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Brief resume of the 

intended Research 

work (max 250 

words) 

 

Stroke burden continues to increase globally and it is a major neurologic 

cause of mortality, morbidity and residual deficits. Global burden of 

disease (GBD) 2013 reports stroke data from 1990-2013 i.e. 23 years as 

10.3 million incidences and 25.7 million prevalent strokes with 113 

million Disability Adjusted Life Years (DALY).1 While Asia accounts 

for almost two-thirds of the world’s stroke incidences2 in India the 

cumulative incidence of stroke as per stroke registries and community 

based surveys range from 105-152/100,000 population and the crude 

prevalence of stroke ranged from 44.29 to 559/100,000 persons in 

different parts of the country during the past decade.3-7 Age-adjusted 

prevalence rate was 262/100,000 in a rural community of Bengaluru and 

crude prevalence of 165/100,000 in Gowribidnur, in Karnataka. 8 

Research chronicles and literature have highlighted the deficits in hand 

function as one of the inclusive, incumbent reasons to be associated with 

reduced social participation and perception of autonomy among stroke 

survivors. Upper limb impairments persist in as much as 60% of stroke 

survivors and only 5-20% show complete functional recovery.9 This has 

been one prime area of focus for all stakeholders and multimodal 

rehabilitation enterprises are continually synthesizing evidence to refine 

the potential outputs. Over the past decade significant work and effort 

has been channelized in utilising technology as a tool to objectively 

evaluate, document, treat and timely follow up the progress of 

hemiparetic hand functions. 10 Complexity of technology, dynamics of 

use, expenses involved and scalability of the application are some of the 

commonly encountered challenges along with variable levels of final 

outcomes.11 Application of rehabilitation technology has seen a surge 

both for upper extremity evaluation and treatment following acquired 

neurological conditions like stroke. 12 A simple, novel system of therapy 

which addresses multiple paradigms of a stroke survivors’ requirements 

and participation is a Computer game- based rehabilitation interface 

designed by Szturm et al. 13 It is technology driven yet relatively 

inexpensive, robust, utilitarian clinical module with a greater value 

proposition which aims to provide precise assessment and also promote 



the efficacy of hand functions using the guided repetition of hand 

movements and interactive patient engagement.13 The provision of 

visual and multisensory feedback is a key attribute of this technology 

oriented tool.13,14 The feasibility trials conducted suggest that this 

method is a safe and feasible to be used for individualised task based 

objective upper extremity evaluation   as well as therapy involving 

tailored patient centric program consisting of manipulation of various 

objects in a progressive manner. 14 Thus, deployment of such inventive 

therapy form requires to be reinforced by a well-designed research work 

especially a full scale randomised controlled trial with a strong 

methodological quality and evidence for its usage. Subsequently, this 

study is proposed to understand the effect of this novel method of 

technology aided therapy delivery on dexterity functions of stroke 

survivors 

Need for the study 

(max 250 words) 

Stroke rehabilitation scenario in India is still in its emerging, elementary 

stages backed by primeval, rudimentary techniques while developing 

accessible, innovative, patient centred, culturally sensitive methods is of 

public health importance. 15 We greatly rely on various conventional, 

neurophysiological and functional approaches while adapting to the 

recent trends and accepting global advancements is desirable. The 

outcomes of our rehabilitative methods are variable with persistence of 

residual deficits and three-fourths of all Indian stroke survivors are left 

with moderate to severe disabilities 16, 17  while return to work was 

reported in a prospective study from South India at a meagre 20.7%.18 

The known evidences, merits and limitations especially with regards to 

various innovative technologies as elucidated in literature demonstrate a 

substantial quantum of scientific enquiry pursued by researchers 

overseas. Therefore, exploring newer, sophisticated and standardised, 

evidence-based methods to therapy is the need of the hour considering 

the burden of stroke. Contextually equating this with current practices, 

diverse social values, dynamic cultural paradoxes and economical 

constraints makes the task more challenging and intriguing. Inclusive 

therapy forms which are derived with an objective of flexibility in their 



approach, enticing in terms of patient compliance, lucid in conveying 

procedural language, simple in its execution while being affordable 

surely begs to be evaluated with regards to its clinical effects and 

outcomes.15 The Computer Game-based Rehabilitation technology 

considered in this research is a game oriented, interactive, supervised 

form of therapy focusing on practice of manipulation of real objects 

using the affected hand while achieving a game objective displayed on 

the screen with varying cognitive demands.13 No studies have been done 

in India which have researched the effect of the Computer Game-based 

Rehabilitation interface technology alongside conventional methods of 

neuro- physiotherapy practice on the hemiparetic hand functions till 

date. Therefore, there is a strong need for conduct of this proposed 

research work. 

 

 

a. Review of 

literature (max 

250 words) 

 

Upper extremity deficits due to stroke affect patients’ daily life 

activities, social participation and their odds of returning to professional 

activities.19 In India the cumulative incidence of stroke ranged from 105 

to 152/100,000 persons per year, and the crude prevalence of stroke 

ranged from 44.29 to 559/100,000 persons during the past decade. 3-7 

The neurological recovery after stroke display a nonlinear, logarithmic 

pattern 20. The greater part of recovery is reported to take place in the 

first 3 months following stroke. However, there is evidence that 

recovery is not limited to this time period alone. Techniques promoting 

distal motor capacities, bilateral movements seem efficient regardless of 

the poststroke duration.21 Kwakkel et al explain that improvement post 

stroke probably occurs through a complex combination of spontaneous 

and learning-dependent processes including: restitution (restoring the 

functionality of damaged neural tissue), substitution (reorganisation of 

partly spared neural pathways to relearn lost functions), and 

compensation (improvement of the disparity between the impaired skills 

of a patient and the demands of their environment) 22 Interdisciplinary 

complex rehabilitation interventions represent the mainstay of post-



stroke care. Carr and Shepherd suggested that poor upper extremity 

recovery may be due to the direct impact of the stroke itself as well as 

insufficient inadequate or inappropriate therapeutic interventions. They 

also comment on motor skill training where the training program should 

focus on performing a functional task, regardless of the motor strategies 

used.23,24 Little information is available however, to describe what best 

represents “optimum treatment”. 21A review of rehabilitation methods 

determined that a pragmatic stroke rehabilitation program based on task-

oriented repetitive training, exercising the hemiparetic hand and wrist 

ensure a positive functional outcome.25 

A precise, robust evaluation of hand function is essential and literature 

suggests scales including body function and activity measures 26, 27 like 

Wolf Motor Function Score (WMFT), 28,29 The Chedoke Arm and Hand 

Activity Inventory (CAHAI),30, 31, 32 Jebsen Taylor Hand Function test 

(JTHFT),33, 34, 35 Action Research Arm Test (ARAT), 36 Box and Block 

test, 37, 38 9 hole Peg Test, 39, 40 Fugl Meyer- Upper extremity assessment 

(FM-UE), 41, 42, 43 among many more tests that have been put to clinical 

and research use. Various techniques and methods have been employed 

and recent times have seen the emergence and surge of technology 

driven systems and gadgets that have been put to trial to assess their 

outcomes on the hemiparetic hand function with varied therapy 

durations ranging from 4-8 weeks and levels of evidences, value and 

challenges in the course of their actual implementation.44 

Apart from the traditional, conventional methods and approaches to 

exercise newer modules like the Constraint Induced movement therapy, 
45, 46, 47 Virtual Reality based approaches,48, 49 Robot Assisted Hand 

Therapies and Exergames, 50, 51 Mental Imagery, 52 Mirror therapy 53 

have been popular choices in the recent times and these advances have 

shown considerable quality and evidence supporting their utility. 14 

Recent Systematic review concluded that Computer-game-based 

therapy or non-immersive virtual rehabilitation is acceptable for upper 



limb rehabilitation after stroke and can be adapted for patient-specific 

needs 54 

A similar hand function evaluation and therapy designed by Szturm et 

al is a unique game activity-based engagement of a patient with stroke 

performing manipulation of real-life objects while looking to achieve a 

task that is demonstrated on the computer screen.13 Its been studied for 

use in children with cerebral palsy and feasibility trials14 have generated 

acceptable outputs when used in patients with stroke. A methodical 

study with a strong research design may help understand its evidence for 

clinical use in future with respect to hemiparetic upper extremity 

dexterity functions.    

 

b. Research question 

 

 

 

 

 

 

 

 

 

 

 

 

 Is the Computer game-based upper extremity function 

assessment tool (CG-UE) effective in measuring the upper 

extremity functions compared to the conventional outcome 

measures that are currently used? 

 Does Computer Game based Rehabilitation (CG-R) have a 

significant beneficial effect on dexterity functions of hemiparetic 

upper extremity and is it superior in its outcome compared to 

using conventional therapy in stroke survivors? 

 Does Computer Game based Rehabilitation (CG-R) for 

hemiparetic upper extremity function have a significant 

beneficial effect on stroke survivors’ Quality of life and is it 

superior in its outcome compared to conventional therapy? 

 Does Computer Game based Rehabilitation (CG-R) for 

hemiparetic upper extremity function have a significant 

beneficial effect on stroke survivors’ Cognitive function 

parameters and is it superior in its outcome compared to 

conventional therapy? 



c. Research 

Hypothesis 

 

 

 

 

 

 

c. Objective of the 

study 

 

 H0: There will be no significant effect of Computer Game based 

Rehabilitation (CG-R) on dexterity functions of hemiparetic 

upper extremity compared to conventional therapy in stroke 

survivors 

 H1: There will be a significant effect of Computer Game based 

Rehabilitation (CG-R) on dexterity functions of hemiparetic 

upper extremity compared to conventional therapy in stroke 

survivors 

 

 To evaluate the effectiveness of Computer Game based 

Rehabilitation (CG-R) interface on dexterity functions of the 

hemiparetic upper extremity in stroke survivors 

 To compare the effects of Computer Game based Rehabilitation 

(CG-R) interface on dexterity functions of the hemiparetic upper 

extremity against usage of conventional therapy. 

 To study the effectiveness of Computer Game based 

Rehabilitation (CG-R) interface used for upper extremity 

therapy on Quality of Life Measure in stroke survivors. 

 To study the effectiveness of Computer Game based 

Rehabilitation (CG-R) interface used for upper extremity 

therapy on Cognitive functions in stroke survivors 

 
 

 

 

 



Material and methods 

i. Source of data 

 

 

ii. Method of 

collection of 

data (including 

sampling 

procedure, if 

any) 

 

 

 

iii. Inclusion 

criteria 

 

 

 

 

 

 

 

 

iv. Exclusion 

criteria 

 

Study design: This is a mixed method study with a single blind 

randomised controlled trial design in which both quantitative and 

qualitative data will be collected.  

Consulting Neurologists and Qualified Medical practitioners from SDM 

Medical College and Hospital and in and around Hubli and Dharwad 

will be personally requested by the principal investigator for patient 

referrals for upper extremity rehabilitation following stroke. Thus, 

stroke survivors diagnosed by a qualified medical practitioner/ 

neurologist and referred to Department of Neuro Physiotherapy, SDM 

Medical College and Hospital for rehabilitation services will be 

considered for recruitment into the study.  

Screening: The patients will be screened at baseline by the principal 

investigator for eligibility of inclusion into the study using suitable 

clinical parameters namely Modified Ashworth scale (MAS), 

Brunnstrom stages of motor recovery for hand/shoulder-elbow and 

Montreal Cognitive Assessment (MoCA) 

1. First time stroke survivors 

2. Patients between the age- group of 40-70 years 

3. Both genders will be included 

4. Upper extremity spasticity less than or equal to 1+ on Modified 

Ashworth scale 55 

5. Brunnstrom hand recovery stages of 4, 5 for shoulder and elbow 

recovery stages of 4, 5 56 

6. Patients who demonstrate cognitive function on MoCA scale 

(defined as score >19/30)57 

7. Patients who demonstrate an ability to independently maintain 

sitting posture.  

8. Able to perform/ initiate little finger extension and/or shoulder 

abduction 58, 59, 60, 61 

 

1. Patients with visual, auditory deficits 



 

 

2. Patients having any other co-existing neurological conditions/ 

deficits 

3. Patients having any associated or pre-existing musculoskeletal/ 

neurological conditions impairing the hand functions 

4. Patients who are unwilling/ unable to participate 

 

Drop- out 

If a patient does not complete 5 consecutive sessions over a period of 2 

weeks then he/ she shall be considered a drop- out and will be 

discontinued from the study. 

Such patients will still continue with their regular therapy care and 

physiotherapy sessions as per their condition 



 

 

 

 

Study work plan as per CONSORT guidelines 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Referral to Neuro- 
Physiotherapy 

45 minutes of Computer game 
task practice (C-GR) supervised 

and guided by the PI 

Stroke diagnosis by a qualified 
neurologist 

Pre- intervention baseline evaluation by 
trained blinded assessor using CG-UE, 
WMFT, SSQOL & Cognitive measures 

Post intervention evaluation (4TH, 8TH, 12TH 
& 16TH week) by trained blinded assessor 

using CG-UE, WMFT, SSQOL, Cognitive 
measure and Qualitative interview 

Data collection 
and analysis 

Stroke rehabilitation 
exercise and care continues 

Randomization & group allocation by 
independent therapist using sequentially 

numbered sealed opaque envelope 
 

Experimental Group-B 
Computer Game based 
Rehabilitation C-GR(41) 

Control Group- A 
Conventional therapy (41) 

Sessions will be held 3 times a 
week over 12 weeks duration 

Sessions will be held 3 times a 
week over 12 weeks duration 

 

Willing to participate (N) 
Informed consent  

45 minutes of Conventional 
evidence-based set of exercise 
performance supervised and 

guided by the PI 

Patients meeting exclusion 
criteria/ Not willing to 

participate 

Data collection 
and analysis 

Baseline screening by PI for 
inclusion into the study- MoCA, 

Modified Ashworth scale, 
Brunnstrom stages of motor 

recovery 

Post intervention evaluation (4TH, 8TH, 12TH 
& 16TH week) by trained blinded assessor 

using CG-UE, WMFT, SSQOL, Cognitive 
measure and Qualitative interview 



 

i. Operational 

definitions/ 

Techniques 

employed 

 

Recruitment and Randomization: The eligible subjects thus screened for 

inclusion will be comprehensively explained the objective of the present 

research, the inclusive step-wise procedure, the duration of the therapy 

delivery and possible benefits. Such informed subjects are invited with a 

proposal to participate in the study. The subjects who express their 

willingness to partake will be recruited into the study framework and an 

signed informed consent will be sought and procured which will be 

designed as per the International Conference on Harmonization/ Good 

Clinical Practices guidelines (ICH/GCP) 62 and National ethical guidelines 

for biomedical research involving human participants published by the 

Indian Council of Medical Research (ICMR), New Delhi.63 A copy of 

comprehensive information sheet which provides the contact details of the 

principal investigator and explains the study particulars will be made 

available to the subjects. 

The randomization sequence will be generated at the start of the trial using 

a computerized random table method. This will be carried out by an 

independent therapist responsible for randomization and treatment 

allocation. Patients will thus be randomly allocated either into the 

intervention or control arm using a sequentially numbered, opaque sealed 

envelope method.  

Sample size and Power of the study 

The sample size is calculated using the standard deviation () values for 

WMFT scores from a prior study64 using the following formula 

n



Power of the study taken at 80% 



 







Substituting the above values into the formula, we arrived at a sample size 

of 34.88 per arm. 

We further adjusted the sample size considering 15% drop outs (i.e. d=0.15) 

using the formula  

n1= n/(1-d) 

The final sample size arrived at was 41.03 ~ 41 participants per arm  

Total sample size 82 participants 

Study Assessment: The subjects will subsequently be assessed as per a 

systematically outlined checklist by a neutral blinded assessor who is a 

qualified physiotherapist and trained to carry out the requisite evaluation 

using the clinical outcome measures. The assessor of the study outcome 

parameters will be concealed to the allocation sequence of the patients into 

control or intervention groups.  

Study outcome measures:  

 Computer game-based upper extremity function assessment tool 

(CG-UE)  

 Wolf Motor Function Test (WMFT)  

 Stroke specific quality of life scale (SSQOL)  

 Trail Making test A and B (TMT- A TMT- B) 

 Qualitative analysis  

Materials 

Computer game-based upper extremity function assessment tool (CG-UE)  

 Computer Screen 

 Inertial-based motion mouse (Scoop Pointer 87 Remote Model: 

RXR1000-0302E, Hillcrest lab) 

 Exercise games: www.bigfish.com 

 Computer game-based assessment software 



 Objects for manipulation and training- (1) Bottle (2) Mug (3) Door 

Knob (4) Ball (5) Manipulandum 

 Height adjustable table top 

 Data record proforma 

Wolf Motor Function Test (WMFT)  

 Box (cardboard) – 10” (25.45 cm), 8” (20.3 cm), 7” (17.8 cm) and 

6” (15.2 cm) height. This represents approximate shoulder height 

 Cuff Weight – 1 lb., with Velcro strap 

 Cuff Weight – 20 lbs., with removable 1 lb. weight inserts 

 Soft drink can – 12oz. unopened 

 Pencil 

 Checkers – three checkers of standard size 

 Index cards – three cards of standard size- 3-inch (7.62 cm) x 5 

inch (12.7 cm) 

 Dynamometer – standard grip strength 

 Lock and Key- Secured to a board that is placed at 45-degree angle. 

 Standard dish towel 

 Plastic or wicker tote basket with handle  

Related Items 

 Desk/Table – standard height, approximately: Height: 29 inches 

(73.5 cm); Width: 54 inches (137 cm); Length: 30 inches (76 cm) 

 Straight back chair without armrest 

 Template to be taped flush to the desk/table top to indicate test 

objects placement 

 Talcum / baby powder 

 Stopwatch 

Stroke specific quality of life scale (SSQOL)  

 Questionnaire and data record proforma 

Qualitative analysis 

 Response record proforma 

 Video (Interview Recording) 

 



Computer Game based Upper Extremity CG-UE assessment tool 13, 65, 

66 

The CG-UE evaluation tool uses a low-cost inertial-based (IB) motion 

mouse (Scoop Pointer 87 Remote Model: RXR1000-0302E, Hillcrest lab). 

It is miniature, wireless, plug-n-play computer interface device. The IB 

mouse contains a multi- axis gyroscope and firmware that detects 

instantaneous angular motion which causes the movement of a computer 

cursor or game paddle. Because the miniature motion mouse can be easily 

attached with Velcro to many objects, this approach provides a highly 

flexible assessment and treatment tool. Multiple objects with varied sizes, 

shapes, weights, surface properties and functional demands for precision 

(manipulation using 2/3 -finger grip, whole hand grip and bimanual) can 

easily be instrumented with the miniature motion mouse. These “mouse-

equipped” objects will be used to assess as well as practice many gross or 

fine motor skills.  

 CG-UE performance measures have shown high to moderate ICC values 

ranging from 0.87 to 0.51. There was a highly significant difference in 

performance measures between the healthy adults and stroke participants 

for all object manipulation tasks 67 

The CG-UE includes a computer game-based assessment application that 

will provide a standardized method to quantify motor performance with 

respect to manipulation tasks of many different real objects with direct in-

clinic supervision by a trained therapist who will be overseeing the entire 

procedure. The patients will be provided with a detailed description of the 

entire procedure and will also be given a demonstration and a trial on the 

unaffected upper extremity. To begin with, the patients’ details will be 

recorded and the assessment will be carried out by a blinded assessor. 

Participants will be seated at a table with adjustable height and each of the 

test objects will be placed on the table at a comfortable reaching distance. 

A 50 cm computer monitor will be placed 1.5 meters in front of the 

participant at eye level, which displays the game tasks. Participants will be 

provided with a demonstration of the game tasks and given practice trials 



using their unaffected arm to familiarize with the game task. The software 

will display a target object appearing at random locations at the top of the 

display and moving to the bottom within two seconds to disappear. One 

‘game event’ is defined as the time between the appearance of a target and 

its disappearance. The patient will be required to move chosen objects 

mounted with the mouse to move the game paddle and catch the moving 

target.  The upper limb movements of every ‘game event’ will be displayed 

as graphical outputs on the screen.  Computer Game based Upper Extremity 

CG-UE evaluation interface will be used to assess patients’ performance 

on 5 test objects and the output data will be stored.  The assessment tool 

automatically logs the client’s movement response to each game event, and 

computes various performance-based metrics, such as Success Rate (SR), 

Movement Error (ME), Movement Time (T) and Movement Variance 

(MV).68   Electronic records will be generated and stored digitally, which 

can be read as meaningful graphs and tables for reviewing patient progress. 

Wolf Motor Function Test (WMFT) 28, 29, 69 

The participants will also be assessed on the WMFT which is a quantitative 

measure of upper extremity ability that involves the timed performance of 

various functional tasks. It was specifically designed for adults with 

hemiplegia caused by stroke or other traumatic brain injury. 70 The original 

WMFT consisted of 21 items, but the more widely used version, the 

WMFT- 17, includes 15 function-based and two strength-based tasks. The 

first 6 items involve timed functional tasks, items 7 and 14 are measures of 

strength, and the remaining 9 items consist of analysing movement quality 

when completing various tasks. The hydraulic Saehan hand held 

dynamometer will be used in this study which is a valid and reliable tool to 

assess hand grip strength.71 WMFT scores range from 0 to 5, with 0 

indicating no attempt to use the affected extremity and 5 meaning normal 

use. The test takes approximately 35 minutes to complete and can be 

assembled independently by the practitioner. WMFT has demonstrated 

excellent Test- retest and Inter-rater reliability (range from 0.92 to 0.97) 

and also excellent concurrent validity (0.86 to 0.89) when compared with 



Upper extremity- Fugl Meyer Assessment (UE- FMA) and Action 

Research Arm Test (ARAT) 

Stroke Specific Quality of Life Questionnaire (SSQOL) 72, 73, 74  

It is a patient centred outcome measure intended to provide an assessment 

on Health-related Quality of Life specific to patients with stroke. Scale 

domain and items were derived from a series of interviews with patient’s 

post- stroke. Patients will be required to respond to each question of Stroke 

Specific Quality of Life Questionnaire (SSQOL) with reference to the past 

weeks. It is a self -report scale containing 49 items in 12 domains. The scale 

has minimum score of 49 and maximum score is 245. Items will be scored 

on a 5- point Likert scale. There are 3 different response sets. Patient will 

respond to each item using the corresponding response set as indicated on 

the scale. The scale outcomes will be interpreted as higher the score the 

better the functioning.  

The cognitive outcomes following the game-based rehabilitation of hand 

functions will be one more area of particular interest to be evaluated and 

will be administered by the psychology expert who will also be blinded 

from the randomisation and group allocation of the patients.   

Trail Making test A and B (TMT- A TMT- B) 75, 76  

The patients in both treatment arms will be assessed pre and post therapy 

using the Trail Making Test A and B (TMT) which is a measure of 

attention, visuo-motor speed, visual search and visual-spatial sequencing 

or scanning abilities and cognitive flexibility. Executive control also is 

known to play a role in TMT performance. The participant will be 

instructed to connect, by making pencil lines, 25 encircled numbers 

randomly arranged on a page in proper order in Part A and 25 encircled 

numbers and letters in alternating order in Part B. The patients who find it 

difficult to use the dominant hemiparetic hand will be tested using the 

nondominant hand. It will require about 5 to 10 minutes for test 

administration 



A 20-seconds practice time will be given to Part and the participant is 

expected to finish the test <180 sec and a practice time cut- off of 30 sec 

will be provided to Part B and successful completion is predicted <300 sec 

for TMT Part B. Scoring will be expressed in terms of the time in seconds 

required for completion of each of the two parts of the test. 

Qualitative outcome:  

Upon completion of the therapy program the patients will be invited to take 

part in an interview where a set of open-ended questions will be asked and 

the responses will be recorded.  

1. What did you like and dislike about the therapy program?  

2. What was difficult or challenging about implementing the therapy 

program for you?  

3. What did you think about the exercises and the computer games you 

were asked to play?  

4. How did you respond to the games/exercises? Which games did you 

enjoy, and which games you did not enjoy?  

5. Would you want to continue with the same type of therapy program? 

Why or why not? 

6. Are there any thoughts, queries or doubts regarding this treatment 

method that you would like to express or discuss with us? 

7. Kindly mention any other thoughts or suggestions. 

 

Intervention:  

Both the control and experimental arms then will receive their respective 

therapy procedures that will be personalized and coherent to the patient’s 

condition. The principal researcher will supervise the therapeutic sessions 

in both training groups and will guide correct movement execution 

according to motor learning principles i.e. smoothness of movement, 

reduced compensatory behaviours and practice of functional movement). 

Patients in either groups will be treated in a 1-to-1 setting in the neuro-

physiotherapy rehabilitation facility. Both group intervention will be given 



for a duration 45- 50 minutes each session and will be repeated for 3 

sessions per week for 12 weeks duration.  

Control group (A) intervention 77, 78, 79, 80, 55 

The Conventional therapy (CT) will consist of exercises which will be 

selected autonomously by the researcher as appropriate to the patients’ 

physical impairments and efficiency. Patients will receive specific 

rehabilitation of the upper limb consisting of stretching manoeuvres, 

exercises- assistive active or resistive, in many directions of the upper limb 

workspace- exercises for movement control, shoulder flexion and 

extension, shoulder abduction and adduction, shoulder internal and external 

rotation, elbow flexion and extension, forearm pronation and supination, 

reaching movements and hand grasping-release tasks. In the CT group, all 

exercises will be performed in either supine or sitting position and will be 

replicated as much as possible to maintain comparable exercise content in 

both treatment groups in terms of duration, type of feedback provided by 

the therapist concerning the quality of movements as well as the use of 

compensatory strategy. Exercise program will be progressively increased 

in terms of complexity by the Principal researcher and individual task-

oriented exercises will be introduced- Exercises for hand posture, exercises 

for manipulation and hand grasping, exercises to improve proximal and 

distal coordination. Each training program will be personalized to patient’s 

motor capacities and the duration of single exercise and repetitive task 

training will be adapted to the patients’ physical competence. A regular 

therapy session will broadly include 

 5-10 minutes of stretching followed by  

 15-20 minutes of NDT based activities for developing upper 

extremity control  

 15-20 minutes of functional training  

The sessions will be guided and supervised by the principal investigator. 

The exercise intensity will be increasingly advanced and the task will be 

modified as per the progression demonstrated by the patient. 



Experimental group (B) intervention. 13, 65, 66 

An innovative Computer Game -based Rehabilitation Platform (CG-R) 

developed by Szturm et al in will be utilised in the present study in which 

task-oriented training exercises are coupled with interactive computer 

gaming 

The experimental group intervention that involves computer game task 

practice will be given at the Neuro-physiotherapy OPD duly supervised and 

guided by the principal investigator. The experimental group also receives 

45 minutes sessions for 3 times a week over 12 weeks duration.  

This method uses benefits of ergonomic properties of common real-life 

practical objects to augment limited and small amounts of voluntary 

movement to begin with. Later an appropriate switch to objects having 

more demanding movement requirements or functional demands will be 

introduced and practiced.  

This will provide graded practice with variable object properties for 

activities that need to be repeated in daily activities and in play. An 

important module of the platform is the ability to integrate the component 

of movement precision. The game demands will be made more complex by 

way of adding cognitive demands which will be accomplished by 

introducing distractors into the game module as the patient shows 

progression with the play parameters.  

The therapist will prescribe an integrated program to target specific goals 

using the clinical knowledge of the therapeutic value of objects and games 

activities. In a manner similar to interval training, 5-6 objects will be 

selected for exact therapy goals like shoulder motions, movements of 

finger/wrist or elbow, 2- 3 finger control tasks and also of bimanual 

controls.  Opportunities to exercise tasks tailored to individual patient 

abilities makes the program distinctly unlike the usual reaching outs or 

transfer activities.   



Each object manipulation exercise will be used for 2 to 4 minutes. A 

number of possible objects which, when instrumented with the motion 

mouse, can be used for the game-based exercise program.  

Different computer games require different levels of movement amplitude, 

speeds, precision levels, as well as repetition and appeal to individual 

preferences. Many inexpensive “off the shelf” action and cognitive-type 

computer games are available to play; these will be selected by the treating 

therapist based on (1) degree of difficulty; (2) movement amplitude, speed, 

and accuracy (3) visual-spatial processing requirement and (4) personal 

appeal and preferences.  

The various objects that will be used during a typical session may include  

1. Bottle 2. Mug  

3. Door Knob 4. Ball (Varied sizes)  

5. Cone 6. Manipulandum. 

Computer games in this study will be individualised to the patient and the 

following few are examples of games that may be used. 

Computer game 

1. Aqua Ball and Action Ball. 

a. Horizontal, single-axis brick buster with slow to moderate speed, 

and low to moderate movement precision. 

b. Small to moderate number of distractors and simple to complex 2D 

backgrounds. 

2. Jar of marbles and butterfly escape. 

a. Horizontal, single-axis matching colours with slow to moderate 

speed and low to moderate movement precision. 

b. Small to moderate number of distractors and simple and moving 

backgrounds. 

3. Owls and bubbles. 

a. A single-axis game that requires the player to move the mouse cursor on 

bubbles to pop them and free the owls to fly away. 



4. Hummingbird. 

a. A single-axis game that requires the player to move the bird up and 

down so that it touches the flowers. 

5. Feeding frenzy. 

a. Two-axis game play with slow motion element and low to moderate 

movement precision. 

b. Moderate to large number of distractors. 

Patients will be re- assessed at 4- weeks, 8- weeks, post intervention at the 

end of 12- weeks and a repeat follow up assessment will be performed at 

16- weeks on the outcome measures listed above. The 16-week assessment 

will be performed to look for the carry-over effect of the intervention.  The 

patients may be later considered for continuation of the computer game- 

based therapy in their respective home- setting using the telerehabilitation 

opportunities also. It will be adequately ensured that the assessor will be 

kept blinded to the randomisation and group allocation of the subjects 

through-out the entire length of the study period. The data obtained will be 

analysed using suitable statistical tests.  

Statistical Analysis 

For Quantitative analysis 

Measures of central tendency, Distribution of sample (Normal Distribution) 

Based on that for each variable parametric, non- parametric test will be used 

and ANCOVA will be used  

For Qualitative analysis 

Grounded theory-based themes and quotes will be generated and 

descriptive analysis will be done.  

 

 

 



Operational Definitions 

1. Dexterity81 is broadly defined as “fine, voluntary movements used to 

manipulate small objects during a specific task.” More specifically, it 

refers to manual dexterity, the ability to grasp and release objects with 

use of the hand, and fine-motor dexterity, the in-hand manipulation of 

objects.  

2. The Computer game-based assessment68 tool uses the interactive 

application Neuro-Function Evaluation (NFE) Software that 

 Produces “standardized” computer-generated tasks with choices (game 

events), which to guide and elicit goal-directed movement responses. 

 Records players’ (patients’) movements and choices during each game 

event. task. 

 Performs advanced data analysis methods to quantify players’ motor 

and cognitive performance, and generates reports of objective outcome 

measures. 

3. Success Rate (%) is the percentage of the total number of Target 

Objects that are caught in one game session.  

4. Response Time (milliseconds) is the time from target appearance to the 

start of the game paddle movement. Values for response time are 

determined for each individual game movement response, then the 

average (mean) and the standard deviation will be computed over the 

group of game movement responses for each direction and movement 

amplitude. 

5. Movement Time (milliseconds) is the time from the start of the game 

paddle movement (response time) to the time it reaches its plateau at 

the point the target disappears. Values of movement time will be 

determined for each individual game movement response and then the 

average (mean) and the standard deviation is computed over the group 

of game movement responses for one game session.  



6. Number of Valid Game Movement Responses and total number of 

game events for both medium and large amplitude movements are 

computed. The total number of game events for medium and large 

amplitude movements is presented along with the number of game 

events with a valid response time. A valid response time is one where 

the client produces a game movement towards the target object within 

1000ms. A game movement initiated after 1000ms is not considered a 

valid response.  

7. Absolute Movement Error is the distance between the game paddle 

and the Target Object at the time of its disappearance. This would be 

zero if the game paddle touches/catches the moving Target Object. A 

movement error can be either an overshoot or undershoot of the target. 

8. Movement Variance: The individual movement traces for each 

direction in one game session are averaged and the standard deviation 

computed for each sampled data point. The standard deviation value for 

all sampled data point is summed to obtain the total variance. This is 

reported as the movement variation. Units are %of screen width/height. 

9. Manipulandum: Modular, computer-controlled device which operates 

as assistive or resistive to various finger, thumb and wrist movements 

while performing goal directed manipulation tasks. 
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Does the study require 

any investigations or 

interventions to be 

conducted on patients 

or 

humans or animals? If 

so, please describe 

briefly 

 

Yes, this research work aims to study stroke survivors and involves 

evaluating the hemiparetic hand functions using Computer game-based 

procedure and usage of clinical scales like the Wolf Motor Function Test 

(WMFT) and Quality of life measure– Stroke Specific Quality of Life 

(SSQOL) questionnaire and Cognitive outcome measure. The study further 

involves therapy interventions including rehabilitative exercises and game-

based activity training utilising the Computer Game Based Rehabilitation 

interface.  

Has ethical clearance 

been obtained from 

your institution? 

The current study is presented to the Institutional Ethics Committee (IEC), 

SDM Medical College and Hospital for review and Ethics approval and 

clearance has been obtained. 

Is the proposed 

research project 

novel?   Give details 

(max 150 words) 

Yes, this is a novel research work proposed to be conducted on individuals 

with motor impairments affecting the hand and arm due to stroke. The 

therapy involves standardized, computer-guided tasks designed to be 

accomplished using real objects having a broad range of physical properties 



and functional demands rather than a joystick or game handle which is 

frequently used in game-based interventions making this hand training 

technique unique in its approach and more meaningful for the patients. The 

objects used for manipulation are sensory enriched and provide a better grip 

to hold and dynamically move as per the need. It allows for unilateral 

independent practice of hemiparetic hand movements while also allowing 

bidirectional reversal of movement pattern. The progressive addition of 

cognitive challenges and motivation towards performance may add to better 

training approach and overall recovery. Furthermore, this proposed research 

work also aims to assess the influence of this method on cognitive abilities 

and his overall Quality of life taking into account the holistic view of the 

patient  

What is the expected 

contribution of the 

research project to the 

existing knowledge 

base? (max 150 

words) 

This project may contribute to the understanding of neural plasticity and 

cortical reorganisation mechanisms observed through transformation in 

functional aspects of the hand. The idea of amalgamating real time object 

manipulation practice while influencing a computer game phenomenon as 

opposed to training in virtual environment alone is noteworthy. We may 

also be able to compare the difference of outcomes while using the 

traditional methods of rehabilitation and computer game-based interface 

driven program. Further we may be able to appreciate likely association of 

this training method on the patients’ perceived QOL and cognitive function 

outcomes. Thus, a novel, task oriented, technology-based therapy module 

used in the present study should help refine the important dimensions of 

rehabilitation practice and shed light on the tenets of understanding multiple 

facets of hand function recovery post stroke.  

What is the expected 

advantage of the 

research project to the 

society at large? (max 

150 words) 

Stroke literature mention that 60% of patients persist with long term deficits 

of the upper limb 8 while only 5-20% patients show functional recovery. 

These are alarming statistics and surely calls for methods and options to 

expedite and maximise the potential benefits driven by therapy. It is 

imperative that hand function is a chief feature that dictates an individuals’ 

autonomous, purposeful behaviour and social participation. Improved 

abilities to use the hand may assist a stroke survivor get back to certain 

feasible remunerative vocation and thus greatly adds to enhancing a 



person’s self-reliance and independence in carrying out his routine chores. 

Recovery of hand functions greatly influences a person’s community 

engagement, social life, leisure/ work involvement and augments the 

holistic blend into the social fabric. Focusing on these scopes to therapy 

while making it meaningful for the patient and the caregiver in multiple 

ways makes this proposal clinically and socially relevant.  

What is the expected 

advantage of the 

research project in the 

regional area? (max 

100 words) 

Twin cities, Dharwad and Hubli, the urban locales with multiple semi-urban 

and rural communities in the surrounding vicinity are in early phases 

towards embracing technology in different facets of daily living. 

Introduction of a technological avenue like the computer game-based 

rehabilitation provides opportunities for meaningful institutional therapy 

which will be non- monotonous while also presenting with a vast array of 

choices to both the healthcare providers and patients to engage in new-

fangled concepts of rehabilitation. Opportunities for telerehabilitation may 

be a consideration for future which may open a wide array of choices and 

possibilities for distant yet periodic follow-ups and close monitoring of the 

stroke patients remotely. Looking ahead telerehabilitation could be a 

welcome change in the face of arduous logistic hassle of ferrying the 

patients regularly for therapy and also in situations like the ongoing 

pandemic.  

 

 

 

 

 

 

 

 

 

 

 

 



 


