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Abstract

Background: Robot-assisted hand training has shown positive effects on promoting neuromuscular control. Since
both robot-assisted therapy and task-oriented training are often used in post-stroke rehabilitation, we raised the ques-
tion of whether two interventions engender differential effects in different domains.

Methods: The study was conducted using a randomized, two-period crossover design. Twenty-four chronic stroke
survivors received a 12-session robot-assisted intervention followed by a 12-session task-oriented intervention or vice
versa. A 1-month washout period between each intervention was implemented. Outcome measures were evaluated
before the intervention, after the first 12-session intervention, and after the second 12-session intervention. Clinical
assessments included Fugl-Meyer Assessment for Upper Extremity, Wolf Motor Function Test, Action Research Arm
Test and Motor Activity Log.

Results: Our findings suggested that EMG-driven robot-assisted therapy was as effective as task-oriented training
in terms of improving upper limbs functional performance in activity domain, and robot-assisted therapy was more
effective in improving movement duration during functional tasks. Task-oriented training showed better improve-
ment in body function domain and activity and participation domain, especially in improving spontaneous use of
affected arm during daily activities.

Conclusions: Both intervention protocol had their own advantages in different domains, and robot-assisted therapy
may save manpower and be considered as an alternative intervention to task-oriented training. Combining the two
approaches could yield results greater than either alone, which awaits further study.

Trial registration: ClinicalTrials.gov Identifier: NCT03624153. Registered on 9th August 2018, https://clinicaltrials.gov/
ct2/show/NCT03624153.
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Background

Upper limbs dysfunction is a common sequela of stroke.

Dysfunction in upper limbs is a combination of muscle
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activities [1, 2] and deficits in hand movements seri-
ously influence performance of a variety of daily tasks. A
decline in functional independence after stroke not only
leads to the deterioration in quality of life, but also places
heavy pressure on caregivers. Thus, restoration of upper
limbs function is identified as a top priority for stroke
patients, ranked by stroke patients, caregivers and medi-
cal professionals [3, 4].

Restoration of motor function after stroke requires
intense and massed practice for desired motor skills [3,
5, 6]. Among several contemporary approaches, robot-
assisted therapy has gained acceptance in upper limbs
rehabilitation [6-8]. Robot-assisted therapy provides
patients with intense, repetitive practice and precise
motion guidance which could promote neuromuscular
control and reverse learned nonuse phenomenon [9].
Many rehabilitation robots for the upper limbs are avail-
able in the market and there is an increasing trend of
using exoskeleton robots [10, 11]. Exoskeleton robots are
wearable devices with joints and links which correspond
to those of the human body [12]. The advantage of exo-
skeleton robots is that they provide precise control over
multiple joints and allow training at selective joints. Con-
trol strategy is a major aspect that enables the robot to
provide assisted movement [13]. During active-assisted
training mode, the robot detects the patient’s intention to
move through the sensor and trigger the assisted move-
ment that allow the patient’s hand actively interacts with
the robot. The sensors that integrated into the robots can
be classified into physical sensors and bioelectrical sen-
sors [14]. Physical sensors such as torque sensors and
position sensors are the most used sensors in rehabilita-
tion robots for the upper limbs [15]. However, physical
sensors require some degree of volitional movement to
trigger, and those devices might not benefit patients who
are unable to generate sufficient force to trigger robots.
In contrast to physical sensors, bioelectrical sensors such
as electromyography (EMG) sensors can detect patients’
voluntary muscle activation in real time and triggered the
robot-assisted movement, which could be beneficial in a
broader range of patients. The aim of this study was to
examine the therapeutic effects of robot-assisted therapy
in neurorehabilitation using an EMG-driven exoskeleton
hand robot.

EMG-driven hand robot has shown to increase vol-
untary motor control, decrease muscle spasticity and
improve upper limbs motor function [16-18], but
there were limited studies mainly compared the effects
between EMG-driven robot-assisted therapy and task-
oriented training in patients with stroke. Task-oriented
training is a client-centered and functional-based inter-
vention, which has demonstrated effectiveness on
motor recovery after stroke [19] and been commonly
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incorporated into routine practice in occupational ther-
apy for stroke rehabilitation [20, 21]. In this study, we
intended to examine whether EMG-driven robot-assisted
therapy and task-oriented training engenders differential
effects in different domains.

Methods

Study design and participants

This study was performed in a randomized, single-blind,
two-period crossover design to compare the efficacy of
robot-assisted intervention with task-oriented interven-
tion in chronic stroke patients. The Institutional Review
Board for Human Studies approved the protocol, and all
participants provided written informed consent before
participating. Participants were recruited from medical
centers in Taiwan. The inclusion criteria included: (1)
unilateral stroke>3 months prior to study enrollment;
(2) Fugl-Meyer Assessment for Upper Extremity (FMA-
UE) score<60; (3) without excessive spasticity in any
of the UE joint (modified Ashworth scale <3); (4) Mini
Mental State Exam (MMSE) score>24, indicating no
serious cognitive impairment; and (5) between the ages
of 20 and 75 years. The exclusion criteria included: (1)
histories of other neurological diseases such as demen-
tia and peripheral polyneuropathy; (2) difficulties in fol-
lowing and understanding instructions such as global
aphasia; (3) enroll in other rehabilitation or drug studies
simultaneously; (4) receiving Botulinum toxin injections
within 3 months. The research design and flow process
are shown in Fig. 1.

Equipment

The Hand of Hope (HOH) robotic hand system (Rehab-
Robotics Co. Ltd, Hongkong, China) was used in this
study. HOH is an exoskeleton type of robot which is
worn on the dorsal side of the impaired hand with two
surface EMG sensors attached to the extensor digi-
torum and flexor digitorum superficialis. The system
detects EMG signals during voluntary muscle contrac-
tion and provides patients with real-time visual feed-
back to identify the level of motor unit recruitment.
Training modes of HOH include “continuous passive
motion’, “EMG biofeedback—trigger and go’, “EMG
biofeedback—trigger and maintain, and ‘"interactive
games". In continuous passive motion mode, the robot
provides passive range of motion to the hand involv-
ing all fingers or three fingers (thumb, index finger
and middle finger). In EMG biofeedback—trigger and
go mode, the robot guides the patient to complete the
hand motion in full range once the EMG signal exceeds
the predetermined threshold. In EMG biofeedback—
trigger and maintain mode, the patient is required to
keep generating EMG signals above the predetermined
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Fig. 1 Flow diagram illustrating the flow of participants through each stage of the study

threshold to activate the robot-assisted hand motion.
The primary difference between the two EMG biofeed-
back modes is the amount of assistance provided by the
robot. In interactive gaming mode, the robot provides
patients with video games, which incorporate hand and
arm movements with interactive games. The system
comes with a series of interactive games and therapists
can choose the level of difficulty in games based on
patients’ upper limb functional status.

Intervention protocol

Participants were randomly assigned to group A or group
B using a computer-generated list. Participants in group
A received 12 sessions of robot-assisted intervention
first, followed by a 1-month washout period, and then
received 12 sessions of task-oriented intervention. Par-
ticipants in group B received 12 sessions of task-oriented
intervention first, followed by a 1-month washout period,
and then received 12 sessions of robot-assisted inter-
vention. All interventions were conducted by a certified
occupational therapist. The flow of the study was illus-
trated in Fig. 1.

Robotic-assisted intervention protocol

Participants received the 12-session robot-assisted
intervention 3 sessions a week for 4 consecutive weeks.
Each session consisted of 20-min continuous passive
motion, 20-min active motion practice, and 30-min
interactive gaming practice. Before each intervention
session, participants were instructed to perform maxi-
mum voluntary isometric contraction (MVIC) of hand
grasping and hand opening with HOH system. The sys-
tem detected the EMG levels at MVIC and the thresh-
old for EMG trigger during biofeedback mode was
determined by 50% of MVIC.

In continuous passive motion practice, the robot pro-
vided passive grasp and release motion with all fingers
for 10 min, and passive pinch and release motion with
thumb, index finger and middle finger for 10 min. In
active motion practice, participants received 10-min
biofeedback training to practice grasp and release
motion and 10-min biofeedback training to prac-
tice pinch and release motion in either “trigger and
go” mode or “trigger and maintain” mode based on
patients’ motor status. In interactive gaming practice,
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the therapist selected three activities that incorporate
hand and arm movements with interactive video games.

Task-oriented intervention protocol

Participants received the 12-session task-oriented inter-
vention 3 sessions a week for 4 consecutive weeks. Each
session consisted of 20-min warm up including range of
motion exercise and strengthening exercise followed by
50-min task-oriented training for activities of daily living
under the supervision of a senior occupational therapist.

Outcome measurements

The clinical assessments we used to evaluate therapeutic
effects of robot-assisted intervention and task-oriented
intervention focused on domains of the International
Classification of Functioning, Disability and Health (ICF)
framework: (1) body function and (2) activity and partici-
pation. Clinical assessments included Fugl-Meyer Assess-
ment for Upper Extremity (FMA-UE) that falls within the
body function domain [22], Wolf Motor Function Test
(WMFT) and Action Research Arm Test (ARAT) that
falls within the activity domain [22], and Motor Activity
Log (MAL) that falls within the activity and participation
domains [22, 23]. Participants were assessed before the
intervention (baseline assessment), around 2 weeks after
the first 12-session intervention (follow-up assessment
1), and after the second 12-session intervention (follow-
up assessment 2) [24]. All participants were assessed by a
certified occupational therapist who was unaware of the
group to which the participant had been allocated.

Domain of body function

Fugl-Meyer Assessment for Upper Extremity (FMA-UE):
The FMA-UE falls within the body function domain of
ICF framework, which includes 33 items assessing move-
ments, reflexes, and coordination of upper limbs. Each
item is measured on a 3-point ordinal scale and the total
score ranges from 0 to 66 [25]. A higher score indicates
better motor function. The reliability and validity of the
Fugl-Meyer Assessment are well established [1, 26].

Domain of activity and participation
Wolf Motor Function Test (WMFT): The WMFT falls
within the activity domain of ICF framework, which
assesses upper extremity motor ability by measuring the
performance time (WMFT-Time) and functional ability
rating scale (WMFT-FAS) in required task. Participants
were timed and rated by using a 6-point ordinal scale.
The WMEFT is valid and reliable on assessing motor func-
tion in stroke patients [27, 28].

The Action Research Arm Test (ARAT): The ARAT
falls within the activity domain of ICF framework, which
assess upper limbs performance in stroke recovery. It
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consists of 19 items categorized into four subscales:
grasp, grip, pinch, and gross movement. Performance on
each item is rated on a 4-point ordinal scale and a higher
score indicates better performance. Reliability and valid-
ity of the ARAT have been well established [29].

Motor Activity Log (MAL): The MAL falls within the
activity and participation domains of ICF framework. It is
a semi-structured interview for stroke patients to assess
the amount of use (MAL-AOU) and quality of movement
(MAL-QOM) of their affected arm and hand during 30
activities of daily living. The score of each activity ranges
from O to 5, and higher scores represent more frequently
used or higher quality of movement. The MAL has good
validity, reliability and responsiveness in patients with
stroke. [30-32]

Statistical analysis

We used Chi-square tests and independent t-tests to
compare participants’ baseline characteristics between
group A and B. Before we examined the treatment effects
between interventions, we conducted a preliminary test
to examine if the carryover effect is negligible [33]. We
calculated the sum of the measured scores post-interven-
tion (follow-up assessment 1 and 2) for each participant
and compared the means between two sequences (group
A and group B) by independent t-tests. A non-significant
result suggested that carryover effects should be null or
negligible.

We used repeated measures ANOVA to examine treat-
ment effects between interventions (robotic-assisted
intervention vs. task-oriented intervention). We defined
“intervention” as within-subject factor and “group” as
between-subject factor. For all calculations, a significance
level at «=0.05 was used. Post hoc paired t tests with
Bonferroni correction were applied. If the interaction
effect between intervention and group was significant, we
reconducted repeated measures ANOVA for two groups
separately to examine the intervention effect. All tests
were executed using the SPSS software version 25 (Inter-
national Business Machines Corp., Armonk, NY).

Results

Demographic characteristics of both groups

We screened 56 patients for eligibility. Thirty-one of them
met the inclusion criteria and were randomly assigned to
two groups. During the first intervention period, seven
participants withdrew from the study and they were
excluded from data analysis. Descriptive characteristics
of participants are presented in Table 1. The two groups
did not differ significantly in terms of participants’ demo-
graphic and clinical characteristics, except for age. Partic-
ipants in group A were significantly younger than those
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Table 1 Demographic characteristics and clinical background of
participants

Variables Group A Group B p value
(N=14) (N=10)

Gender (male/female) 10/4 9/1 28
Affected side (R/L) 8/6 7/3 42

Age (years), mean £ SD 5458+10.98 64.98+8.22 02
Time since stroke 37.07+34.39 59844334 17
(months), mean=£SD

FMA-UE, mean £ SD 33+£853 3644101 .38
MMSE, mean +SD 28+1.52 26.8+2.86 19

FMA-UE Fugl-Meyer Assessment for upper extremity; MMSE Mini Mental State
Exam

in group B (54.58+10.98 years vs. 64.98+8.22 years;
p=.02).

Carry-over effects

The first step of our analysis was to examine carryover
effects between both intervention periods. Statistical
analysis revealed no carryover effects for all outcome
parameters (FMA-UE: p=.86, FMA-proximal: p=.86,
FMA-distal: p=.65, WMFT-Time: p=.27, WMFT-FAS:
p=.20, MAL-AOU: p=.53, MAL-QOM: p=.93, ARAT:
p=.41).

Domain of body function

The mean and standard deviation for clinical outcome
measures were shown in Table 2. Results of inferential
statistics were shown in Table 3. Results of FMA-UE
revealed a statistically significant interaction effect
between intervention and group, F(2,44) =4.64, p=.015.
Therefore, we tested the effect of intervention for group
A and group B separately. In robotic-assisted inter-
vention first group, we found a statistically significant
effect of intervention, F(2,26)=8.37, p=.002. Pairwise
comparisons revealed that participants in this group

Table 2 Descriptive statistics for clinical outcome measures
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significantly improved upper limb motor function after
receiving robot-assisted intervention and after receiv-
ing task-oriented intervention (p=.031, .013 respec-
tively). The improvements were not significantly different
between the two interventions (p=.91). In task-oriented
intervention first group, we found a statistically signifi-
cant effect of intervention, F(2,18) =5.29, p=.016. Pair-
wise comparisons revealed that participants in this group
significantly improved upper limb motor function after
task-oriented intervention (p=.018), but not after receiv-
ing robot-assisted intervention (p=.816).

Domain of activity and participation

Results of WMFT-Time showed no statistically signifi-
cant interaction between groups and intervention, p=.49
(see Table 3). For the main effect, there was a statistically
significant effect of intervention, F(2,44) =4.59, p=.02,
but no statistically significant effect of group (p=.27).
Pairwise comparisons revealed that participants signifi-
cantly improved their performance time for complet-
ing the tasks after receiving robot-assisted intervention
(p=.004), but no significant improvement was found
after receiving task-oriented intervention (p=.21).

As for the results of WMFT-FAS, there was no statisti-
cally significant interaction between groups and interven-
tion (p=.20). For the main effect, we found a statistically
significant effect of intervention F(2,44)=6.89, p=.002,
but there was no statistically significant effect of group
(p=.23). Pairwise comparisons revealed that partici-
pants significantly improved their functional ability after
receiving robot-assisted intervention and after receiving
task-oriented intervention (p=.026, .031 respectively).
Both interventions showed positive effect in improving
functional ability, and the improvements were not signifi-
cantly different between the two interventions (p=.12).

The ARAT results showed no statistically significant
interaction between groups and intervention (p=.35).

Outcome measure Baseline End of robot-assisted intervention End of conventional
intervention

Group A Group B Group A Group B Group A Group B
FMA-UE 33(8.53) 36.4(10.1) 35.64 (9.3) 34.7(11.02) 36.43 (9.53) 38.8(10.32)
WMFT-Time 14.85 (6.19) 12.09 (6.5) 12.52 (5.92) 9.07 (4.51) 1241 (6.21) 11.05 (6.03)
WMFT-FAS 2.51(44) 2.65(71) 2.63(.58) 2.83(.77) 2.75 (7) 3.31(99)
MAL-AOU 1.15(82) 97 (1.13) .33(.82) 1.09 (1.15) 8(1.04) 1.25(1.27)
MAL-QOM 76 (48) 78 (.95) 86( 56) 1.12(1.07) (7 ) 89 (.94)
ARAT 14.5 (9.24) 18.8(12.13) 6(9.03) 224 (10.34) 2007(1398) 21 9(W 2)

Data are presented as the mean (SD)

FMA_UE upper limb subtest of the Fugl-Meyer assessment, WMFT-Time performance time of the Wolf Motor Function Test, WMFT-FAS functional ability scale of the
Wolf Motor Function Test, MAL-AOU Motor Activity Log Amount of use score, MAL-QOM Motor Activity Log Quality of movement score, ARAT Action Research Arm Test
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Table 3 Inferential statistics for outcome measures
Outcome measure Effect df F p
FMA-UE Within subjects
Intervention 2 882 001
Intervention x group 2 4.64 015
Error 44
Between subjects
Group 1 a7 686
Error 22
WMFT-Time Within subjects
Intervention 2 4.59 015
Intervention x group 2 71 499
Error 44
Between subjects
Group 1 1.26 273
Error 22
WMFT-FAS Within subjects
Intervention 2 6.89 002
Intervention x group 2 1.67 2
Error 44
Between subjects
Group 1 1.5 233
Error 22
MAL-ACU Within subjects
Intervention 2 59 005
Intervention x group 2 29 746
Error 44
Between subjects
Group 1 38 54
Error 22
MAL-QOM Within subjects
Intervention 2 525 009
Intervention x group 2 433 02
Error 44
Between subjects
Group 1 01 919
Error 22
ARAT Within subjects
Intervention 2 548 007
Intervention x group 2 1.51 232
Error 44
Between subjects
Group 1 82 375
Error 22

Main effects of within-subject factor (intervention) and between-subjects factor
(group), along with interactions

For the main effect, there was a statistically signifi-
cant effect of intervention, F(2,44)=5.48, p=.007, but
there was no statistically significant effect of group
(p=.38). Pairwise comparisons revealed that participants
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significantly improved their upper limbs performance
after receiving robot-assisted intervention and after
receiving task-oriented intervention (p=.03, .001 respec-
tively). Both interventions were effective in improving
upper limbs functional performance, and the improve-
ments were not significantly different between the two
interventions (p =.87).

Results of MAL-AOU showed no statistically signifi-
cant interaction effect between group and intervention
(p=.75). For the main effect, there was a statistically
significant effect of intervention, F(2,44)=5.9, p=.005,
but there was no statistically significant effect of group
(p=.54). Pairwise comparisons revealed that participants
significantly increased the affected arm use after receiv-
ing task-oriented intervention (p=.014), but no signifi-
cant difference was found after receiving robot-assisted
intervention (p=.57).

Results of MAL-QOM revealed a statistically signifi-
cant interaction effect between intervention and group,
F(2,44)=4.33, p=.019. Therefore, we tested the effect
of intervention for two groups separately. In robotic-
assisted intervention first group, we found a statisti-
cally significant effect of intervention, F(2,26)=4.84,
p=.016. Pairwise comparisons revealed that participants
in this group significantly improve movement quality
after receiving task-oriented intervention (p=.03), but
no significant improvement was found after receiving
robot-assisted intervention (p=.24). In task-oriented
intervention first group, we found a statistically signifi-
cant effect of intervention, F(2,18) =5.26, p=.016. Pair-
wise comparisons revealed that participants in this group
significantly improve movement quality after receiving
robot-assisted intervention (p=.03), but no significant
improvement was found after receiving task-oriented
intervention (p =.22).

Discussion

In this study, we used a randomized, two-period crosso-
ver design to examine whether robot-assisted therapy
and task-oriented training for chronic stroke survivors
engender differential effects in different domains. Clini-
cal assessments that focus on domains of body function
and domain of activity and participation were used to
examine intervention effects of each intervention proto-
col. Our findings indicated that both EMG-driven robot-
assisted therapy and task-oriented training were effective
in improving upper extremity function in patients with
stroke, and each intervention protocol had its own
advantages in different domains. Robot-assisted inter-
vention showed better improvement in activity domain,
especially in performance time, and task-oriented inter-
vention showed better improvement in body function
domain.
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In body function domain, results of FMA-UE showed
that participants in two groups responded differently
to different intervention. Robot-assisted intervention
significantly improved participants’ motor function in
robot-assisted intervention first group, and task-oriented
intervention significantly improved participants’ motor
function in both groups. The participants, who received
robot-assisted intervention first, might acquire basic
motor skills first because robot-assisted intervention
offered repetitive practice and consistent movement tra-
jectory to patients, which are fundamental for learning
basic motor skills. After participants obtained the basic
motor skills in robot-assisted intervention, they practiced
functional tasks further enhancing motor skills via a vari-
ety of functional practice in task-oriented intervention. In
contrast, participants who received task-oriented inter-
vention first might directly improve motor skills through
practice the functional use of the affected arm in terms
of task-oriented training. Therefore, the robot-assisted
intervention following the task-oriented intervention
training might play a minor role to reduce motor impair-
ments. These findings suggested task-oriented training
might be important for reducing motor impairments,
and robot-assisted intervention might assist patients to
regain the motor skills at the beginning stage and save, at
least in part, the manpower.

In activity and participation domains, both intervention
protocols showed comparably positive effect on activity
performance, measured by WMFT-FAS and ARAT. How-
ever, we found that robot-assisted intervention was supe-
rior to task-oriented intervention in terms of improving
performance time of functional tasks. The WMFT-Time
scores revealed that participants significantly spent less
time to complete the tasks after receiving robot-assisted
intervention, but the performance time did not improve
after receiving task-oriented intervention. One explana-
tion is that EMG-driven robot could assist patients in
precisely facilitating desired muscle groups during train-
ing and improving coordination of agonist and antagonist
muscles around joints. Participants with better muscular
control could improve their movement time during func-
tional tasks. Another explanation is that task-oriented
intervention focuses on the completion of ADLs with less
attention paid towards movement speed, while robot-
assisted intervention incorporates movement speed
into the training program. Therefore, participants could
improve their movement time during functional tasks
after receiving robot-assisted intervention.

Results of MAL-AOU revealed that task-oriented inter-
vention had more benefits in terms of improving sponta-
neous use of affected upper limb during daily activities,
compared with robot-assisted intervention. Regarding
our intervention protocols, task-oriented intervention
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mainly focused on practice of a variety of task-oriented
functional activities while robot-assisted intervention
focused on movement training in distal parts of upper
limb. Although the robot-assisted intervention pro-
vided interactive gaming mode in HOH robot system,
the variety of games is limited and movements in those
games were primarily performed in a two-dimensional
plane. As a result, participants might easily transfer the
skills acquired in task-oriented intervention to their daily
activities and spontaneously make use of their affected
upper limbs in their housing environment. Results of
MAL-QOM showed that participants reported better
movement quality during daily activities after receiv-
ing the second intervention protocol, regardless of their
groups. We suspected that the improvement related to
time-dependent changes in motor recovery. Since the
MAL-QOM primarily assessed the involvement of the
affected arm during functional activities which might
need more practice to improve, participants exhibited
better involvement of the affected arm during func-
tional activities after receiving the second intervention
protocol.

This study has some limitations. First, cross-over stud-
ies usually require longer duration than parallel-group
studies. Prolonged study duration and repeated assess-
ments could lead to an increase in dropout rates. In this
study, seven participants dropped out during the first
intervention period that resulted in a reduction of the
sample size and unequal number of participants in each
group. There were fewer participants in group B (task-
oriented intervention-first group) in our analysis, which
could influence the results. Second, participants were sig-
nificantly older in task-oriented intervention first group.
Since we did not find significant differences in impair-
ment level at baseline measurement between two groups,
the impact of age that moderates the effect of rehabili-
tation training may be limited. Third, participants were
allowed to practice upper-limb movement or participate
in functional activities using affected arms during wash-
out period. Although a 1-month washout period was
implemented and statistical analysis showed that no car-
ryover effect was present, it’s possible that new acquired
motor skills and control sequences could be retained
after the washout period. Fourth, the feature of the
robotic device might influence the effect of robot-assisted
intervention. For example, an innovative exoskeleton
robotic hand with neuromuscular electrical stimulation
function has been developed to facilitate muscular coor-
dination [18]. The combined treatment with robot and
neuromuscular electrical stimulation could augment the
effect of robot-assisted intervention. Although a growing
number of robotic devices have been developed, only a
few have been commercialized. Therefore, we chose the



Chen et al. Journal of NeuroEngineering and Rehabilitation

EMG-driven exoskeleton robotic hand available on the
market to conduct this study. Future studies are needed to
explore the alternative intervention protocol to improve
the effectiveness of robot-assisted intervention. Lastly, we
used clinical assessments to measure functional improve-
ment after interventions and these clinical assessments
could lack sensitivity to detect minor changes in motor
performance due to the nature of ordinal scales. Since the
goal of EMG-driven robot-assisted therapy is to improve
awareness of muscle control and to educate appropriate
muscle groups to produce movements, future studies are
needed to investigate intervention effects on motor per-
formance and motor unit recruitment using instrumen-
tal assessments, such as electromyography and kinematic
analysis.

Conclusion

Robot-assisted therapy offers the advantage of manpower
saving and delivering intensive training in neuroreha-
bilitation. The purpose of the study was to examine the
effects of EMG-driven robot-assisted therapy on motor
function in patients with stroke, compared with task-ori-
ented training. Our findings suggested that EMG-driven
robot-assisted therapy is as effective as task-oriented
training in terms of improving upper limbs functional
performance in activity domain, and robot-assisted
therapy is more effective in improving movement dura-
tion during functional tasks. While EMG-driven robot-
assisted therapy is not as effective as task-oriented
training in body function domain and activity and par-
ticipation domain, we hypothesized that combining two
interventions would yield greater intervention effects
in patients with stroke. Future research should be con-
ducted to determine the effects of combined intervention
protocol in patients with stroke.
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