)
FAC† 4.65±1.19 4.78±1.17 0.13±0.87 4.38±1.15 4.72±1.32 0.34±1.01 -0.281 (-0.826 0.485
(max. 6) (0.48) (0.194) to 0.400)
BI† N/A N/A N/A 16.31±2.73 17.56±2.53 1.25±1.18 N/A N/A
(max. 20) (0.0007**)
SF-12v2 PCS† 32.75±14.09 37.58±10.37 4.83±9.79 31.61±9.39 36.42±9.99 4.81±8.35 0.888 (-6.078 0.996
(max. 100) (0.027*) (0.036*) to 6.105)
SF-12v2 MCS† 37.07±19.29 45.07±13.16 8.01± 14.87 45.68±12.68 46.21±9.18 0.53±8.47 8.878 (-0.877 0.078
(max. 100) (0.017*) (0.807) to 15.837)
Abbreviations: FMA = Fugl-Meyer Assessment; FMA-UE = FMA for Upper-Extremity; FMA-LE= FMA for Lower-Extremity; BBS =
Berg Balance Scale; FAC = Functional Ambulation Category; BI = Barthel Index of Activities of Daily Living; SF-12v2 = The 12-Item
Short Form Health Survey (PCS = Physical Component Summary and MCS = Mental Component Summary).
†Date are presented as mean ± SD
* p < 0.05; ** p < 0.01

Table 4 The human effort for delivering the training and the in-centre contact rate of participants

Regular AR-All AR-Centre AR-Home p Value
Variables Usual Care (n = 39) (n = 23) (n = 16) (Centre vs. Home)
Duration of Training (wks)† 10.00 14.22 ± 7.50 16.92 ± 8.49 10.35± 3.07 0.005*
Time of human training (hrs)† 40.00 32.00 ±18.74 41.74 ± 17.54 17.99 ± 9.13 0.000016**
Time of virtual training (hrs)† 0.00 15.89 ± 11.50 9.82 ± 3.10 24.62± 13.53 0.000011**
Ratio of human training (%) 100.00 66.81 80.95 42.22 0.000338**
Human trainers required (#persons) 2.86 N/A 1.86 1.14
In-Centre contact Rate (#persons) 8 – 10 2.77 – 5.54 4 – 8 1 – 2
The Human trainers required and In-Centre contact rate vary from centres. The numbers presented are the averages across centres
†Date are presented as mean ± SD
* p <0.05; ** p <0.01
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Table 5 User experience of participants and centre staff

Questions for Participants Rate (0-5)
I am satisfied with the system 4.33
I feel the system is easy to use 4.00
I am satisfied with the virtually delivered training 4.15
There is an improvement of my upper extremities 3.74
There is an improvement of my lower extremities 3.65
There is an improvement of my balance 3.74
I would like to use this device at home to continue my training 3.89
I would recommend this equipment to others 3.96
I am satisfied with the training program 4.29
I will participate in similar programs again in the future 4.41
I would like to use more of the newly developed functions 4.44
Questions for Human Trainers (PTs/OTs) Rate (0-5)
I feel the system is easy to use 4.36
I feel I have mastered how to use the system 4.18
I would like to use the system more frequently in our training programs 4.00
I think the system is effective for stroke patients 3.82
I understand more about the rehabilitation systems through this program 3.82
I can use the system independently without the assistance of the technicians 4.09
I am satisfied with this program 4.00

The feasibility of the integrated scheme also comes
from its user acceptance. Despite the fact that the inte-
grated scheme was one of a few possible solutions dur-
ing the COVID-19, the results on the Table 5 show AR
training is generally accepted by both participants and
human trainers. One reason is that the AR training is
an extension of their usual care so that the partici-
pants can work with the virtual trainers seamlessly. In
addition, the design of the AR training with focus on
practice has simplified the use of the system, because
the training content is already delivered by the human
trainers. The gait independence (FAC) is a measure
in which significant improvement is not observed. It
might result from our selection criteria which requires
the participants are capable of using the AR training
system independently. This requirement is an indirect
filter that excludes the candidates with baseline below
FAC 4 “Dependent, Supervision” (Ambulation occurs
on level surfaces without manual contact of another
person. Requires stand-by guarding of one person be-
cause of poor judgment, questionable cardiac status, or
the need for verbal cuing to complete the task.). Con-
sequently, there is a limited room for improvement in
FAC among our participants. Nonetheless, this helps
clarify that target users of this type of AR training
systems.
The BBS is a measure with inconsistent observations

(significant for participants as a whole or in the AR-
Centre group, not significant in the AR-Home group).
This is due to the human trainers’ concern of safety
that it is dangerous for the participants to conduct
the balance related training independently at home.
Therefore, they intentionally reduced the amount of
balance training for those in the AR-Home group, re-
sulting in the less significant improvement. However,
this is a reasonable concern which should be considered
in the future design.

The SF-12v2 PCS is significant improved (for par-
ticipants of all groups). However, the SF-12v2 MCS is
with inconsistent observations (significant for partici-
pants as a whole or in the AR-Centre group, not signif-
icant in the AR-Home group). This is due to the fact
that AR-Home users have less (face-to-face) communi-
cation with their PTs/OTs and friends than those of
the AR-Centre, which is critical to how they feel about
their quality of life (QOL) on mental well-being. In
Figure 4, we compare the assessment details of 4 par-
ticipants. The AR-Home participant No. H5 (H9) is
with similar improvement (on all parameters except
SF-12v2 MCS) with that of the AR-Centre partici-
pant No. C20 (C22). This is an indication that similar
rehabilitation efficacy of their physical functions have
been archived. However, the inconsistent observations
on SF-12v2 MCS indicate that AR-Centre participants
may feel better about their mental QOL. By compar-
ing the improvement of BI which is an index for activi-
ties of daily living (ADL), this is more evident that the
participants’ feeling about the improvement is not nec-
essarily consistent with the facts. Again, we can learn
from the results that mental care should be improved
in the future design.

Conclusions
We have conducted a feasibility study to investigate
the efficacy of our rehabilitation programs which in-
tegrate the AR training into the participants’ usual
care. The results showed that the integrated mode can
significantly reduce the human (PTs/OTs/Assistants)
trainers’ effort on the training as well as to reduce
the contact rate during COVID-19 pandemics. The
AR training system turns the time-consuming the
monotonous practising part of the trials into an au-
tomated process which can be conducted by the par-
ticipants independently. This also releases the human
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Figure 4 The pre- and post-assessment details of participants No. H5 (H9) and No. C20 (C22) from AR-Home and AR-Centre
groups, respectively

trainers so that they can focus more on the teaching
and explaining part. We believe this is a practical re-
habilitation mode with well-balanced human-machine
coordination which is effective and efficient during the
pandemics.
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Raistenskis J. Influence of new technologies on post-stroke

rehabilitation: a comparison of armeo spring to the kinect system.

Medicina. 2019;55(4):98.

39. Orand A, Erdal Aksoy E, Miyasaka H, Weeks Levy C, Zhang X, Menon

C. Bilateral tactile feedback-enabled training for stroke survivors using

microsoft kinecttm. Sensors. 2019;19(16):3474.

40. Caetano DSD, Valentini C, Mattioli F, Camargos P, Sá T, Cardoso A,
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