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Abstract  Background: Post-stroke wrist and hand 

dysfunction significantly impacts fine motor control, 

reducing independence in daily activities. Traditional 

rehabilitation tools, like pegboards have shown promise 

but lack personalization and integrated support, which are 

essential for optimal recovery and sustained motivation. 

The Neuralease workstation, designed with adjustable pegs 

of varying sizes, shapes, and weights, along with integrated 

wrist and hand support, aims to promote isolated and 

task-specific movements for enhanced motor skill 

acquisition in stroke patients. Objective: The main 

objective is to design and test how the Neuralease 

workstation affects spasticity, motor function, and quality 

of life in people who have had a subacute stroke and have 

problems with their wrists and hands when used with 

traditional therapy. Methods: After obtaining ethical 

clearance, we designed and developed the Neuralease 

workstation and filed a patent. Twenty-four subacute 

stroke patients were randomly divided into two groups (12 

each): the intervention group received therapy using 

Neuralease alongside conventional therapy, and the control 

group received only conventional therapy. Outcome 

measures, including the Tardieu Scale, the Fugl-Meyer 

Assessment (wrist and hand), and the Stroke Impact Scale 

Gujarati version, were assessed pre- and post-intervention 

over four weeks. Results: Patients in the Neuralease and 
conventional group showed reductions in spasticity 
identified, but it was not statistically significant in 
comparison amongst Groups A and B. But improvements 

in motor function and quality of life showed more 

statistically significant differences in Neuralease group 

than the control group. High user satisfaction was noted 

for the workstation's adjustability and ease of use, 

confirming its value as a personalized rehabilitation tool. 

Conclusion: Combining the Neuralease workstation with 

regular therapy improved the recovery outcomes for 

people who had a stroke and had problems with their 

hands and wrists. Its personalized approach and ease of 

use make it a promising adjunct for stroke rehabilitation. 

Keywords  Neuralease, Stroke Rehabilitation, 

Pegboard Therapy, Wrist Support, Motor Function, 

Quality of Life 
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1. Introduction 

Stroke, as defined by the World Health Organization 

(WHO), is a rapid onset of neurological symptoms lasting 

over 24 hours or leading to death, caused by a vascular 

event in the brain [1]. Stroke represents a significant 

burden of disability and mortality in developed nations, 

posing a major challenge for rehabilitation teams, 

including physiotherapists. Epidemiological data reveal a 

wide range in stroke incidence, with estimates varying 

between 108 and 172 cases per 100,000 people annually. 

Prevalence figures also demonstrate considerable 

variability, ranging from 26 to 757 cases per 100,000 

people per year [2,3]. Stroke often disrupts movement on 

one side of the body (contralateral hemiparesis) due to 

damage in the opposite hemisphere of the brain. Typically, 

this weakness impacts the limbs, particularly the hands. In 

the initial phase (acute phase), muscles may become limp 

(flaccid). Muscle tone may also change, transitioning from 

flaccidity to spasticity. While motor recovery can begin 

right after a stroke and follow a predictable pattern, full 

recovery is not always achievable for all patients [4,5]. 

Regaining full independence after a stroke can be a 

significant hurdle. Only a small percentage (10-15%) of 

stroke survivors achieve complete functional use in daily 

activities (ADLs) within six months [6]. This condition 

often necessitates support from caregivers to manage daily 

tasks. Furthermore, 30% of stroke patients with 

hemiparesis (weakness on one side) still struggle with arm 

and hand movement even after six months. This 

impairment is likely due to damage in the brain's 

corticospinal tract, which controls movement. This limited 

hand function can significantly impact a patient's ability to 

perform basic tasks and live independently. According to 

Araujo, R. S. de et al. (2020) and Taub, E. (2006), this 

limited hand function can significantly impact a patient's 

ability to perform basic tasks and live independently [7,8]. 

The current study hypothesizes that, in subacute stroke 

patients, additional application of Nearlease, which is 

combined with conventional therapy, results in greater 

improvements in spasticity and functional recovery 

compared to conventional therapy alone. 

1.1. Challenges of Traditional Rehabilitation 

Post-stroke rehabilitation often involves frequent and 

lengthy clinic visits for patients to perform repetitive 

exercises. Such procedures can be a significant burden, 

with high social and economic costs for both patients and 

their families. Additionally, the long-term nature of 

therapy can lead to decreased adherence and eventual 

discontinuation [9-12]. 

1.2. Potential of Home-Based Therapy 

Moving rehabilitation closer to home, whenever 

possible, could offer several advantages. It could provide 

patients with good flexibility and a stronger sense of 

autonomy in managing their recovery [12]. Traditional 

pegboards are a tool used in rehabilitation to facilitate 

grasp and release exercises, promoting repetition. However, 

their lack of wrist support and adjustability makes it 

challenging for patients with specific needs to perform 

isolated movements effectively. 
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2. Method

The study was conducted following ethical clearance 

from the CDSCO-approved Ethical Committee (ref: 

ECR/356/indt/GJ/2022) and CTRI (ref: 

CTRI/2022/09/045256) for the Neuralease workstation. It 

has been carried out as per the CONSORT guideline (Fig: 

1). Study was conducted at various Physiotherapy OPDs of 

Marwadi University. Study was carried out in between the 

duration of 01/Dec/2023 and 28/Sep/2024. 

A total of 26 subacute stroke patients based on power 

analysis and using the formula 𝒏 =z2𝑝 (1- 𝑝)/ 𝑒2 were 

included. It was decided by use of following parameters: 

like a confidence level (p) of 95%, a margin of error (e) set 

0.05, and a significance level (α) set 0.05. The estimated 

prevalence of stroke in the general population was 

considered to be 757/100,000 individuals [3]. By using 
mentioned inputs, the required sample size was 
determined to be 11 participants in each group; with 
consideration of dropouts, a total of 26 stroke patients 
were included in current research. 2 sub-acute stroke 

subjects refused to be a part of the research; as they had to 

migrate in between, among whom, a total of 24 patients 

have successfully completed the protocols. 

Randomization for group allocation was carried out by 

odd-even method. 

2.1. Participants 

Twenty-four subacute stroke patients were considered 

for the study. Written informed consent was signed by the 

patients who were recruited and screened for eligibility for 

current randomized trial. 

The inclusion criteria for the study were that the patients 

had a post-stroke duration of more than three months, were 

aged between 40 and 65 years, and had a Mini-Mental 

Status Examination (MMSE) score greater than 24, 

indicating adequate cognitive function. Participants were 

required to have intact skin on the hemiparetic arm and be 

medically stable [13,14]. 

The exclusion criteria for the study were that the patients 

with a Modified Ashworth Scale (MAS) score of 3 or 

higher, indicating severe spasticity, were excluded. 

Participants with any acute injuries to the arms or hands, as 

well as those who had received intramuscular Botox 

injections in any upper extremity muscle within the last 

three months, were not eligible. Individuals with a cardiac 

pacemaker were also excluded due to potential safety 

concerns. Additionally, stroke subjects with auditory and 

visual deficits or those without a proper medical history 

were not considered for participation [13,14]. 

2.2. Design and Development of the Neuralease 

Workstation 

The Neuralease workstation was conceptualized to 

address the limitations of traditional rehabilitation tools. It 

features a customizable pegboard with adjustable pegs of 

varying sizes, shapes, and weights, alongside integrated 

wrist and hand support. The design facilitates repetitive, 

isolated, and task-specific hand movements, critical for 

motor skill acquisition in stroke rehabilitation. Prototypes 

underwent iterative refinement based on feedback from 

therapists and stroke survivors to optimize functionality 

and ease of use. (Fig: 2) 

Figure 1.  Flow diagram of study participants according to CONSORT criteria. n = sample 
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Figure 2.  Neuralease Workstation 

The Neuralease Workstation is an advanced 

rehabilitation device designed to support upper limb 

training, particularly for individuals with neuromuscular 

impairments such as stroke. The workstation focuses on 

enhancing wrist function and grip strength through 

adjustable and progressive training features. 

2.2.1. Key Design Features 

Wrist Support with Actuator Mechanism: The wrist 

support is integrated with a precision actuator system that 

allows remote-controlled adjustments in height and width. 

This enables the device to accommodate a wide range of 

hand sizes and wrist positions, ensuring ergonomic support 

and optimal joint alignment during therapy. 

Remote Operated Controls: The workstation is equipped 

with a remote interface, allowing therapists or patients to 

adjust the device parameters easily without manual 

repositioning, thus improving safety and convenience 

during sessions. 

Progressive Grip Training: The system includes 

interchangeable grips designed to simulate various hand 

positions and tasks. Each grip is compatible with adjustable 

weights, allowing therapists to customize resistance levels 

for graded strengthening and motor relearning. 

Cost-Effective and Reproducible: The device is 

cost-efficient, with a total manufacturing cost of 

approximately ₹10,000/-, and can be easily reproduced 

using locally available components and simple fabrication 

methods, making it suitable for widespread clinical use and 

research. 

Intervention Group: Therapy using Neuralease 

combined with conventional therapy. 

Control Group: In control group only conventional 

therapy alone is given. 

Intervention Protocol [15-18] 

Both groups underwent 60-minute therapy sessions five 

times a week for four weeks. 

Neuralease Group (Group A): Patients performed 

task-specific exercises using the workstation, focusing on 

grasp, release, and precision movements with adjustable 

resistance. These exercises were integrated with standard 

therapy, including range of motion, stretching, and 

strengthening exercises by use of Neuralease workstation 

for 30 min along with 30 min conventional therapy, and the 

total time duration of protocol was implemented for 60 

min. 

2.2.2. Conventional Therapy Protocol: [17,18] 

Both groups were given a conventional therapy regimen 

that included upper limb strengthening exercises, tight 

muscle stretching, upper limb weight-bearing activities, 

proprioceptive training, and sensory integration training. 

A. Strengthening exercises (sitting or standing with 

support) 

Exercises for strengthening the shoulders and elbows 

muscle included flexion, abduction, and external rotation 

with resistance bands or modest weights. Exercises to 

improve arm control included elbow flexion and extension. 

Gripping therapy balls and resisting wrist 

extension/flexion were included to improve wrist and 

finger muscle strength. Isometric and isotonic exercises 

like holding static positions were included to maintain 

muscle tone and increase endurance. 

B. Stretching and Spasticity Management (Sit or 

Supine) 

Slow, sustained stretches for the wrist, fingers, and 

forearm flexors prevent contractures and improve 

flexibility. Additional benefits were provided with 

stretching using a therapy table or wall support. Self-

Stretching Techniques: Subjects performed guided 

stretching's without any aid. 

C. Weight Bearing and Proprioceptive Loading 

Therapy ball, table, or therapist help while sitting or 

standing was used to support weight-bearing on the 

affected upper limb. Joint compression was given to 

improve proprioceptive input by applying gentle axial 

pressure to the wrist, elbow, and shoulder. Weight-Shifting 

Activities: Controlled changes of body weight to the 

affected were on the encouraging side during seated or 

standing trainings. 

D. Sensory Integration Training. 

Tactile stimulation therapy including brushing, tapping, 

or vibration on damaged arm was given to improve sensory 

function. Texture differentiation including handling things 

with varying textures (rough, smooth, soft, hard) was given 

to improve sensory discernment. 

Temperature differentiation including alternating 

between warm and cold things was given to enhance 

sensory processing. Proprioceptive Awareness Training 

including identifying objects' forms, weights, and 

placements with closed eyes was given to improve 

sensory-motor coordination. 

Control Group (Group B): Patients received only 
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conventional therapy for 30 min, which comprised 

standard exercises aimed at improving hand and wrist 

function which is mentioned as above for Group A 

conventional therapy treatment protocol. [17,18] 

2.3. Outcome Measures 

Assessments were conducted at baseline and at the end 

of the four-week intervention period: 

Modified Tardieu Scale: Modified Tardieu scale was 

used to measure the level of spasticity. The Modified 

Tardieu Scale (MTS) was used to measure spasticity. This 

scale helps you see what happens to muscles when you 

stretch them at different speeds. The test was done on the 

upper extremity muscles by a trained investigator. [16] 

Fugl-Meyer Assessment (Wrist and Hand 

Component): To evaluate motor function recovery used 

for the presented study. Motor ability in the current study 

was evaluated using the Fugl-Meyer Assessment's (FMA) 

hand and wrist components. After a stroke, this element of 

the FMA is a useful tool with a standard measure often 

used to assess the recovery in those patients with upper 

limb disabilities. FMA includes object evaluation of the 

wrist and hand components, which includes movement and 

coordination of upper extremities. Each item of the scale 

has a 3-point ordinal score: 0 (cannot perform), 1 (performs 

partly), and 2 (performs completely). This component's 

total score runs from 0 to 24. A qualified investigator 

conducted the assessment using accepted criteria, noting 

the results for further study. [15] 

Stroke Impact Scale: The Stroke Impact Scale (SIS) 

was used to measure the hand function domain in the 

stroke patients for the study, measuring the perceived 

difficulty of routine activities related to hand function. 

This questionnaire contains several aspects about 

hand-related functions in regular activities, such as 

transporting objects, turning a doorknob, or collecting 

little things. Participants evaluated their difficulty on a 

5-point scale, where 1 signifies "unable to perform at all," 

and 5 indicates "not challenging whatsoever." 

Consequently, we converted the scores to a 0 to 100 scale, 

with higher numbers indicating improved hand function. 

The stroke impact scale used in the study was in Gujarati 

language which has been validated by Diwan et al. in 2018 

[17]. 

Quest 2.0: To assess user satisfaction with the assistive 

device, focusing on the perceived benefit, comfort, and 

usability of the Neuralease workstation. 

Quebec User Evaluation of Satisfaction with Assistive 

Technology (QUEST 2.0) assessed user satisfaction with 

assistive technology. This standardized questionnaire 

consisted of twelve measures, divided into two primary 

categories: device-related variables (8 items) and 

service-related factors (4 items). On a 5-point rating system, 

participants answered how pleased they were with each 

item: 1 denotes "not satisfied at all," and 5 denotes "very 

satisfied." This questionnaire was filled out by the 

face-to-face interview method. The total and subscale 

ratings were calculated to assess general satisfaction with 

the assistive equipment and associated services. 

With this organized method, a full study of the 

Neuralease workstation's effect on rehabilitating the wrist 

and hand after a stroke was carried out. Data were collected 

before and after treatment for four weeks. 

3. Results

Data were analyzed using IBM SPSS version 21. At 

baseline, no significant differences were found between the 

two groups. A baseline assessment of the normality of data 

was conducted by use of Shapiro-Wilk test. Based on the 

findings, non-parametric tests were used. Within-group 

comparisons were performed using the Wilcoxon 

signed-rank test, while between-group comparisons were 

conducted using the Mann-Whitney U test. 

Table 1: suggesting Shapiro-Wilk test for Groups A and 

B Modified Tardieu, Fugl-Meyer Wrist & Hand 

Component & Stroke Impact Scale Hand Domain, as the 

data not following normality. 

Table 1.  Test for normality 

Tests of Normality 

Outcomes 
Shapiro-Wilk 

W Statistic df Sig. 

Modified Tardieu Scale Group A 0.903 12 0.172 

Modified Tardieu Scale Group B 0.938 12 0.473 

Fugl-Meyer Group A 0.967 12 0.871 

Fugl-Meyer Group B 0.948 12 0.608 

Stroke Impact Scale Group A 0.955 12 0.709 

Stroke Impact Scale Group B 0.915 12 0.244 

Table 2: suggesting within Group A Neuralease therapy 

with conventional therapy comparison for pre & post 

Modified Tardieu, Fugl-Meyer Wrist & Hand Component 

& Stroke Impact Scale Hand Domain shows mean and 

standard deviation. 

Table 2.  Within Group, before & after treatment comparison Group A: Neuralease with conventional therapy 

Sr No Outcome Mean difference SD P value 

1 Modified Tardieu Scale 6.25 6.25 ± 0.23 0.002 

2 Fugl-Meyer (Wrist & Hand Component) 6.66 6.66 ± 0.19 0.003 

3 Stroke Impact Scale (Hand Domain) 6.41 6.41 ± 0.21 0.002 
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Table 3: suggesting within Group B conventional 

therapy comparison before & after treatment Modified 

Tardieu, Fugl-Meyer Wrist & Hand Component & Stroke 

Impact Scale Hand Domain shows mean and standard 

deviation. 

For before & after treatment outcome Modified Tardieu, 

Fugl-Meyer Wrist & Hand Component & Stroke Impact 

Scale Hand Domain in both groups. (Fig: 3) 

Table 4: suggesting between Groups A & B 
comparison before & after treatment for Modified Tardieu 

Scale, Fugl-Meyer Wrist & Stroke Impact Scale Hand 

Domain, in that it shows significant differences in Fugl-

Meyer Wrist & Stroke Impact Scale Hand Domains. 

For before & after treatment outcome Modified Tardieu, 

Fugl-Meyer Wrist & Hand Component & Stroke Impact 

Scale Hand Domain in both groups. (Fig: 4) 

Within-group comparisons in both groups (before and 

after-4 weeks) revealed significant differences in the 

Modified Tardieu Scale, Fugl-Meyer Wrist and Hand 

Component, and Stroke Impact Scale. Between-group 

comparisons showed that Group A demonstrated 

significantly greater improvements in the Fugl-Meyer 

Wrist and Hand Component and Stroke Impact Scale. 

Additionally, the Quebec User Satisfaction with Assistive 

Devices Questionnaire indicated satisfaction across all 

domains with Neuralease [18,19]. 

Table 5: suggesting a Neuralease user satisfaction after 

the one-month utilization by Quest 2.0 questionnaire. 

The QUEST 2.0 was employed to measure user 

satisfaction with the Neuralease Workstation by 

implication of all eight core domains. The Neuralease 

workstation showed an overall favorable response, 

particularly in aspects related to structural and operational 

quality. In summary, the Neuralease Workstation scored 

higher on structural and safety components, with some 

limitations in comfort and ease of use. This outcome can 

guide further Neuralease product improvement for 

enhanced user satisfaction and clinical utility. 

Table 3.  Within Group, before & after treatment comparison Group B: Conventional therapy 

Sr No Outcome Mean difference SD P value 

1 Modified Tardieu Scale 4.42 4.42 ± 0.62 0.003 

2 Fugl-Meyer (Wrist & Hand Component) 2.91 2.91 ± 0.43 0.005 

3 Stroke Impact Scale (Hand Domain) 4.67 4.67 ± 0.56 0.002 

Figure 3.  Within Group comparison for Groups A and B Modified Tardieu, Fugl-Meyer and Stroke Impact scale 

Table 4.  Between Group, before & after treatment comparison of Group A (Neuralease with conventional therapy) & Group B (conventional therapy) 

Sr No Outcome p Value Effect Size Cohen’s d Remarks 

1 Modified Tardieu Scale 0.08 0.59 1.46 Non-Significant 

2 Fugl-Meyer (Wrist & Hand Component) 0.000 0.87 3.54 Significant 

3 Stroke Impact Scale (Hand Domain) 0.005 0.62 1.58 Significant 



696 Neuralease Workstation: Assessing Its Role in Spasticity and Functional Recovery in Stroke 

Figure 4.  Between Group comparison for Group A and B for Modified Tardieu scale, Fugl-Meyer Scale and Stroke Impact Scale 

Table 5.  User satisfaction of Neuralease 

Sr No Components of QUEST 2.0 Neuralease Work Station 

1 Dimensions 4.5 

2 Weight 4.3 

3 Adjustments 4 

4 Safe 4.4 

5 Durability 4.6 

6 Simplicity To Use 3.8 

7 Comfort 3.5 

8 Effectiveness 3.8 

9-12 Service NA 

4. Discussion

The Neuralease group's greater improvements with 

regular therapy are due to several key factors related to the 

rehabilitation program's design and the Neuralease 

Workstation's use. One of the primary reasons for these 

enhancements is the structured provision of repetitive 

task-specific training. Neurorehabilitation, especially for 

stroke recovery, is aided by the Neuralease workstation, 

which is backed by research. The Neuralease Workstation 

helps patients relearn how to move and strengthen the 

brain's pathways needed for voluntary movement by 

repeatedly using these pathways through structured and 

purposeful activities, which reduces spasticity in both 

groups significantly but it was not statistically significant 

in comparison amongst both groups. Additionally, the 

Neuralease device incorporates repeated training with 

neuro-modulatory inputs in the central nervous system, 

which helps to better activate both the spine and the brain. 

This extra benefit of the Neuralease workstation alongside 

regular treatment may also help lessen stiffness by 

balancing muscle tone. Another benefit of the Neuralease 

application is that it can be adjusted to match the stroke 

patient's abilities, making it possible to personalize their 

progress and change the difficulty of tasks. It maintains 

patient motivation and engagement throughout the 

rehabilitation process. 

This active involvement not only reinforces motor 

learning but also contributes to psychological benefits such 

as increased confidence and perceived control in stroke 

survivors during their recovery phase [20]. In this study, 

the Neuralease workstation facilitated consistent practice 

of task-specific movements, helping to retrain the brain and 

enhance motor function. 
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Additionally, the Neuralease workstation incorporated 

integrated wrist and hand support, which allowed for 

stabilization of the wrist and hand components. This 

stabilization enabled patients to focus more effectively on 

the rehabilitation of their wrists and hands rather than 

struggling with maintaining posture or alignment. The 

wrist support also helped maintain proper biomechanics, 

reducing compensatory movements and further aiding 

motor recovery (Nudo, 2013). Stabilization of these 

components is crucial for improving dexterity and fine 

motor skills, which are often significantly impaired in 

stroke patients [6,21]. 

Moreover, the adjustable pegs and various grips of 

different shapes and sizes used in the Neuralease 

workstation closely resemble the hand movements 

required in activities of daily living (ADLs). This focus on 

functional tasks has been shown to improve both motor 

function and the overall quality of life [22]. Engaging 

patients in exercises that mimic real-life activities is 

essential for enhancing motor control and improving the 

ability to perform ADLs, which directly impacts a patient’s 

independence and satisfaction [19]. 

The involvement of different grips, including precision, 

power, and lateral grips, challenged the hand muscles in 

varied ways, providing a comprehensive rehabilitation 

experience. This approach not only aids in improving 

motor function but also enhances brain-body coordination, 

stimulating neural pathways that contribute to recovery. 

Limitations of the study are, small sample size; blinding 

of investigator; short study duration and follow-up was not 

considered during the present research, so further studies 

can be done by blinding of assessor, with large sample size, 

follow-up and long duration effect that can be evaluated. 

5. Conclusions

The Neuralease workstation provided a multifaceted 

approach to stroke rehabilitation by incorporating 

repetitive, task-specific training; stabilizing the wrist and 

hand components; and promoting neuroplasticity. These 

factors, combined with the functional nature of the 

exercises, contributed to the significant improvements 

observed in motor function, quality of life, and user 

satisfaction in the Neuralease group, but in case of 

spasticity reduction both groups show similar 

improvement. 

Clinical Implication 

Present research underscores the Neuralease 

Workstation's application potential as a useful supplement 

for stroke patients for hand function improvement. This 

device effectively aids stroke recovery by reducing 

spasticity and improving mobility, especially in the upper 

extremities, making it a valuable addition to the traditional 

physiotherapy approach in stroke rehabilitation. 

Incorporating it into stroke rehabilitation programs 

improves muscle training by targeted stimulation, 

resulting in improved motor control, reduced muscle 

tension, and better outcomes. 

The Neuralease Workstation's excellent design and 

non-invasive approach make it more appropriate for both 

clinical and residential environments; hence, it is possible 

to apply at-home-based care to stroke patients. This 

workstation's feature facilitates the expansion of treatment 

outside the hospital setting, enhancing continuity of care 

and patient adherence. Treatment for spasticity leads to 

improved ability to perform daily activities, as indicated by 

higher scores on tests like the Modified Tardieu Scale, 

Fugl-Meyer Assessment, and Stroke Impact Scale. 

Clinicians may add the Neuralease Workstation to 

customized treatment plans for stroke survivors, 

particularly for those with moderate to severe spasticity for 

better improvement. Its capacity to improve muscle tone, 

motor performance, and manual dexterity may 

substantially improve quality of life and the activities of 

daily living. 

The Neuralease Workstation is a novel and 

therapeutically significant device in contemporary 

neurological rehabilitation for stroke patients. The 

beneficial effect on functional recovery and patient 

outcomes highlights the need for more research, including 

large sample sizes and other outcome parameters, to 

provide further evidence to incorporate into stroke therapy 

methods. Future studies with larger groups of patients and 

longer follow-up will strengthen its credibility and help 

create standard guidelines for its effective use in the 

physiotherapy practice. 
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