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Abstract 

After stroke, hemiplegic individuals have difficulty opening their hands by themselves due to paralysis. A finger 
extensor facilitation technique was therefore developed to increase the activity of the extensor muscle in hemiple-
gic individuals who cannot open their paralyzed hands by themselves. In our previous study, we created a training 
device prototype called the “PARKO”, that imitates the finger extensor facilitation technique; however, the activity of 
the extensor muscle using the device was much smaller than that of the finger extensor facilitation technique. In 
this study, we developed a new finger extensor facilitation training device, the “iPARKO”, to increase the activity of the 
extensor muscle during active training. We thus improved the structure of the PARKO device—including a modified 
method to apply force to the fingertips—and attached force sensors to the device to monitor these forces. To verify 
the effectiveness of the iPARKO device, we conducted active training using the device in healthy individuals. Com-
paring the results of the muscle activities between the PARKO and iPARKO devices among three healthy participants 
demonstrated that the iPARKO device increased the mean activity of the extensor muscle by 43.8%. Furthermore, the 
activity of the extensor muscle in two healthy individuals while moving the hand forward with the iPARKO device was 
84% and 96% of the maximal voluntary contraction during the hand-opening motion without the iPARKO device.

Keywords Chronic hemiplegic, Finger extensor muscle, Hand rehabilitation, Maximum voluntary contraction, Muscle 
activity, Rehabilitation device

Introduction
One of the after-effects of a stroke is a motor dysfunction 
called spasticity, a condition wherein the hands and feet 
are constantly stretched and flexed due to excessive ten-
sion in the muscles [1]. Additionally, if postural abnor-
malities due to spasticity continue for an extended period 

of time, the muscles become stiff and the movement of 
joints is restricted, resulting in a condition called con-
tracture [2]. In this state, it becomes difficult to open the 
hands, which interferes with the daily life of hemiplegic 
individuals. Therefore, it is necessary to treat spasticity 
and restore hand motor function. However, treating the 
hand of a hemiplegic individual is considered difficult, 
as the joints of the hands have 23 degrees of freedom in 
the joints of the hand [3], and is extremely complicated 
and diverse. Additionally, hand motor function is impor-
tant for instrumental activities of daily living requir-
ing detailed finger movements [4]. Therefore, defective 
hand motor function makes it difficult for hemiplegic 

*Correspondence:
Ai Nakamura
a.nakamura.274@nitech.jp
1 Department of Electrical and Mechanical Engineering, Nagoya Institute 
of Technology, Aichi, Japan
2 Department of Health Science, Shonan University of Medical Sciences, 
Kanagawa, Japan

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40648-023-00248-w&domain=pdf
http://orcid.org/0000-0001-7280-1796


Page 2 of 10Nakamura et al. ROBOMECH Journal           (2023) 10:11 

individuals to improve their quality of life and return to 
society [5].

There are currently several studies on rehabilitation 
therapy for the upper limbs, including constraint-induced 
movement therapy [6, 7], mirror therapy [8, 9], and bilat-
eral arm training [10]. Other therapies include repetitive 
facilitation exercises (RFEs) to restore the motor func-
tion of the paralyzed upper limb or hand [11]; this is 
based on the hemiplegic individual’s desire to move their 
paralyzed hand, and uses multiple sensory stimuli to 
achieve that movement. RFEs were developed by Kawa-
hira et  al. [11], and were designed to provide focused 
physical stimulation sufficient to achieve the hemiplegic 
individual’s intended movement. This stimulation was 
obtained by tapping or rubbing the muscle, stretching 
the muscles quickly and passively, or slightly resisting the 
intended movement. Restoration of hand motor function 
in hemiplegic individuals requires the repetition of vol-
untary movements via manual treatment by therapists, as 
hemiplegic individuals are unable to move their fingers 
by themselves. Therefore, RFEs can induce spontaneous 
movement and thus restore hand motor function [11].

RFEs were found to effectively reduce disability and 
improve the upper limb motor function in the subacute 
phase of stroke [12]. They also have spasticity-reducing 
effects in chronic stroke [13]. To restore hand-opening 
motor function, it is necessary to strengthen the exten-
sor muscle, i.e., the muscle that opens the hand. To 
strengthen the extensor muscle, the motion of opening 
the hand is repeated; however, hemiplegic individuals are 
often unable to open their hands. Thus, we developed a 
manual treatment method for chronic hemiplegic indi-
viduals who cannot open their hands [14], called the fin-
ger extensor facilitation technique (hereafter referred to 
as manual therapy); still, this technique does not provide 
sufficient rehabilitation therapy due to the long treatment 
period and physical burden on therapists. Therefore, 
there is a need for a device and robot that both reduces 
the physical burden on the therapist and restores the 
hand-opening motor functions in individuals with hemi-
plegia. These devices and robots may replace therapists 
even after patients are discharged from rehabilitation 
hospitals.

Several devices and robots have been developed, such 
as the AMADEO robotic system [15] and HandCARE 
[16]—which are external to the body and provide the 
necessary resistance—HANDEXOS [17], and the exo-
skeleton hand robotic training device [18], worn directly 
on the body. Others include a glove-type robot with inte-
grated pneumatic actuators and a soft exoskeleton [19], 
and single, portable, wearable soft robots [20]. Addition-
ally, a functional recovery training device that performs 
RFEs has been developed [21]; the extensor muscle is 

stretched when the fingers are bent, and when an exter-
nal force is applied, the extensor muscle contracts to 
protect the fingers. This is the mechanism of the stretch 
reflex that strengthens the extensor muscle of fingers; 
however, few devices can strengthen the extensor mus-
cles of hemiplegic fingers.

Similarly, we developed a training device called the 
“PARKO” to imitate manual therapy, and verified its 
effectiveness in healthy individuals and one hemiplegic 
individual [22]. Still, the PARKO device was not accu-
rate enough to imitate manual therapy. This device had 
a lower extensor muscle activity than manual therapy—
meaning that the muscle was not sufficiently trained—
and was unsuitable for the recovery of hand motor 
function. The PARKO device only has one component 
to secure the fingers, leading to an inability to accommo-
date differences between individual fingers. Preliminary 
experiments have shown that the sum of the force applied 
to each fingertip is proportional to the muscle activity of 
extensor muscle. To increase muscle activity, the force 
applied to each fingertip must be uniform within the 
tolerance limit. Therefore, it is required to individually 
secure the fingers and adjust the force applied to finger-
tips using a new device.

In this study, we developed a novel finger extensor 
facilitation training device (iPARKO) that solves the 
problem of low extensor muscle activity. We verified the 
effectiveness of the iPARKO device in healthy individu-
als before applying it to chronic hemiplegic individuals. 
Specifically, we compared the activity of extensor muscle 
between the PARKO and iPARKO devices. We also com-
pared the activity of the extensor muscle of the iPARKO 
device with that of maximum voluntary contraction 
(MVC) [23] when opening the hand. The extensor muscle 
activity using the iPARKO device was evaluated in regard 
to MVC.

Materials and methods
Finger extensor facilitation technique
The finger extensor facilitation technique (or manual 
therapy) we used is shown in Fig.  1. To strengthen the 
extensor muscle in healthy individuals, the hand-opening 
motion is repeated with load to the muscle. However, 
since hemiplegic individuals are unable to open their 
hand, it is necessary to train the extensor muscle using a 
motion different to opening the hand.

In rehabilitation after a stroke, it is generally consid-
ered effective to increase muscle activity, but not spastic-
ity, through muscle strengthening exercises [24]. To this 
end, it is necessary to avoid increasing abnormal muscle 
tone and spasticity in the antagonist flexor muscles when 
training the extensor muscles of hemiplegic individuals. 
Manual therapy is one way to train the extensor muscle 
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of hemiplegic individuals, and until then, no significant 
recovery of extension function is obtained with severely 
paralyzed hands. Thus, we developed a new method 
to restore hand motor function to open the hands of 
severely hemiplegic individuals while avoiding increas-
ing abnormal muscle tone and spasticity in the antagonist 
flexor muscles.

Manual therapy has provided satisfactory results for 
severely hemiplegic individuals [25]. Therein, the thera-
pist keeps four fingertips of the hemiplegic individual’s 
paralyzed hand in hyperextension, excluding the thumb; 
when the hemiplegic individual moves their hand for-
ward, the therapist applies the appropriate resistance 
to their fingertips. This resistance increases the activity 
of the extensor muscle, while the activity of the flexor 
muscle can be reduced because the fingertips are kept in 
hyperextension. Repeating this training—which applies 
the physiological contraction mechanism of muscles—
improves the strength of the extensor muscle. When the 
fingers are kept in hyperextension, there is no freedom 
in the direction of a finger flexion; only the muscle in 
the direction of a finger extension can be contracted. By 
applying a force to the fingertips in that state, the activ-
ity of the extensor muscle can be increased, verifying the 
reduction of spasticity and effectiveness in hemiplegic 
individuals [26].

Manual therapy can be used to open the hand in two 
to three minutes [25], and although at least one hour of 
training per day is required to maintain the therapeu-
tic effect until the next day, the maximum training time 
without breaks by the therapist is approximately ten min-
utes. Thus, several therapists can take turns conducting 
training (which is a physical burden).

Development of iPARKO
The goal of developing the new iPARKO device was 
to increase the extensor muscle activity during train-
ing with the new device, compared with the old PARKO 
device. During manual therapy, the therapist holds four 

of the hemiplegic individual’s fingers together (exclud-
ing the thumb), and applies force to each fingertip. 
Conversely, when using the PARKO device, the force is 
applied using a brace that fixes the four fingers together; 
however, it was unclear whether the appropriate force is 
applied to each fingertip. Additionally, it is considered 
that the method of applying force is insufficient, as it 
does not correspond with the difference in finger length 
and individual differences. Therefore, the iPARKO device 
adopted a slide mechanism that changes the position of 
the pressing plate for each fingertip, making it possible to 
measure the fingertip force; thereby, it responds to indi-
vidual differences by adjusting the fingertip force. We 
thus expect that the activity of the extensor muscle will 
improve when using the iPARKO device compared with 
the PARKO device.

Figure 2 shows the iPARKO device, while the configu-
ration diagrams of the PARKO and iPARKO devices are 
shown in Fig.  3. Compared to the PARKO device, the 
new parts and sensors added to the iPARKO device are 
marked with asterisk (*) in Fig.  3. Furthermore, Table  1 
compares the functions of the PARKO and iPARKO 
devices. Training with the iPARKO device is shown in 
Fig. 4. Both devices comprise training, biofeedback, and 
data acquisition components.

Training component
The training component of the PARKO device was 
designed to fix the index, middle, ring, and little fingers 
together. Participants applied force by pressing their 
fingertips against an arc-shaped plate; therefore, the 
PARKO device could not evenly apply the force to each 
finger. Moreover, it could not always maintain the fingers 
in hyperextension. Thus, to improve the accuracy of imi-
tating manual therapy in the iPARKO device, we estab-
lished the following specifications:

Fig. 1 Finger extensor facilitation technique

Fig. 2 iPARKO finger extensor facilitation training device
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1) To evenly apply the force to four fingertips of differ-
ent lengths.

2) To maintain the four fingers in hyperextension. 
Moreover, to ensure safety and prevent injuries 
caused by the fingertips over-pressing, investigate 
therapeutic effects, and utilize the biofeedback sys-
tem, the following specifications were added:

3) To measure the force applied to the four fingertips 
and the hand during training.

Figure  5 shows the training component, comprising 
finger-fixing, hand-moving, and resistance-providing 
parts.

Finger‑fixing part The finger-fixing part, made of four 
aluminum frames, is shown in Fig. 6. The size of the alu-
minum frames was 100 mm in length, and 20 mm in width 
and height. A pressing plate equipped with a rubber band 
was attached to each aluminum frame to fix the finger-

Fig. 3 Configuration diagram of the PARKO and iPARKO devices. *Denotes newly added parts in the iPARKO

Table 1 Comparison of PARKO and iPARKO device functions

The functions of PARKO and iPARKO devices are compared. As such, iPARKO 
device, unlike PARKO device, is equipped with the adjustment to secure 
each fingertip, the measurement of the force applied to each fingertip, and 
the measurement of hand force. Both PARKO and iPARKO devices contain 
information on the biofeedback of extensor/flexor muscles

PARKO iPARKO

Adjustment to secure each fingertip Not equipped Equipped

Measurement of the force applied to each 
fingertip

Not equipped Equipped

Measurement of hand force Not equipped Equipped

Biofeedback of extensor/flexor muscles Equipped Equipped

Fig. 4 Training with the iPARKO device

Fig. 5 Training component in the iPARKO device

Fig. 6 Finger-fixing and resistance-providing part of the iPARKO 
device
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tips, which could be individually moved back and forth. 
Each finger was fixed to the pressing part using the finger 
sack shown in Fig.  7, which kept the finger in hyperex-
tension; thus, specification (2) was satisfied. In addition, 
during training, the angles of the metacarpal phalangeal 
(MP) and proximal interphalangeal (PIP) joints are set to 
the participant’s passive range of motion (P-ROM) and 0 
degree, respectively. The angle of the distal interphalan-
geal (DIP) joint is 1 to 2 degrees since the participant 
is wearing a finger sack. P-ROM refers to the range of 
motion when a therapist physically moves or stretches a 
part of the participant’s body.

Hand‑moving part The hand-moving part comprised 
a slide rail (FBW3590XRUU + 300L; THK CO., LTD., 
Tokyo, Japan), 6-axis force/torque sensor (FFS055F251M-
8R0A6S; Leptrino Inc., Nagano, Japan), and angle-chang-
ing slope. The slide rail could be moved back and forth as 
shown by the arrow in Fig. 4, and provided support allow-
ing hemiplegic individuals to smoothly push their hands 
forward. The 6-axis force/torque sensor was attached to 
the base of the slide rail, and the angle-changing slope 
was attached to the 6-axis force/torque sensor. This sen-
sor could measure the force applied to the hand, allowing 
for analysis of the direction of the force that increases the 
activity of the extensor muscle; this part is a new feature 
of the iPARKO device.

We found that hemiplegic individuals increase the 
activity of the extensor muscle by pushing their hands 
forward while simultaneously applying downward force 
[27]. The angle-changing slope was used to change the 
metacarpophalangeal joint angle of the participant, which 
could be changed in 1-degree increments by insert-
ing Styrofoam between the plate of the angle-changing 
slope. Additionally, a nonslip sheet was attached to the 
slope, and a Velcro belt was attached to fix the meta-
carpophalangeal joint of the hand. Specification (3) was 
satisfied by attaching the load cell to the resistance-pro-
viding part, and the 6-axis force/torque sensor to the 
hand-moving part. During experimentation, the iPARKO 

device’s load cell and 6-axis force/torque sensor were not 
used for data analysis.

Resistance‑providing part The resistance-providing 
part comprised four position-adjustment plates, four 
springs, and four load cells (LCL020; Pacific Technology 
Corp., Tokyo, Japan). Each spring was attached to the 
opposite side of the pressing plate to which the fingertip 
was attached; the spring constant was 1.177N/mm, and 
the amount of deformation during training was within 
approximately 10 mm. The introduction of a spring facil-
itates the adjustment of the force to the fingertip when 
securing the finger to the iPARKO device. The following 
procedure is used to even out the force applied to the fin-
gertips. First, the finger is secured with rubber bands so 
that the finger sack is in contact with the pressing plate. 
Next, the force applied to the fingertip is adjusted by mov-
ing the position-adjustment plate, and when the target 
force is reached, the position-adjustment plate is fixed. 
Similarly, the position of the position-adjustment plate of 
the other fingers is adjusted. As a result, the force applied 
to the fingertip when pushing the spring can be made uni-
form. By introducing a spring with moderate stiffness, it 
is possible to fine-tune the position of the position-adjust-
ment plate, making it easier to set the target force. There-
fore, the spring is useful in adjusting the force applied 
to the fingertip. The rigidity of the spring was chosen 
through trial and error, based on the following conditions: 
the force to the fingertip should be adjustable, the finger 
should be stable and fixed, and a 10 mm forward move-
ment should be possible.

A position-adjustment plate was attached to each alu-
minum frame, and a load cell was set between the spring 
and position-adjustment plate. In preliminary experi-
ments on healthy individuals, the maximum force on the 
fingertips was determined to be about 50N. Therefore, a 
load cell with a range of 90N was selected.

The load cell measures the force applied by each finger-
tip, and the force applied to the four fingertips could be 
adjusted by the position-adjustment plate; thus, speci-
fication (1) was satisfied. Additionally, by observing the 
force applied to the fingertips with a monitor, it was pos-
sible to prevent injuries caused by over-pressing; there-
fore, specification (3) was satisfied.

Biofeedback component
When using the PARKO device, the electromyography 
(EMG) signals of the extensor and flexor muscles are dis-
played on the monitor as participant’s biofeedback. To 
increase the therapeutic effect, it is necessary to increase 
the activity of the extensor muscle during training. In 
EMG biofeedback, the participant adjusts the move-
ment of the hand so that the EMG signals of the extensor Fig. 7 Finger sack
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muscle increase during training. The iPARKO device 
simultaneously measures the force applied to the finger-
tip and hand, displaying the force applied to only the fin-
gertip on the monitor screen.

By observing the activity of the muscles and the force 
applied to the fingertips during training, the participant 
may be able to increase the activity of the extensor mus-
cle. Moreover, the participant can prevent injuries caused 
by over-pressing. This is our proposed biofeedback sys-
tem, and thus far, the effects of training and biofeedback 
on the lower limbs of hemiplegic inidividuals have been 
tested [28, 29]. Figure 8 presents an image of the monitor 
screen.

Data acquisition component
The data acquisition component comprises myoelec-
tric sensors, four load cells, and a 6-axis force/torque 
sensor, data acquisition device, and personal computer. 
When using the iPARKO device, data acquisition sys-
tems (USB6211; National Instruments Corp., Austin, TX, 
USA) were used for data collection. By using data acqui-
sition systems, we were able to design the display screen, 

making it easier for both the hemiplegic individual and 
therapist to see the EMG signals and forces.

Validation experiments
Purpose of the experiments
To verify the effect of training with the iPARKO device, 
two experiments were conducted.

1) First, we compared the activity of the extensor during 
training with the iPARKO and PARKO devices.

2) Second, we evaluated the activity of the extensor 
muscle during training with the iPARKO device 
using the rate of MVC (denoted as %MVC), and clar-
ified its relationship with fingertip forces.

EMG signals are generally normalized in relation to 
MVC as the reference amplitude [23]. When the iPARKO 
device is used in hemiplegic individuals, it is desirable to 
have high and low activities in the extensor and flexor 
muscles, respectively, to reduce the appearance of spas-
ticity in the flexor muscle. Therefore, both the extensor 
and flexor muscles should be considered in hemiplegic 
individuals. However, since the subjects were healthy 

Fig. 8 Monitor for the iPARKO device
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individuals in this study, only the activity of the extensor 
muscle was compared.

Experimental  
The higher the performance of the device that increases 
the activity of the extensor muscle, the higher the thera-
peutic effect of training. Experiment 1 was intended for 
three healthy individuals, while experiment 2 was con-
ducted on a different day in two healthy individuals who 
had participated in experiment 1 and provided consent. 
Information on the individuals is shown in Table  2; all 
participants’ dominant hands were the right hand, and no 
medical histories were reported.

As shown in Fig. 4, the participant maintained a sitting 
position with their elbow resting on the upper limb stand; 
the training component of the iPARKO device was placed 
on the left side of the participant’s body. The participants’ 
knee was fixed at 90 degrees of flexion, and the ankle at 
0 degrees. They were instructed to maintain a posture 
with no elevation angle so that the left and right shoul-
ders were parallel to the ground, with the back straight; 
while the participant maintained this posture, the experi-
menter attached the iPARKO device to the participant. 
The monitor was placed in front of the participant and 
adjusted to a height where they could easily see the moni-
tor with their back straight.

The experimenter then attached a finger sack to each 
of the participant’s fingers, and attached them to the 
pressing plate of the finger-fixing part. The experimenter 
adjusted each position-adjustment plate so that the force 
to each fingertip was evenly applied, while observing the 
applied forces on the monitor screen. Next, the experi-
menter placed the participant’s hand in a hyperextended 
state and fixed it to the hand-moving part; the hand was 
fixed to the angle-changing slope of the hand-moving 
part using a Velcro belt between the metacarpophalan-
geal joint and wrist joint. The experiment was conducted 
on the left hand (nondominant hand) in all participants.

Experiment 1 was performed in the following order: 
measurement using the PARKO device, a 3-min break, 
and measurement using the iPARKO device. During the 
experiment, the activity of the extensor and flexor mus-
cles were measured by two myoelectric sensors. A total 
of 10 trials were performed in each participant; each 

lasted 4 s, and involved pushing the spring-loaded press-
ing plate for 2 s, and weakening for 2 s. When measuring 
using either device, the fingertip force was assumed to be 
the participant’s own maximum force.

Experiment 2 was performed in the following order: 
MVC measurement, a 3-min break, and measurement 
using the iPARKO device (measured as described in 
Experiment 1). During MVC measurement, the activity 
of the extensor muscle was assessed when the participant 
opened their hand force for 2 s with the maximum force, 
as shown in Fig. 9. The activity of muscles was normal-
ized using the absolute mean value of the EMG signal 
during MVC measurement. Evaluation of muscle activ-
ity during training with the iPARKO device by %MVC 
was performed in Participants No. 1 and 2; additionally, 
we measured the force applied to the fingertip during 
training.

In both experiments, a metronome announced the tim-
ing at 2  s intervals. The sampling interval for the meas-
urements was 0.001 s.

Results and discussion
The full-wave rectified waveform of the EMG signal for 
the extensor muscle of Participant No. 3 is shown in 
Fig. 10 as an example. Compared with the resting state, 
the EMG signal was found to increase when force was 

Table 2 Information of the three participants

The sex, age, and dominant hand of the three healthy individuals are shown

Participant No. Sex Age Dominant 
hand

1 M 26 R

2 F 21 R

3 F 26 R

Fig. 9 Opening hand at maximum voluntary contraction

Fig. 10 Raw waveform of the activity of the extensor muscle in 
Participant No. 3
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applied to the fingertips. The absolute mean value of the 
EMG signal was calculated every 2 s when the force was 
applied to the fingertips, and the mean value was then 
calculated to determine the absolute mean value of 10 
trials. The mean value was defined as the muscle activity 
during training.

The activity of the extensor muscle using the PARKO 
and iPARKO devices are shown in Figs. 11; this figure also 
show the standard deviation error bars. Figure 11 shows 
that the extensor muscle activity increased by 35.7%, 
2.6%, and 44.5% using the iPARKO device compared to 
that observed using the PARKO device in the three par-
ticipants, respectively. For Participants No. 1 and 3, t-test 
results showed significant differences (*p < 0.05) and sig-
nificant trends (†p < 0.1) between muscle activity when 
using the PARKO and iPARKO devices. In Participant 
No.2, the mean muscle activity of the extensor muscles 
with the PARKO and iPARKO devices was almost identi-
cal. One possible reason for this is that the four finger-
tips were already equally applied a force by the PARKO 
device. Since the PARKO device does not have a sensor 
to measure the force of the fingertip, we considered this 
a reasonable possibility based on interviews with the 
participants. The rates of change in muscle activity for 
the iPARKO device with respect to those of the PARKO 
device are shown in Table 3. The mean increase rate for 
the activity of the extensor muscle among all three par-
ticipants was 43.8%.

The %MVC of the extensor muscle in two participants 
when using the iPARKO device are shown in Fig.  12, 
revealing that the activities of the extensor muscles 
were 84% and 96%. The mean and standard deviation of 
the reaction forces acting on the four fingertips of Par-
ticipants No. 1 and 2 were 10.9 ± 3.43 N and 6.37 ± 1.67 
N, respectively. Therefore, it was confirmed that 84% 
and 96% of the muscle activity during the hand-opening 
motion can be obtained by applying the appropriate force 

to the fingertips using the iPARKO device, even if the 
hand-opening motion is not used.

This study has some limitations. The iPARKO device 
was applied to healthy individuals; however, hemiplegic 
individuals have hand paralysis. Therefore, it is possi-
ble that the application of the iPARKO device is insuffi-
cient, highlighting the need for a new brace to secure the 
iPARKO device in hemiplegic individuals.

In addition, a comparative experiment is required on 
the muscle activity between training with the iPARKO 
device and the manual therapy. The muscle activity with 

Fig. 11 Mean value of the activity of the extensor muscle in healthy individuals

Table 3 Increase in the extensor muscle activity when using the 
iPARKO device

The activity rates of the extensor muscle increased after using the iPARKO device 
in all three participants (59.1%, 7.1%, and 65.3%, respectively)

Participant No. Increase in the activity rate 
of the extensor muscle [%]

1 59.1

2 7.1

3 65.3

Mean ± SD 43.8 ± 32.0

Fig. 12 Rate of maximum voluntary contraction of the extensor 
muscle when using the iPARKO device
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the iPARKO device should be equivalent or close to that 
of the manual therapy.

Conclusions
In summary, we developed a new finger extensor facilita-
tion training device, the iPARKO, and validated its effec-
tiveness in healthy individuals. From the verification, we 
found that the iPARKO device improved the accuracy 
of imitating manual therapy, exhibiting greater extensor 
muscle activity than the PARKO device.

In the future, we aim to use the iPARKO device in 
chronic hemiplegic individuals; the device will then be 
modified to accommodate the hemiplegic individual’s 
paralysis. To this end, we plan to develop braces securing 
fingers and wrist for hemiplegic individuals in accord-
ance with their disability. If the hemiplegic individuals 
have spasticity, fixation may be difficult. In such cases, 
the iPARKO device will be used after stretching and other 
techniques to reduce spasticity. Furthermore, we plan to 
compare the iPARKO device with the finger extensor 
facilitation technique. Second, we will utilize our newly 
installed load cells and 6-axis force/torque sensor to find 
a training method that increases the activity of the exten-
sor muscle in hemiplegic individuals. We also plan to 
develop a support system to help therapists design reha-
bilitation programs suitable for various paralyses in this 
population.

Abbreviations
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