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ABSTRACT

Background: Patients with experienced stroke have suffered from long-term dis-
ability, especially in their distal upper extremities. Physiotherapy programs are con-
sidered a proper treatment to overcome the complications caused by stroke. The use of
robots in physiotherapy is also considered a newfound procedure as an alternative to
conventional methods.

Objective: This study aimed to describe a feasibility test on a physiotherapy robot
and evaluate the efficacy of the proposed device.

Material and Methods: In this experimental study, a 4-degrees-of-freedom
robot was designed and fabricated for hand physiotherapy, which was tested on 17 and
4 post-strokes in the passive and active modes for the best efficiency. Additionally, the
patient’s hand spasticity was measured according to the Modified Ashworth Scale pre-
and post-usage of the device.

Results: A total of 12 of 17 individuals could do the exercises and follow the in-
structions without any problem, and 8 of 12 individuals had a decrease in their spastic-
ity. All 4 patients in active-assisted mode could fulfill the activity.

Conclusion: Physiotherapy based on a robot-assisted is considered a promising
method with effective treatments for post-stroke patients, which can be a good alterna-
tive to routine methods of physiotherapy. However, more tests are needed to determine
the rate of functions’ restoration.
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Introduction
troke is considered the third leading cause of death with long-
term disability [1]. However, most of the stroke survivors have
suffered from disability in their distal upper extremities [2], they
do physiotherapy exercises, more than a third of individuals with the
same stroke, who do not have strong and functional hands after a year.
Moreover, no significant improvement is observed 6 to 8 months after
the stroke, and limited treatment is known for hand weakness in patients
with chronic stroke [3]. A follow-up study showed that only 6% of sur-
vivors were satisfied with their hands’ functions 4 years after stroke [4].
Physiotherapy exercises are considered the most important approach
to restoring hand functions [5] since the conventional methods of
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physiotherapy have some drawbacks, as fol-
lows: 1) the therapist needs to do many physi-
cal works, leading to fatigue and lack of care-
fulness in training the patients, 2) patients
also become tired due to repetitive exercises,
resulting in stopping treatment, and 3) a long
time is needed for the patient’s recovery, lead-
ing to increased treatment costs [6-8]. Dif-
ferent designed robots fabricated performing
physiotherapy exercises on the hand, consid-
ered exoskeleton, such as soft exoskeleton ro-
botic systems [9], Multi-Sensorial Immersive
Dynamic Autonomous Systems (MIDAS)
[10], and Hand Exoskeleton for Rehabilitation
Objectives (HERO) [11]. In this field, other
categories also work on devices with passive
movements, such as a portable exoskeleton
[12], a multi degree of freedom device for fin-
gers [13], SPO (Script Passive Orthosis) [14],
and an interactive rehabilitation robot [15],
mostly fabricated for finger rehabilitation,
including café [16], assist-on-fingers [17],
ExoSkeleton for Index Finger [18], and IOTA
(Isolated Orthosis for Thumb Actuation) [19].

Despite the variety of these robots, they are
not completely used in clinical applications.
This paper aimed to describe a feasibility test
performed by a desktop-mounted device, de-
signed, and fabricated based on clinical obser-
vations, leading to the training movements on
the wrist and fingers. A feasibility test was per-
formed in the two passive and active modes to

show the effect on clinical usage for the post-
stroke patients in the third stage of Brunnstrom
evaluation, i.e., spasticity is the most severe.

Material and Methods

In this experimental study, the feasibility
test was conducted by the proposed desktop-
mounted device, provided with the main four
mechano-therapy movements, including pas-
sive, active-assisted, active, and active-resist-
ed. The proposed desktop-mounted device is
introduced with a simple mechanical structure
and used for the wrist and four fingers for both
hands with 4 degrees of freedom by using just
one actuator. The device is designed to cover
deformed hands with different degrees of spas-
ticity and is also capable of changing the size
and thickness of the fingers. Therefore, the test
was done in the passive mode. For the active
modes, the tests were performed on healthy in-
dividuals and patients with a lower degree of
spasticity.

Physiotherapy Observations

Clinical needs were first assessed to identify
the stroke impairments. Physiotherapy exer-
cises on the hand and wrist were carefully ob-
served to assess the needs of both therapists
and patients. Also, the therapeutic movements
were selected based on the therapist and the
patient’s needs. Figure 1 shows different types
of task-oriented physical-therapy movements,

Figure 1: Different task-oriented physiotherapy movements
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mostly utilized to open the wrist, and fingers
were exerted on the hand. The therapist even
had to stop his therapeutic activity and perform
the operation of opening and stretching on the
forearm and hand. Therefore, the spasticity
of the flexor muscles was the main cause of
disability in affected hands due to keeping the
wrist and fingers flexed. Therefore, the desired
device should be capable of exerting flexion-
extension-tension on the wrist and fingers due
to the therapists’ and patients’ needs.

Device Specifications

The functional requirements resulted from
physiotherapy observations, which led to the
construction of the device. Some sketches
were then depicted in SolidWorks 2015 (Das-
sault-Systems, France, 1995). The final design
was selected after examining the strengths
and weaknesses of each design. Some criteria
were considered to select the best design, as
follows: 1) flexion-extension movements for
wrist and fingers, 2) stretching movement on
the flexor muscle, for spasticity reduction, 3)
simple structure of the robot for easy usage, 4)
use for both right, left, and adjustable hands
for different finger sizes and thickness.

The desired model contains 4 DoFs, run by
just one actuator. The four fingers are locat-
ed in a cover, used for both the right and left

hand, and provided with a linear movement
in the direction of bi-lateral linear guides and
wagons, accompanied by a rotation about its
longitude axis. Furthermore, the robot struc-
ture contains another rotational movement
around the axis perpendicular to the palm.
A Direct Current (DC) motor is provided to
rotate the whole cover-linear guides set. The
power transmission of the system is the lin-
ear guides and wagon, connected to the cover
on both sides by two shafts. The forearm was
also placed on a 30-degree stand and fastened
by straps to avoid displacement. The driv-
ing unit is comprised of a DC motor (Maxon,
118755, Switzerland), a position controller
(Maxon, Encoder MR type ML), a power sup-
ply (QUINT-PS/10-2866763), and an ampli-
fier (Dynamic strain Amplifier, DN-AM100
DACELL, South Korea). In addition, the ro-
bot was equipped with a force sensor (Load-
cell Zemic 1-S-B, Netherlands) to control the
force exerted on the hand. A calibration was
performed on the loadcell to ensure that the
loadcell performs in a linear range. An encod-
er was attached to the DC motor to control the
position of the robotic arm. For safety consid-
erations, an emergency stop and an emergency
button were provided, which could disable the
device for any problems (Figure 2).

13

Figure 2: The robot platform 1: Encoder, 2: Direct-Current motor, 3: Reduction gearbox,
4: coupling mechanism, 5: Linear Guide, 6: Amplifier, 7: Position controller, 8: power supply,
9: loadcell, 10: Ball bearing, 11: mechanical structures, 12: Emergency stop, 13: Handset, 14:

Emergency stop button
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Control Procedure

The control system for the robot was pro-
grammed to produce all physiotherapy move-
ments, including passive, active, active-as-
sisted, and active resisted. The graphical user
interface was created by C# in the visual stu-
dio program, (Microsoft Cooperation, Wash-
ington, United States). In the passive mode,
the patient cannot move the robotic arm.
Therefore, the device would exert the given
movement on the wrist and hand. In active-
assisted movement, the patient is capable of
changing the robotic arm slightly, and the ro-
bot can detect this motion and help the patient
to complete the motion. In the active mode,
the patient moves the robotic arm without any
contribution from the robot. Finally, the robot
senses the patients’ light motion and exerts
a resistive force in the opposite direction of
movement in the active-resisted mode, lead-
ing to overcoming the resistive force and com-
pleting the motion by the patients. The motion
mode is selected based on the severity degree
of the impairment.

Possible problems and issues should be
identified in the robot since designing and fab-
rication of this robot aimed to have practical
usage in treatment centers. Therefore, a ques-
tionnaire was designed to reflect the therapists’
opinions during the use of the robot since the

Table 1: The questionnaire filled by therapists

Questions

therapists filled them out during performing
the clinical tests. This questionnaire consisted
of two sections, as follows: 1) questions about
the ease of setting up the device in terms of
hardware and software and 2) clinical ques-
tions about the proper physiological param-
eters, set on the graphical user interface, such
as velocity, force, and tension time. The an-
swers were classified into three levels, excel-
lent, good, and weak. The therapists declared
that the HandRoboHab was easily connected
to a computer, and its software run without
any problem. The adjustable clinical parame-
ters were reasonable for stroke patients in any
condition (Table 1).

Feasibility Test

Feasibility tests were conducted in the main
modes: passive and active to show the usabil-
ity of the proposed device. For this purpose,
the loadcell calibration was first done.

The loadcell was placed in the force-gauge
and imposed on the loadcell from the initial
value of 0 in 5 N steps to a maximum value
of 50 N to obtain the corresponding values
(Figure 3).

The output voltage was recorded by EP-
OSE STUDIO software in terms of the torque
imposed on the loadcell at each force exer-
tion with the corresponding diagram. This

Therapist1 Therapist2 Therapist3 Therapist4

Device appearance

The ease of connecting the device to the computer
The ease of running the software

Appropriate settings in graphical user interface

The ease of hand placement in the finger cover

The ease of fixing digit supporter

The efficiency of the device

Appropriate modes of movement

Therapist labor reduction

Suitable for replacement with the traditional methods

Excellent Excellent Excellent Excellent
Excellent Excellent Excellent Excellent
Excellent Excellent Excellent Excellent
Excellent Excellent Excellent Excellent
Good Good Good Good
Good Good Good Good
Excellent Good Excellent Good
Excellent Excellent Excellent Excellent
Excellent Excellent Excellent Excellent
Excellent Excellent Excellent Excellent
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Figure 3: Loadcell calibration in force-gauge

procedure was completed in the two directions
of force imposing, and the diagrams were de-
picted. Equation 1 shows the relationship be-
tween the imposed torque and the output volt-
age in the real direction of force exertion to the
loadcell, (Figure 4).

7=0.0036V-0.9761 (1)

The intended equation for the opposite di-
rection of force imposing is written in (2),
Figure 5.

1=-0.0036V+0.7349 (2)

In Equations (1) and (2), the 7 is the imposed
torque and V is the voltage corresponding to
the torque.

The device was tested on 10 healthy indi-
viduals to understand possible software and
hardware problems before testing the device
on patients. These healthy individuals were
practiced in all available modes with both

right and left hands, and no serious problems
were observed.

The device was tested on 10 healthy indi-
viduals to understand possible software and
hardware problems before testing the device
on patients. These healthy individuals were
practiced in all available modes with both
right and left hands, and no serious problems
were observed.

The device was also tested on the cases with
the most severe amount of spasticity for better
evaluation of the device’s performance, safety,
and clinical usability. Therefore, the patients,
who were in the third stage of Brunnstrom,
were selected for the passive mode test as
they could not do the exercises actively. In
this stage, the spasticity is maximum, and
most of the patients refer to treatment cen-
ters. A recruitment criterion was prepared to

J Biomed Phys Eng 2024; 14(5)
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determine the excluded subjects. The patients
with flaccid hands and cognitive problems
were excluded, and 17 individuals finally par-
ticipated in the passive mode test, i.e., 10 and
7 individuals were left- and right-side affected
cases, respectively. All patients did the exer-
cises in 8 sessions, and individuals, who failed
to work in the first session, could not continue

Torque N.m)
o = wm o

LS

Down-Direction

this process. The duration of training was de-
pendent on the individual’s strength. The test
procedure was done after connecting the com-
puter to the robot and running the software so
that the patient sat on the back of the device
with his elbow on the bottom strap, and the
top strap was used to fix the wrist. An elastic
cable was embedded to support the palm. The
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Figure 4: Diagrams of the calibrating loadcell in its real direction of force imposing
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Figure 5: Diagrams of the calibrating loadcell in the opposite direction of force imposing
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fingers would be placed inside the cover and
fixed according to the length and thickness of
the fingers (Figure 6).

The Modified Ashworth scale (MAS) was
measured before and after the training to
identify the rate of therapeutic effect. Table 2
shows the specifications of the patients who
participated in the passive mode, accompanied
by the result of the test.

The patients with less spasticity were re-
cruited for the active test. A total of 3 and 1
left- and right-side affected individuals were
selected to train with Hand RoboHab in the
active-assisted mode. The most important fea-
ture of the robot is the weight compensation
of the robot arm in the active modes, show-
ing the weight of the robot should not be im-
posed on the hand to have the easy-movement
arm. Table 3 shows the case specifications in
active-assisted mode.

Figure 6: The setup of the test, 1) hand stand,
2) bottom strap, 3) top strap, 4) elastic cable,
and 5) fingers cover

Table 2: The patients’ specifications for passive test

Subjects Affected-side Sex

Modified Ashworth Modified Ashworth
Scale before training Scale after training

Age Test result

1 Left F 42 failed

2 Left F 50 succeed
3 Left F 70 succeed
4 Left M 21 succeed
5 Left M 54 succeed
6 Left F 42 succeed
7 Left M 40 succeed
8 Left M 55 failed

9 Left M 60 failed

10 Left F 52 succeed
11 Right F 40 succeed
12 Right F 50 succeed
13 Right M 56 succeed
14 Right M 48 failed

15 Right F 39 failed

16 Right M 45 succeed
17 Right F 57 succeed

W W W w s W

B R N LR R N R T R~~~ S R ~ N~
1
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Table 3: Patients’ specifications for active-
assisted test

. Affected- Training
Subjects . Sex Age
side set
1 Left F 52 2 set
2 Left F 43 3 set
3 Left M 55 1set
4 Right M 47 2 set
Results

A total of 7 of 10 left-side and 5 of 7 right-
side affected patients could follow the instruc-
tions and be trained with the device without
any problem. The other cases, which failed,
faced physiological problems, such as wrist
stiffness and pain in the shoulder. Also, 8 of 12
patients, who were successful in training with
the robot, showed a decrease in Modified Ash-
worth Scale (MAS), i.e., their hand spasticity
reduced to some extent, as shown in Table 1.

All these 4 patients of the active-assisted
mode test could do the exercises without any
problems and confirmed that they did not feel
the robot arm weight. The number of train-
ing sets is dependent on the individual’s hand
strength. In this mode, the margin was adjust-
able as a special location in the workspace, in
which the robot started to apply force to the
hand.

Discussion

Brain traumas, such as stroke affect the body,
including loss of hand function, and physical
therapy is employed to restore hand function.
Physiotherapy robots are designed and fabri-
cated to have repetitive and regular training
[20]. Despite the variety of these models, they
have not been widely used in treatment centers
due to ignoring the needs of both therapists
and patients. In this paper, a feasibility test,
performed by a robotic device HandRoboHab,
is described to show its efficacy and usability

in physical therapy centers. The robot con-
tains 4 degrees of freedom based on clinical
observation, in which the optimal therapeutic
movement is selected. This is a simply struc-
tured robot with the ability to perform four
mechano-therapy movements to the fingers
and wrist, passive, active, active-assisted, and
active-resisted. The average length and thick-
ness of fingers knuckles in [21] were used in
software-design phase, which made the device
usable for a wide range of patients. Thus, the
robot is adjustable for different finger sizes.
Unlike previous robots that could only be
used for one finger, or one hand [16, 17], this
robot can be used for both hands, due to the
hand cover design. The structure of the robot
is very simple, in which only one actuator was
employed to run the four degrees of freedom.
This feature is less common in similar robots
since one actuator should be provided at least
for every degree of freedom.

Based on the obtained results, most of the
patients with severe spasticity could do the
robot-assisted physiotherapy since the robot-
assisted training affects rehabilitation of the
distal upper limbs, i.e., the proposed device is
well-adjustable for different finger sizes. Fur-
thermore, a relatively wide group of patients
with different degrees of spasticity could par-
ticipate in the test, showing that this device is
proper for any neuro-muscular disorders with
different complications. Further, all patients
became more emotionally motivated to contin-
ue the treatment process. The robot had thera-
peutic effects on the patients, due to a relative
reduction in spasticity rate. On the other hand,
the therapists were surveyed about the ease of
using the device, via a questionnaire, and they
all claimed that manipulation of the robot was
easy with software and hardware. Besides,
the items, such as the velocity of the robotic
arm and stretching time were appropriate for
a vast range of patients, showing the device
could eliminate the difficulties in conventional
physiotherapies, such as the labor job of the
therapists. The robot-assisted physiotherapy
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can produce repetitive and exact movements
on the hands without any limitations.

Conclusion

The current study aimed to evaluate the effi-
cacy of a physiotherapy robotic system on the
recovery of motor deficiencies caused by brain
trauma. The preliminary findings showed that
employing the device is easy in terms of soft-
ware and hardware. The most significant re-
sult indicated that this robotic physiotherapy
system was capable of improving the hands’
functions to some extent. Further experimen-
tal investigations are needed to show more
improvements in the damaged hands based on
Fugl-Meyer or ARAT assessment.
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