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Effect of robot arm reach training on upper extremity
functional movement in chronic stroke survivors: a
preliminary study
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Objective: The purpose of this study was to investigate the effect of robot arm reach training on upper extremity functional move-
ment in chronic stroke survivors.

Design: One group pretest-posttest design.

Methods: Thirteen chronic stroke survivors participated in this study. Robot arm reach training was performed with a Whole Arm
Manipulator (WAM) and a 120-inch projective display to provide visual and auditory feedback. During the robotic arm reach
training, WAM provided gravity compensation and assist-as-needed (AAN) force according to the robot control mode. When a
participant could not move the arm toward the target for more than 2 seconds, WAM provided AAN force to reach the desired
targets. All patients participated in the training for 40 minutes per day, 3 times a week, for 4 weeks. Main outcome measures were
the Fugl-Meyer Assessment (FMA), Action Research Arm Test (ARAT) and Box and Block Test (BBT) to assess upper extremity
functional movement.

Results: After 4 weeks, significant improvement was observed in upper extremity functional movement (FMA: 42.15 to 46.23,
BBT: 12.23 to 14.00, p<0.05). In the subscore analysis of the FMA upper extremity motor function domains, significant improve-
ment was observed in upper extremity and coordination/speed units (p<0.05). However, there were no significant differences in
the ARAT.

Conclusions: This study showed the positive effects of robot arm reach training on upper extremity functional movement in
chronic stroke survivors. In particular, we confirmed that robot arm reach training could have a positive influence by leading to im-
provement of motor recovery of the proximal upper extremity.
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Introduction

Stroke can lead to various disabilities depending on the
degree and location of brain injury [1]. Moreover, stroke is
a main cause of chronic upper extremity movement im-
pairment. Most stroke survivors have functional disabilities
in daily living activity performances associated with use of
the upper extremity [2]. Only a small portion of individuals

experience a complete functional recovery after a stroke,
with 55% to 75% of survivors left with lingering upper ex-
tremity impairments as well as activity of daily living and
community participation restrictions at 6 months after onset
[3]- Thus, improving upper limb capacity of stroke survivors
is one of the most important challenges for clinicians and re-
searchers [4].

Over the years, various therapeutic approaches, such as
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task-specific training [5], constraint-induced movement
therapy [6], virtual reality training [7], and functional elec-
trical stimulation [8] have been used to improve upper ex-
tremity function. Among the potential therapeutic approach
used to aid recovery in stroke survivors, the robotic system
has recently been developed to improve upper extremity
movement [9]. The robotic system enables users to partic-
ipate in motivational, repetitive and intensive tasks. Accord-
ing to a previous review, robotic systems have the potential
to improve arm function and basic activities of daily living
[4], and another systematic review reported that the ro-
bot-assisted training is effective in improving upper ex-
tremity motor functional recovery of persons with stroke
[10]. However, although robotic systems have been used
consistently for upper limb rehabilitation after stroke [11],
scientific evidence of their benefits is still insufficient. In
particular, scientific evidence for the various training modes
used in upper limb robot rehabilitation is lacking.

Thus, the purpose of the current study was to assess
whether the robot arm reach training with assistance force
could improve upper extremity functional movement in
chronic stroke survivors. In this study, the Fugl-Meyer As-
sessment (FMA) subscore analysis was particularly per-
formed to investigate the change of motor function after ro-
bot arm reach training with assistance force. We hypothe-
sized that stroke survivors would show enhancements in up-
per extremity functional movement after 4 weeks of robot
arm reach training with assistance force. The goal of present
study was to provide a reference point for a future random-
ized controlled trial.

Methods
Subjects

Sixteen chronic stroke survivors participated in this study.
Participants were recruited by the following inclusion and
exclusion criteria. The inclusion criteria were as follows: 1)
hemiparesis from a single stroke occurring at least six
months prior, 2) Mini-Mental State Examination scores of
24 or higher, 3) no known musculoskeletal conditions that
would have affect the ability to sit safely, and 4) absence of
hemispatial neglect. The exclusion criteria were as follows:
1) participation with rehabilitation programs, 2) partic-
ipation with shoulder subluxation or pain, or 3) spasticity
(Modified Ashworth Scale score>2). Participants were re-
cruited from the local community who were not participat-
ing in any rehabilitation programs. After screening, 3 pa-

tients were excluded in this study because they did not meet
the inclusion criteria.

Procedures

This was a single-group pre- and post-test design study
with an aim of investigating the effect of robot arm reach
training on upper extremity functional movement in chronic
stroke survivors. The objectives and experimental proce-
dures of study were explained to all the participants, and
they had voluntarily signed the informed consent forms.
Ethical approval for the study was granted by the Korea
National Rehabilitation Center Institutional Review Board
(NRC-2017-01-011).

All participants participated in the training three times per
week for 4 weeks. The duration of a single training session
was 40 minutes with the same assistants. All participants
completed the training sessions, and were assessed for func-
tional movement using the FMA, Action Research Arm Test
(ARAT) and Box and Block Test (BBT). The post-test was
performed three days after the end of the intervention. In ad-
dition, all measurements were performed by an occupational
therapist and a physical therapist.

Experimental protocol: robot arm training with an assis-
tance force

The robot arm reach training with an assistance force was
performed on a test bed. The setting of the test bed was du-
plicated as reported in previous studies [12-14]. The robot
arm reach training with an assistance force consisted of a
Whole Arm Manipulator (WAM) (Barrett Technology, Inc.,
Newton, MA, USA) with seven degrees of freedom and one
a 120-inch projective display.

A projective display in front of the test bed provided suit-
able visual and auditory feedback to the subjects. Partici-
pants performed the robot arm reach training with the WAM
in sitting position with a trunk-fixation belt. The trunk-fix-
ation belt was used to minimize compensatory movement
(Figure 1).

During the robot arm reach training, red and gray balls ap-
peared on the display, and the subjects performed reaching
movements toward the targets in six directions (targets 1-6,
Figure 2) [13]. The red ball was linked to the user’s upper
limb movements. When the red and gray balls matched, au-
ditory feedback (ding-dong sound) was provided to user.

During the robot arm reach training, the WAM provided
additional assistance force. Additional assistance force con-
sisted of gravity compensation and assist-as-needed (AAN)
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Figure 1. Setting for the robotic arm training with an assistance
force program. The training test bed consisted of a Whole Arm
Manipulator (WAM) and a projective display. The WAM provides
a highly back-drivable motion that helps the user reach the desired
sphere using point-to-point movements. A 120-inch projective dis-
play attached to the front of the test bed was used to provide suit-
able visual and auditory feedback to the user.

force [14]. Gravity compensation was provided continu-
ously during robot arm reach training, and an AAN force
was selectively provided depending on user’s reaching per-
formance. When the participant could not move the arm to-
ward the target for more than 2 seconds, the WAM provided
AAN force to reach the desired targets (Figure 2) [13]. The
AAN force was introduced temporarily to assist the lack of
reaching movement. Additional AAN was restricted to 4
Newtons for safety according the recommendation of clin-
ical experts. While performing the robot arm reach training
with an assistance force, an assistant stood nearby and emer-
gency stop devices were installed to prevent accidents due to
fatigue. All patients participated in the robotic arm training
with an assistance force program for 40 minutes per day, 3
times per week, for 4 weeks.

Outcome measures

The FMA, ARAT and the BBT was used to measure func-
tional movement of the upper extremity.
The FMA is an index to assess the sensorimotor impair-
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Figure 2. Additional assistance force (gravity compensation and
AAN force) control strategy: when the subject performed robotic
arm training, gravity compensation was provided continuously,
and an AAN force was only applied when the subject could not
move the arm for more than 2 seconds. AAN: assist-as-needed,
WAM: Whole Arm Manipulator. Data from the article of Cho and
Song (J Phys Ther Sci 2016;28:495-9) [13].

ment in individuals who have had stroke. In this study, only
motor function of the upper extremity domain (maximum
score=66) was assessed [15].

The ARAT is designed to evaluate upper limb functional
disability through the assessment of four basic movements
(primary grasp, grip, pinch, and gross movements). Each
test is graded on a four-point scale, from 0 to 3, yielding a
maximum score of 57 [16].

The BBT evaluates gross manual dexterity in a wide
range of populations, including stroke survivors. The BBT is
a quick and simple test. During the tests, the subject was in-
structed to move as many blocks as possible from one side to
the other within 1 minute using only the tested hand [17].

Data analysis

Data analysis was performed using the IBM SPSS Statis-
tics ver. 21.0 software (IBM Co., Armonk, NY, USA). The
Shapiro-Wilk test was used to confirm the normal dis-
tribution of all outcome variables. Since all variables were
normally distributed the paired t-test was used to determine
between which comparisons the differences existed. All out-
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comes are expressed as mean values and standard devi-
ations. Statistical significance was accepted for p<0.05.

Results

A summary of the general characteristics of the 13 sub-
jects is shown in Table 1. Table 2 and Figure 2 show the
changes in upper extremity functional movement according
to the robot arm reach training with an assistance force.
After 4 weeks of the robot arm reach training with an assis-

Table 1. General characteristic of the subjects (N=13)
Parameter Value
Sex
Male 10 (76.9)
Female 3(23.1)
Etiology
Infarction 5(38.5)
Hemorrhage 8 (61.5)
Paretic side
Right 9(69.2)
Left 4 (30.8)
MAS-UE (1/1+/2) 6/6/1
Brunstrom stage UE (2/3/4/5/6) 1/1/3/5/3
MRC-EE (3/4/5) 1/4/8
MRC-SHF (3/4/5) 2/3/8
Age (y) 59.84 (6.22)
Time since stroke (y) 12.69 (9.26)
Height (cm) 166.61 (10.98)
weight (kg) 68.95 (6.42)
MMSE (scores) 27.00 (2.58)

Values are presented as number (%), number only, or mean (SD).

MAS-UE: Modified Ashworth Scale for Upper Extremity, MRC-EE:
Medical Research Council Scale for muscle strength on Elbow Ex-
tension, MRC-SHF: Medical Research Council Scale for muscle st-
rength on Shoulder Flexion, MMSE: Mini-Mental State Examination.
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Figure 3. Changes in functional ability of the upper extremity.
After 4 weeks of robotic arm training with an assistance force, sig-
nificant improvement was observed in FMA-UE and BBT. FMA-UE:
Fugl-Meyer Assessment of Upper Extremity motor function do-
main, BBT: Box and Block Test.
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Figure 4. Changes in subscores of FMA upper extremity motor
function. After 4 weeks of robotic arm training with an assistance
force, significant improvement was observed in upper extremity
and coordination/speed. FMA: Fugl-Meyer Assessment.

Table 2. Changes in upper extremity functional movement (N=13)
Parameters Pre-test Post-test Changes t(p)
FMA-UE total (score) 42.15 (9.63) 46.23 (10.47) 4.07 (4.90) —2.966 (0.011)
Upper extremity (score) 24.84 (6.36) 27.23 (5.94) 2.38(3.27) —2.622 (0.022)
Wrist 5.53 (2.18) 5.53 (2.14) 0.00 (0.40) 0.000 (1.000)
Hand 8.69 (4.88) 9.76 (5.11) 1.07 (2.75) —1.411 (0.184)
Coordination/speed 3.30 (0.63) 3.92 (1.25) 0.61 (0.96) —2.309 (0.040)
ARAT (score) 32.15(20.61) 34.38 (20.94) 2.23(3.78) —2.123 (0.055)
BBT (score) 12.23 (8.51) 14.00 (9.49) 1.76 (1.92) —3.320 (0.006)

Values are presented as mean (SD).

FMA-UE total: Fugl-Meyer Assessment of Upper Extremity motor function domains, ARAT: Action Research Arm Test, BBT: Box and Block

Test.
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tance force, significant improvement was observed in the
FMA and BBT (FMA: 42.15 to 46.23, BBT: 12.23 to 14.00,
p<0.05, Figure 3). In particular, significant improvement
was observed in upper extremity and coordination/speed
units as seen in the subscore analysis of the FMA for upper
extremity motor function domains (upper extremity unit:
24.84 to 27.23, coordination/speed unit: 3.30 to 3.92,
p<0.05, Table 2 and Figure 4). However, there were no sig-
nificant differences in the ARAT.

Discussion

Stroke is a main cause of movement dysfunction and up-
per extremity functional impairments are particularly pres-
ent in >50% of stroke survivors [3]. In addition, stroke is a
risk factor associated with chronic impairment of upper limb
function, and improvement of upper limb ability is known to
provide opportunities to participate in the community [12,
13]. Thus, restoration of upper limb function is an essential
goal of stroke rehabilitation.

The present study was performed to investigate the effect
of the robot arm reach training with an assistance force on
upper extremity functional movement in stroke survivors.
After four weeks of robot arm reach training with an assis-
tance force, significant improvements in upper extremity
functional movement (FMA-UE and BBT) were observed
in stroke survivors. In stroke rehabilitation, providing ap-
propriate assistance when needed is important to induce ac-
tive participation [18]. In this study, when a subject could not
move the arm toward the target for 2 seconds, they were pro-
vided with AAN force to reach the desired targets. Through
this additional assistance force, subjects were able to main-
tain repeated reaching movements from the home position to
the target position. Thus, it is considered that an AAN force,
provided only when needed based on the user’s reach per-
formance, induced enhancements in active participation and
functional re-education. In addition, it is considered that in-
tensive repetitive reaching movements may have led to the
improvement of agility of the upper extremity.

As another interesting result, a significant improvement
was observed in upper extremity and coordination/speed
units among the FMA upper extremity motor recovery
domains. An individual analysis for distal and proximal
parts of upper limb during reaching movements is needed to
investigate the training effect [19]. Generally, rehabilitation
robots are classified into end-effector and exoskeleton types.
In particular, an end-effector robot interacts with the user

through the single distal attachment of the hand without be-
ing attached to the upper limb. Thus, it is possible to provide
free motion to the user’s upper extremity in the three-dimen-
sional space, thereby inducing coordinative movements.
The WAM used in this study is an end-effector type robot
and it was set at seven degrees of freedom for the shoulder,
elbow, and wrist joints. Thus, it is considered that the free
motion of the upper limb provided by the WAM has led to
the improvement of upper extremity and coordination/speed
items. In this study, no significant improvement was ob-
served in hand and wrist items. The participants included in
this study were chronic stroke survivors (onset duration: 12
years). Most of the participants had the WAM fixated onto
their hand using a strap during the robot arm reach training
because they were unable to perform a hand grasp at the be-
ginning of the study. For this reason, it is considered that the
robot arm reach training could not induce notable improve-
ments in hand and wrist functions.

This study has several limitations. First, since the aim of
this study was to assess whether robot arm reach training
with an assistance force could improve upper extremity
function in chronic stroke survivors, there was no separate
control group. Thus, randomized controlled trials should be
performed in the future. Second, this study included only
high-functioning persons with stroke. Thus, the results of
the current study cannot be generalized to all stroke sur-
vivors.

In conclusion, this study showed the positive effects of ro-
bot arm reach training with an assistance force on upper ex-
tremity functional movement in hemiparetic stroke survi-
vors. In particular, it was confirmed that robot arm reach
training with AAN force could positively influence the im-
provement of motor recovery of the proximal upper ex-
tremity proximal.
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