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ABSTRACT: The recovery of hand function in chronic stroke survivors is challenging because of finger 
complexity and post-stroke spasticity. This study developed iPARKO-2, a novel device that simulates the 
manual finger extensor facilitation technique while overcoming the limitations of the original device. 
iPARKO-2 enables the simultaneous fixation of the index through the little fingers and applies resistance 
from the proximal phalanges, allowing training in patients with strong fingertip spasticity. This study is a 
pilot study aimed at technical validation and feasibility. Five participants underwent training at three 
distinct target-pushing force levels. Concurrently, their active range of motion and extensor muscle activity 
were measured. The results show a direct correlation between the increased pushing force and the 
improvement in total active motion. Furthermore, the level of muscle activity exhibited a positive 
correlation with the extent of the observed improvement. iPARKO-2 also reduced the fixation time and 
enhanced usability. These findings suggest that iPARKO-2 effectively enhances voluntary hand 
movements and that pushing force is a key factor in determining training efficacy. 

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

1. Introduction 

According to the World Health Organization, stroke is a global public health issue and a leading cause 
of long-term disability [1]. With the aging population, the number of chronic stroke survivors is expected 
to increase [2]. Motor impairments after stroke are often accompanied by spasticity, a condition in which 
muscles become excessively tense, leading to abnormal flexion and extension of the limbs [3]. Prolonged 
spasticity can cause contractures, further restricting movement [3]. Among impaired functions, the recovery 
of hand motor function is particularly challenging, as the finger has a complex structure and finger joints 
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possess 23 degrees-of-freedom [4]. Nevertheless, restoring hand function is essential for performing daily 
activities that require fine motor skills and maintaining the quality of life in chronic stroke survivors [5,6]. 
Therefore, effective hand rehabilitation strategies are crucial. 

Several approaches to upper-limb rehabilitation have been studied, including constraint-induced 
movement therapy [7–9], mirror therapy [10–12], bilateral arm training [13,14], and repetitive facilitated 
exercise (RFE) [15,16]. RFE involves providing external stimulation, such as tapping, rubbing, passive 
stretching, or slight resistance, to facilitate intended movements in the affected limb. Intensive stimulation 
can elicit spontaneous finger movements and promote functional recovery. 

Strengthening the extensor muscles is necessary to restore hand-opening function. However, many 
chronic stroke survivors cannot voluntarily open their hands, making extensor training difficult. To address 
this issue, a finger extensor facilitation technique was developed, in which the therapist fixes the patient’s 
fingers in hyperextension while applying resistance at the metacarpophalangeal (MP) joints. This approach 
induces extensor activity via stretch reflexes and suppresses flexor overactivity [17–19]. Although effective, 
it requires lengthy, prolonged sessions and imposes a considerable physical burden on therapists. 
Consequently, there is an urgent need for a device or robotic system that can replicate and expand such 
interventions. In this study, this approach is referred to as manual therapy. 

Recent studies have explored robot-assisted rehabilitation for post-stroke upper-limb and hand 
functions. Early developments include cable-driven systems such as HandCARE [20], clinical feasibility 
studies of hand robotic therapy [21], electromyography (EMG)-driven exoskeleton devices that enable task-
oriented training [22], and a device that is actively controlled by the user’s own muscle signals 
HANDEXOS [23]. In Japan, wearable and mechanism-based devices have been introduced, including 
parallel-link wrist-training systems [24] and stretch reflex-facilitated finger extension devices [25]. 
Recently, advances in multimodal wearable sensors [26] and force-feedback glove systems [27] have 
expanded the scope of rehabilitation technologies. Systematic reviews and randomized controlled trials 
further supported the clinical effectiveness of different robotic approaches [28,29]. Comprehensive reviews 
highlighted both the current progress and future challenges in robot-assisted upper-limb rehabilitation [30]. 
However, most of these devices focus on strengthening extensor muscles through repeated flexion and 
extension exercises, which are unsuitable for patients who are unable to open their hands voluntarily. To 
our knowledge, no existing device promotes voluntary extensor activation while simultaneously 
suppressing abnormal flexor tension. 

In a previous study, iPARKO, a device that simulates manual therapy, was developed and validated in 
three healthy participants [31]. Subsequent evaluations of its effectiveness were conducted on a group of 
six chronic stroke survivors. The results showed that training with iPARKO improved the active range of 
motion (AROM) for all participants, thereby confirming enhanced voluntary hand movements [32]. 
However, iPARKO has two major limitations. First, it is difficult to use with chronic stroke survivors with 
severe fingertip spasticity, as fixation is often difficult to achieve, and the fingers may slip off during 
training. Second, attaching paretic fingers requires fixing each spastic finger individually, which is 
inconvenient and time consuming. Moreover, clarifying the relationship between the pushing force and 
improvements in voluntary hand movement during training is of particular interest to medical professionals 
and is essential for enhancing the clinical value of iPARKO. 

In this study, we developed iPARKO-2, a device designed to address the aforementioned limitations 
and investigated the relationship between pushing force and improvements in voluntary hand movement 
during training. This study is a pilot study aimed at technical validation and feasibility. Training was 
conducted with five chronic stroke survivors, each exhibiting different levels of pushing force. As a pilot 
study, the sample size was intentionally limited to the minimum required for exploratory analysis. The 
experimental design involved measuring changes in the AROM of four fingers before and after training to 
determine whether participants could perform voluntary movements. The AROM is defined as the range of 
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motion achieved solely through the participants’ own muscle strength, without external assistance. In 
addition, extensor muscle activity was recorded during training and analyzed in relation to changes in the 
AROM. 

2. Materials and Methods 

2.1. Development of “iPARKO-2” 

Manual therapy is first explained. Figure 1a shows the application of manual therapy to a patient. 
Figure 1b,c shows the hand bones and joints. This manual therapy facilitates the enhancement of voluntary 
hand movements in chronic stroke survivors who do not exhibit active hand opening. The therapist uses 
one hand to hold the proximal, intermediate, and distal phalanges of the patient’s paralyzed finger to 
maintain the distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints in maximum extension 
and the MP joint in hyperextension. The therapist also supports the affected upper limb with the other hand. 
As the patient voluntarily moves their paralyzed hand forward, the therapist applies resistance to the MP 
joints from the fingertips. This resistance elicits a stretch reflex in the extensor muscles, causing them to 
contract and increase muscle activity. The four fingers are held in hyperextension, which facilitates extensor 
muscle contraction by relaxing them, while concurrently stretching the flexor muscles and inhibiting their 
contraction. Applying force to the MP joints from the fingertips under these conditions enhances the 
extensor muscle activity while suppressing the flexor muscle activity [19]. In a previous study, iPARKO 
was used to simulate manual therapy. 

Two issues were identified with the original iPARKO. First, the application was challenging for 
chronic stroke survivors with strong fingertip spasticity because of the force applied from the fingertips to 
the MP joints in the hyperextended position of the phalanges of each finger. Second, there is a need to 
manually fix each finger to the iPARKO, which places a considerable burden on medical personnel. 

To address these limitations, the iPARKO-2 device was developed as an improved version of the 
original iPARKO. The design was modified to apply resistance from the proximal phalanges rather than 
the fingertips, ensuring effective force transmission from the proximal bone to the MP joint. Additionally, 
the device was redesigned to allow for the simultaneous fixation of the four fingers, reducing setup time 
and effort. As shown in Figure 2, iPARKO-2 includes training, biofeedback, and data acquisition 
components aligned with iPARKO [31]. In this study, the term “fingers” refers to the four fingers, excluding 
the thumb. 

Figures 2 and 3 illustrate the overall device and its individual components, respectively. Figure 2 shows 
the complete iPARKO-2 device, whereas Figure 3 details the individual training components, including 
finger-fixing parts 1 and 2 and the wrist-fixing part, as well as their arrangement. 

iPARKO-2 incorporates two major engineering improvements over the original device: 

1. Force Application from Proximal Phalanges: Unlike iPARKO, which applied resistance from the 
fingertips, iPARKO-2 applies resistance from the proximal phalanges to the MP joints. This design 
reduces finger slippage and enables training for patients with severe spasticity. 

2. Simultaneous Finger Fixation: iPARKO-2 can fix all four fingers simultaneously using thermoplastic 
resin components (finger-fixing parts 1 and 2). In contrast, the original iPARKO required individual 
fixation of each finger, which was time-consuming and cumbersome. 

By fixing the PIP and DIP joints while applying resistance from the proximal phalanges, iPARKO-2 
more closely replicates manual finger extensor facilitation. This configuration enhances extensor muscle 
activation, allowing for effective training even in patients with severe spasticity. 
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(a) (b) (c) 

Figure 1. Application of finger extensor facilitation techniques to a patient and the structure of the bones and joints of the hand. 
(a) Finger extensor facilitation technique; (b) Index finger in hyperextended position; (c) Bones and joints of the hand. 

 

Figure 2. Finger extensor facilitation training device “iPARKO-2”. 

 

Figure 3. Training components of iPARKO-2. 

2.2. Training Component 

The training components consist of a finger-fixing part 1, finger-fixing part 2, and wrist-fixing part, as 
shown in Figure 3. 

Figure 4 shows finger-fixing part 1 used for the distal phalanges and DIP joints, with the rest of the 
training components removed. The finger-fixing part 1 is made of thermoplastic resin and attached from 
the PIP joint to the fingertip. Unlike iPARKO, which requires the fixation of one fingertip at a time on a 
rubber band, iPARKO-2 simultaneously fixes the fingertips of four fingers at the DIP joints. In addition, 
because the finger-fixing part 1 is bent in the direction of hand extension, it plays the same role as the finger 
sack of iPARKO. This allows the PIP and DIP joints to be maintained in maximum extension, which is the 
same condition as in manual therapy. 
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Figure 5 shows finger-fixing part 2 used to fix the proximal phalanges and PIP joints, with the rest of 
the training components removed. The finger-fixing part 2 is also made of thermoplastic resin and consists 
of two plates. As shown in Figure 5, the PIP joints of the four fingers were pinched from above and below. 
This method simultaneously fixes the PIP joints of the four fingers, rather than fixing them individually. In 
this state, resistance was applied to the MP joint by pushing the hand forward. Unlike iPARKO, which 
applies force from the fingertips of the four fingers, this device applies force from the proximal phalanges, 
making it possible to apply force to chronic stroke survivors with strong fingertip spasticity. As described 
above, finger-fixing parts 1 and 2 can fix four fingers simultaneously. Therefore, the burden on chronic 
stroke survivors caused by fixing one finger at a time could be reduced. 

The wrist-fixing part is attached to the chronic stroke survivor’s wrist to maintain the MP joint in a 
hyperextended position. A six-axis force/torque sensor (FFS055F251M8R0A6S; Leptrino Co., Ltd., 
Nagano, Japan) was attached to the lower part of finger-fixing part 2 to measure the force applied to the 
PIP and MP joints directly connected to it. Finger-fixing parts 1 and 2, and a six-axis force/torque sensor 
were fixed on a slide rail (FBW3590XRUU + 300 L; THK Co., Ltd., Tokyo, Japan), allowing the patient 
to smoothly move his or her hand forward. A sponge was attached to the tip of the slide rail to absorb the 
shock when the patient pushed forward, as shown in Figure 4. The firmness of the sponge was adjusted 
such that finger-fixing part 1, finger-fixing part 2, and the six-axis force/torque sensor moved approximately 
5 mm on the slide rail when the patient pushed forward. Because of individual differences in the joint angles 
of the fingers in the hyperextended position, the height of the training component must be adjusted to enable 
the reproduction of manual therapy. To this end, a height-adjustable table was utilized. 

 

Figure 4. Finger-fixing part 1. 

 

Figure 5. Finger-fixing part 2. 
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2.3. Biofeedback and Data Acquisition Components 

iPARKO-2, similar to iPARKO, measures the extensor and flexor muscle activity during training using 
a portable EMG sensor (OPE-2; Unique Medical Co., Ltd., Tokyo, Japan). The EMG sensor consists of a 
surface electrode and preamplifier. The six-axis force/torque sensor was used to measure the pushing force. 

The data acquisition component consisted of a data acquisition system (USB6211; National 
Instruments Corp., Austin, TX, USA) that obtained data from the EMG and six-axis force/torque sensor, a 
personal computer, and a monitor. The sampling frequency of the measurements was 1000 Hz. The 
measurement data collected by the data acquisition system were displayed on the monitor, as shown in 
Figure 6. The EMG signals of the extensor and flexor muscles, as well as the pushing force and its desired 
value, could be monitored. 

 

Figure 6. Information displayed on the monitor screen. 

3. Experiments 

3.1. Purpose 

This study aims to compare improvements in hand voluntariness in five chronic stroke survivors before 
and after training with iPARKO-2 at different pushing forces. The AROM was used to evaluate hand 
voluntariness, and the amount of change in the AROM before and after training was used to improve hand 
voluntariness. Information on the participants is listed in Table 1. The passive range of motion (PROM) 
refers to the range of motion of a joint obtained by moving the joint with an external force or the hands of 
another person. The PROM was measured in advance by the therapist using a goniometer. All participants 
were paralyzed in their left hand. All participants provided informed consent prior to participating in the 
study. The study was conducted in accordance with the protocol approved by the Ethics Committee of the 
Nagoya Institute of Technology (Approval number 2020-001). 
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Table 1. Information on the five participants. 

No. Sex Age 
Dominant 

Hand 
Paralyzed 

Hand 
PROM [°] 

Maximum 
Pushing 

Force [N] 

Period of 
Onset [Years] 

Remarks 

1 F 59 R L 15 40 10 Lacunar infarction 
2 M 69 R L 20 80 8 Lacunar infarction 
3 M 56 R L 65 60 13 Cerebral hemorrhage 
4 F 69 R L 40 28 13 Cerebral hemorrhage 
5 M 66 R L 53 40 17 Cerebral infarction 

Mean ± SD M:3, F:1 63.8 ± 5.3 R:5, L:0 R:0, L:5 38.6 ± 19.0 49.6 ± 18.3 12.2 ± 3.1 - 

3.2. Methods 

The experimental procedure is illustrated in Figure 7. The participants initially underwent a maximum 
pushing force test as a preliminary step, followed by training with iPARKO-2 at three different target force 
levels. The AROM test was performed before and after each training session. 

The maximum pushing force test was performed in the same posture as the iPARKO-2 training, which 
is described below. In this posture, participants were instructed to slowly push their hands forward with 
maximal pain-free effort for 3 s upon the supervisor’s cue. The highest value recorded during this 3 s period 
was defined as the maximum pushing force. 

For iPARKO-2 training, surface EMG electrodes were attached to the participant’s left arm to measure 
extensor muscle activity. To ensure consistency, the electrodes remained in place throughout all three 
training sessions, each with a different target pushing force level. This approach prevented variability from 
repositioning. The wrist-fixing component was secured to maintain the wrist angle, followed by fixing the 
left hand’s PIP joint in the finger-fixing part 2 and the fingertips in the finger-fixing part 1. 

The training protocol consisted of pushing exercises at three target force levels: 20%, 50%, and 80% 
of the maximum pushing force of each participant. To account for individual differences in muscle strength, 
the pain-free training intensity was determined based on the maximum pushing force of each participant. 
To offset order effects, participants 1–3 were trained in the sequence of 80%, 50%, and 20%, while 
participants 4 and 5 followed the reverse sequence (20%, 50%, and 80%). Previous studies have 
distinguished these three levels when evaluating the reliability of surface EMG variables at varying 
contraction intensities. These findings support the validity of these levels in characterizing neuromuscular 
function [33]. 

As illustrated in Figure 7, a single training session comprised an initial 3 s waiting period and 10 sets 
of pushing and relaxation. Each set consisted of 2 s of pushing and 2 s of relaxation, for a total of 4 s per 
set. A metronome indicated the initiation of pushing and relaxation. The sampling time was set to 0.001 s. 
The pushing forces were 20%, 50%, and 80% of the maximum pushing force. During training, participants 
were instructed to push their hands forward to achieve the indicated pushing force while observing their 
actions on the monitor. Intervals of 3 min were allotted for rest between the three training sessions. During 
the rest period, the participant’s hand was removed from iPARKO-2. 
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Figure 7. Experimental procedure. 

3.3. Experimental Posture 

The posture during the experiment is shown in Figure 8. Participants sat in a chair adjusted so that the 
ankle joint was at 0° and the knee joint was at 90° flexion. Their legs were shoulder-width apart, and the 
soles of their feet were flat on the floor. The shoulder joint was held in a position without elevation. The 
training component of iPARKO-2 was placed next to the participant’s body. Participants were also 
instructed to place their elbows on the upper-limb stand, maintain a straight posture, and avoid twisting 
their trunk. The monitor was placed in front of the participant, and the height was adjusted so that the 
participant could easily see the screen. 

In addition, the upper limb is represented by the four-joint link model, as shown in Figure 9. Let the 
flexion angle of the shoulder joint be 𝜃ଵ, the flexion angle of the elbow joint be 𝜃ଶ, the extension angle of 
the wrist joint be 𝜃ଷ, and the extension angle of the MP joint be 𝜃ସ. In addition, for all joint angles, the 
counterclockwise direction is positive. The following relationship exists between these angles. 

𝜃ଵ ൅ 𝜃ଶ ൅ 𝜃ଷ ൅ 𝜃ସ ൌ 90° (1) 

We assumed 𝜃ଵ ൌ 80°, 𝜃ଶ ൌ 0°, and 𝜃ସ is the PROM of each participant. 𝜃ସ is uniquely determined 
from Equation (1). Throughout the experiment, participants moved their hands forward and were placed on 
the training component. The distance traveled was approximately 5 mm. As the forearm moves, the angles 
of the shoulder, elbow, and wrist change. The change in angle of the shoulder was the largest, extending 
approximately 5°. In comparison, the elongation of the elbow and wrist was small. 

 

Figure 8. Experimental posture. 
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Figure 9. Four-joint upper-limb link model illustrating the experimental posture. 

3.4. Evaluation Method 

To clarify the relationship between the pushing force and improvements in voluntary hand movement 
during training, the AROM was measured before and after the intervention. Twelve measurement points 
were obtained at the MP, PIP, and DIP joints of the four fingers of the participant’s paralyzed hand, 
excluding the thumb. Measurements were performed by the therapist using a goniometer. The angles are 
shown in Figure 10, where the fully extended position was 0°, the angle in the extension direction was 
positive, and the angle in the flexion direction was negative with respect to the fully extended position. To 
evaluate whether the patient could voluntarily perform movements, the total active motion (TAM) was used, 
defined as the sum of the active ranges of motion of the MP, PIP, and DIP joints of each digit. This definition 
follows the standards of the American Society for Surgery of the Hand [34]. The methodology is grounded 
in the foundational work by Hume et al. (1990), who quantified the functional ranges of motion required 
for activities of daily living in these joints [35]. The change in TAM before and after training was defined 
as the improvement in TAM; in other words, the greater the increase in TAM, the greater the improvement 
in volitional control. 

The extensor muscle activity during the training period was measured using a surface EMG sensor. 
Due to the variability in paralysis severity, the absolute magnitude of EMG signals in the affected hand 
muscles varied among participants and could not be directly compared with those of healthy individuals. 
Therefore, we focused on within-subject changes and correlations rather than absolute values. To account 
for the inconsistent timing of voluntary movements in participants with paralysis, the first and last 0.5 s of 
each 2-s pushing interval were excluded when calculating the average EMG for each set. The quantification 
of muscle activity was determined by the arithmetic mean of 10 sets, with the absolute average value of 1 
s. This approach reduced the influence of inconsistent onset and offset timing, allowing for a more reliable 
quantification of relative muscle activity during the task. It is important to note that the level of muscle 
activity varies significantly among individuals. Although normalization by the maximum voluntary 
contraction (MVC) is typically used to account for such variations, quantifying MVC in chronic stroke 
survivors posed a significant challenge due to restricted wrist range of motion and variability in the extent 
of paralysis. Consequently, normalization was not performed in this study. 

Due to the small sample size and the exploratory nature of this pilot study, descriptive statistics and 
correlation analyses were primarily used. Effect sizes (Cohen’s d) were also calculated to supplement these 
analyses and to provide an estimate of the magnitude of change under different pushing force levels. 
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Figure 10. Angle definitions of each joint. 

4. Results and Discussion 

4.1. Relationship between Pushing Force and AROM 

The TAM before and after training at the three target pushing force levels for each of the five 
participants, as well as the improvement in the TAM, are shown in Table 2 and Figure 11, respectively. 
The mean TAM improvements for the five participants during training at the three target pushing force 
levels were 78.0 ± 69.0°, 133.0 ± 116.4°, and 189.0 ± 127.6°. The improvement in the TAM showed an 
increasing trend with increasing pushing force. This indicates the potential effectiveness of training with 
pushing forces close to the maximum pushing force. At 50% of the maximum pushing force, the 
improvement in the TAM was greater than 20% for all four participants, except Participant 1. At 80% of 
the maximum pushing force, the improvement in the TAM was greater than that at 20% and 50% for all 
participants. Although the observed improvements in TAM suggest enhanced voluntary hand motion, the 
clinical significance of these changes should be interpreted cautiously. Hume et al. (1990) [35] reported 
functional ranges of motion for daily hand activities, indicating that certain thresholds of TAM improvement 
are necessary to achieve meaningful functional gains. Our pilot data provide preliminary indications, but further 
studies are required to establish clinically meaningful changes in chronic stroke survivors. 

During training, participants adjusted their pushing force to match the target value. This may result in 
individual differences in the actual pushing force. In other words, there were differences in control 
performance due to the disability level of participants. The target and measured pushing forces for the three 
training sessions at the three target pushing force levels for each participant are shown in Figure 12. The 
bar on the measured pushing force indicates the standard deviation. As with the quantitative evaluation 
method of muscle activity, each measured pushing force is the average of 10 sets of absolute average values 
for 1 s, excluding the first and last 0.5 s of the 2 s period; one set of pushing force is defined as the average 
of the 10 sets of pushing force. As shown in Figure 12, the ability to adjust the pushing force to the target 
value varies among individuals. Participant 3 has a high adjustment capability because their pushing force 
is close to the target value. On the other hand, Participants 1, 2, 4, and 5 tended to have higher actual 
pushing forces as the target values increased. However, when the target value is large, the error and 
variation increase. This indicated that their ability to adjust to large forces was inferior. In particular, 
Participant 5 had an inferior adjustment capability for both small and large pushing forces. 

The scatter plot of the measured pushing force versus the improvement in the TAM for the three 
training sessions with different pushing force levels is shown in Figure 13. A linear approximation curve is 
also presented. The correlation coefficients between the measured pushing force and improvement in the 
TAM for the five participants were 0.23, 0.96, 1.00, 0.99, and 1.00. Figure 13 shows that the improvement 
in the TAM increased as the pushing force increased, except for Participant 1. The relationship between the 
measured pushing force and the improvement in TAM, as shown in Figure 13, was examined using Cohen’s 
d. When comparing the highest and lowest pushing force levels among the small, medium, and large 
conditions, Cohen’s d was approximately 1.01, indicating a large effect (d > 0.8). A d value greater than 1 
suggests that the change from pre- to post-intervention (mean difference) exceeds individual variability 
(standard deviation), indicating that the intervention effect is very strong and surpasses individual 
differences. These analyses are intended to inform the design of future larger-scale studies. 
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Table 2. Relationship between target pushing-force levels and TAM before and after training for each participant (Diff: 
difference between before and after training). 

  
Pushing Force [%] 

20 50 80 

Sub No. 
Pre 
[°] 

Post 
[°] 

Diff 
[°] 

Pre 
[°] 

Post 
[°] 

Diff 
[°] 

Pre 
[°] 

Post 
[°] 

Diff 
[°] 

1 795 990 195 850 995 145 750 1010 260 
2 820 890 70 795 895 100 780 910 130 
3 940 975 35 900 975 75 875 1000 125 
4 540 610 70 570 895 325 645 1020 375 
5 970 990 20 970 990 20 970 1025 55 

 

Figure 11. Relationship between target pushing force levels and improvement in the TAM for each participant. 

 

Figure 12. Relationship between target pushing force levels and measured pushing force for each participant. (a) Participant 1; 
(b) Participant 2; (c) Participant 3; (d) Participant 4; (e) Participant 5. 
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Figure 13. Scatterplot of the relationship between the measured pushing force and improvement in the TAM. (a) Participant 1; 
(b) Participant 2; (c) Participant 3; (d) Participant 4; (e) Participant 5. 

4.2. Relationship between Pushing Force and Muscle Activity 

The relationship between the measured pushing force and extensor muscle activity was examined. 
Figure 14 shows a scatterplot of this relationship during training for the five participants, along with a linear 
approximation curve. The correlation coefficients between the measured pushing force and extensor muscle 
activity for the five participants were 0.58, 0.84, 0.91, 0.95, and −0.07. As shown in Figure 14, the extensor 
muscle activity increased as the measured pushing force increased, except for Participants 1 and 5. 

These results suggest that muscle activity increased as the pushing force increased, and that the amount 
of muscle activity affected the improvement in the TAM. 

The observed increase in TAM under higher pushing force may be partly explained by involuntary 
reflex mechanisms rather than voluntary motor control alone. When the fingers are held in extension, and 
axial pressure is applied to the fingertips, the finger extensors can be activated through the stretch reflex. 
The axial load produces a subtle and unexpected stretch around the MP and IP joints, which is detected by 
muscle spindles and transmitted via Ia afferents to the spinal cord, resulting in excitation of the extensor α-
motor neurons [36,37]. Reflex activation of finger muscles in force-related tasks has also been demonstrated 
in humans [38]. In addition, axial fingertip loading may trigger automatic postural reflexes that stabilize 
the limb against external forces, involving the coordinated activation of multiple upper-limb muscles, 
including the finger extensors [39]. Such reflex pathways are known to remain relatively preserved after 
stroke and may support or augment voluntary motor performance [40]. These mechanisms offer a plausible 
explanation for the increased TAM observed in this study and indicate that reflex-driven motor responses 
may contribute to movement outcomes during the task. 
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Figure 14. Scatterplot of the relationship between the measured pushing force and extensor muscle activity. (a) Participant 1; 
(b) Participant 2; (c) Participant 3; (d) Participant 4; (e) Participant 5. 

4.3. Usability and Fixation Efficiency of iPARKO-2 

In this study, we employed the newly developed iPARKO-2. During training, participants’ fingertips 
remained securely attached to the device throughout the sessions. The fixation time was reduced by 
approximately 60%, from an average of 5 min to 2 min, indicating that iPARKO-2 effectively addresses 
the limitations of the original iPARKO device. Furthermore, all participants reported no pain or discomfort, 
and no adverse events were observed. Feedback from therapists indicated that iPARKO-2 reduced setup 
and fixation time, improved stability during training, and was easier to operate compared with the original 
device, suggesting enhanced clinical usability. 

4.4. Limitations 

This study included only five participants, which limits the generalizability of the findings. Therefore, 
the results should be interpreted as preliminary evidence from a pilot study focused on technical validation 
and feasibility. Future studies with larger sample sizes are necessary to confirm the observed relationships 
between pushing force and improvements in TAM. A control group was not included in this pilot study. 
Therefore, the relative efficacy of iPARKO-2 compared with conventional manual therapy or standard 
rehabilitation cannot be determined. Future studies should include appropriate control conditions to assess 
comparative effectiveness. This study assessed only the immediate effects of iPARKO-2 training. Whether 
the observed improvements in TAM persist beyond single-session training remains unclear and warrants 
investigation in future longitudinal studies. 

The rest interval between the three target-force training sessions was 3 min. While we aimed to 
minimize carryover effects, we cannot exclude the possibility that residual effects from previous sessions, 
such as neural excitation or fatigue, may have influenced performance in subsequent sessions. Future 
studies should examine the optimal rest period to reduce potential carryover effects and allow for 
independent assessment of each target force level. Furthermore, iPARKO-2 is currently a prototype and 
can be further refined. Potential improvements include: (1) adjustable force calibration to enable 
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individualized therapy, and (2) miniaturization of the device to enhance portability and usability. These 
enhancements are planned for future iterations. 

5. Conclusions 

In this study, we developed a novel finger extensor facilitation training device, iPARKO-2, designed 
for use in chronic stroke survivors exhibiting strong spasticity. The present study investigated the 
relationship between the pushing force during training and improvements in the TAM in five participants 
with chronic stroke. The findings indicated that an augmented pushing force was associated with elevated 
muscle activity, and the extent of muscle activity influenced the degree of improvement in the TAM. In 
addition, iPARKO-2 exhibited enhanced usability and fixation efficiency compared with the original 
iPARKO. 

Future studies will examine the effects of various manual therapy conditions on voluntary hand control. 
The objective of these studies is to identify training methods that could further enhance hand function in 
chronic stroke survivors. While the immediate effects of training were confirmed in this study, further 
investigation is warranted to ascertain the long-term effects and to explore more effective training protocols 
that would improve overall treatment efficacy. 
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