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ABSTRACT 

TITLE: Effectiveness of Rehabilitation Manipulandam Device in improving 

hand function in children with Neurodevelopmental disorders- A Feasibility 

Randomized Control Trial 

Introduction: There is a need for innovation to improve engagement and 

compliance   of rehabilitation programs for children With Upper extremity (UE) 

motor impairments due to neurodevelopmental disorders.  A Computer game-

assisted    rehabilitation platform (GRP) was developed to address this need. 

With the novel application of a miniature inertial-based computer mouse and 

taking advantage of the wide variety of commercial computer games, the GRP 

can provide engaging task-specific exercises for rehabilitation of    manual 

dexterity 

Objective: A feasibility randomized clinical trial was conducted to evaluate the 

effectiveness of Rehabilitation Manipulandam device for improving hand 

function using GRP in children with neurodevelopmental disorders  

Methods: A total of 34 children with CP (age 4 to 10 years) were recruited in 

the study. The Peabody Developmental Motor Scale-2, a) Grasping, b) Visual-

Motor Integration (VMI) subtest, Quality of Upper Extremity Skills Test, Goal 

Attainment Scaling and a Computer game based assessment  of manual 

dexterity were used to assess participants pre and following  a 8 week 
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intervention program  delivered thrice per week. The Experimental group (XG) 

received a computer game-assisted exercise program targeting object 

manipulation tasks using various handles of Rehabilitation Manipulandam 

Device. The active control arm consisted of task specific training similar to the 

tasks used in conventional therapy. 

Results: Both the XG and control group (CG)    groups showed significant 

improvements pre- to post-intervention with p- value <0.05. But experimental 

group showed better improvement than control group with respect to higher 

mean values. Improvements   in the PDMS-2 Grasp and VMI, QUEST and GAS  

scores observed in the XG group were significantly   greater than that in the CG 

group. The CUE assessment tool performance measure showed mixed time* 

group interaction effects.   

Conclusion:  This study demonstrates the utility of the game based 

rehabilitation with commercially available games to exercise a broad range of 

hand manipulation tasks using Rehabilitation Manipulandam Device targeting 

major components of hand function in children with neurodevelopmental 

disorders. The changes were larger in the group receiving RMD with GRP 

intervention as compared to conventional task-specific therapy.  

 

Key words:  Neurodevelopmental disorders, Rehabiliation Mnipulandam 

Device, Game based rehabilitation Program, Upper extremity. 

CTRI number: CTRI/2021/07/034903. 
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Development consists of linked domains of sensori-motor, cognitive-

language, and socialemotional function.
1
 a continuous view of development 

says that humans change and grow through a continuous and measured 

process, growing at more or less even and slow pace and acquiring more 

complex linguistic, cognitive, behavioral skills and social-emotional 

components in a even fashion as they age. Meanwhile, Discontinuous 

theories actualize development in a stage-specific pattern, where individuals 

will experience a rapid change when transitioning from one stage to stage, 

but experience relatively very little change during one developmental 

period.
2 

Child development is usually organized into four domains like infancy (ages 

0 -2), toddlerhood and preschool years (ages 2-5), childhood (ages 6-11), and 

adolescence (ages 11-18).
2
 

Stages and domains of the  development include linguistic development, 

motor development social-emotional development, Cognitive development, 

and Behavioral development throughout their infancy, toddlerhood, 

childhood, and adolescence, usually developing youth negotiate certain 

milestones or tasks that will occur at certain time points, in each of the 

cognitive, motor,  behavioral, linguistic and  social-emotional domians.
2 

Neurodevelopment is defined as the dynamic interrelationship between brain, 

environment and genes wherein the brain will develop across time to 

establish, motor, sensory, cognitive, cultural, socio-emotional and behavioral 
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adaptive functions. 
3

 Early child neurodevelopment refers to the function and 

organization of the central nervous system (CNS).  

According to DSM-5, neurodevelopmental disorders are the group of 

conditions with an onset in the developmental period. The disorders usually 

manifest early in the development, often before the child enters school, and 

are characterized by developmental deficits that will produce impairments 

related to personal, academic, social or occupational functioning of the child. 

The range of developmental deficits will vary from very specific limitations 

of learning or control of executive functions to global impairments such as 

intelligence or social skills.
4
 

Neurodevelopmental disorders (NDD) are the class of disorders arising from 

the impairments occurring in the developing brain and/or in the central 

nervous system. They are generally considered as neurodevelopmental in that 

by definition they arise during the developmental period, that is, during the 

prenatal, ante-natal, post-natal, infancy and early childhood periods. The 

NDD also include intellectual developmental disorders with a known 

metabolic or  genetic  etiologies, congenital brain injuries or traumatic  

including conditions such as cerebral palsy, also,  prenatal exposures such as 

fetal alcohol syndrome, and disorders of social relatedness such as autism 

spectrum disorders (ASD).
5 

The minimum pooled prevalence for all NDD is 7.5 per 1000, being higher 

for neurological disorders(11.3/1000) than for mental disorder studies 

(3.2/1000)
6. 
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There are considerable differences in the prevalence of severe or moderate 

neurodevelopmental disorders in LMIC, ranging from 19 to 63 per thousand 

in older children.
7 

All-site pooled estimates for NDD’s were 9.2% and 13.6% in children of 2-6 

years and 6-9 years of age categories, without any significant difference 

according to gender, rural/urban residence or religion.
8 

DSM-5, classify NDD as Intellectual Disability, ADHD, Autism Spectrum 

Disorder (ASD) , Specific Learning Disorders Communication Disorders, 

and Motor Disorders (e.g. developmental co-ordination disorder and tic 

disorders) as “Neurodevelopmental Disorders”
9 

Upper extremity: 

Embryological development of hand: 

Limb development usually starts around the day 26 of embryonic life. The 

entire series can be broadly divided into two phases. Phase 1 which will 

determine the site in the human embryo where the limb develops. This 

usually results in the positioning of limb competent tissue, wherein the 

totipotent mesodermal and ectodermal elements get specialized and are 

directed towards the formation of a limb. Phase 2 consists of the actual 

growth and patterning of this limb bud.
10 

AXIS FORMATION AND DIFFERENTIATION: Around the 4th week of 

development, the tentative upper limb fields are developed. The upper limb 
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bud will emerge as a bulge of lateral plate mesoderm, covered by a thin, 

outer layer of ectoderm, Following formation of the limb bud, development 

will proceed along 3 axis: anteroposterior (radial–ulnar), proximal–distal and 

dorsal–ventral. . Development and differentiation of each axis is controlled 

by a number of cells that will signal sequence of information to the local cells 

and organize tissue along its axis; that is called signaling centers 
11 

 

The development of  paddle-shaped limb buds  

emerge from the embryo's lateral wall at the  

beginning of the sencond month of intra-uterine 

 life.The mesenchyme of limb buds is derived from 

 (the Parietal layer of) the lateral plate mesoderm.  

Bones, connective tissue, and certain blood vessels 

 are all produced by this mesenchyme. The forelimb 

 buds appear a little  earlier than the hindlimb buds. 

 Each forelimb bud divides into an arm, forearm, and hand  

as it develops due to constrictions.. The hand itself soon shows outlines of 

the digits. 

The digits separate from one another as a result of cell loss in the interdigital 

zones. The forearm's preaxial bone is the radius. In a later development, the 

forelimb is adducted to the side of the body
12 

 

 

FIGURE 01 

FIGURE 02 
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Motor milestones of upper extremity: 

There have been three proposed methods for the development of skilled 

actions. According to the dynamic systems concept, both the growing 

nervous system and its interactions with perceptual functions and the 

environment play a role in how new motor abilities are acquired. 

The interaction of the developing nervous system with newly emerging 

cognitive processes and the changing features of the environment is further 

highlighted in the information processing approach. 

According to the developmental theory, the development of motor skills is a 

result of the nervous system maturing and is primarily influenced by internal 

changes in the body. 

The development of reaching and manipulative skills emerges progressively 

throughout early infancy and childhood, although there are some aspects of 

reaching that are thought to be innate.
13 

 

THE FOLLOWING TABLE GIVES SUMMARY OF HAND FUNCTION 

FROM BIRTH TO 4 YEARS
12  

4 weeks Hands predominantly closed. Grasp reflex. 

6 weeks Often open. Grasp reflex may be lost. 
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8 weeks Frequently open. Only slight grasp reflex. 

12 weeks No grasp reflex. 

Hands loosely open. 

Holds the rattle in the and for at least a minute.. 

16 weeks Hands come together as he plays. Hand regard 

still present. 

Pulls dress over face in play. 

tries to reach something with their hands but 

misses it. 

20 weeks Able to grasp objects voluntarily. Plays with toes. 

Crumples 

paper. Splashes in bath. Objects taken to mouth. 

Cube—grasps; bidextrous approach; takes it to 

mouth. 

24 weeks Holds bottle. Grasps his feet. 

26 weeks Feeds self with biscuit. 

Likes to play with paper. Takes all objects to 

mouth. 

32 weeks Can pick up object of size of currant between tip 

of finger 

and thumb. 

40 weeks Goes for objects with index finger. 

1 year Mouthing virtually stopped. 

Beginning to throw objects to floor (‘casting’). 

  

      15 months 

      Cubes Builds tower of two. Holds two cubes in one       

hand. 

Ball Cannot throw without falling. 

Dressing Likes to take off shoes. 

Feeding Feeds self, picking up cup, drinking, 

putting it down 

 

2 

years 

Turns door knob, unscrews lid. Washes and dries 

hands. 

3 

years 

Can help to set table 

4 

years 

Can button clothes fully. 
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Assessment of hand function: 

Importance of assessment of hand function: 

The earliest sign of mobility impairments in children with cerebral palsy is 

poor hand function.. Hand disability varies according to the underlying 

pathology and the timing of the injury to the developing brain.
14 

The upper limbs are mostly affected, with significant hand and wrist 

involvement from an early age. Continuing from the infancy, affected 

children may have abnormal hand postures such as thumb adduction and/or 

flexion with limited wrist extension, as well as more proximal abnormalities 

of upper limb tone, posture, and function n, which also impact on hand use.
15 

These impairments caused will hamper the structural and functional abilities 

of a child that are necessary for activities of daily living and participation in 

school, play and leisure  

Function of the upper limbs (ULs) is essential for fundamental daily tasks 

like self-care, work, relaxation, domestic chores, and social interaction. 

 

 

Children with NDDs frequently display a loss of arm-hand function, which 

prevents their handedness from growing as it should according to biology.. 

Hence it is very important to assesss the hand function in children with neuro 

developmental disorders.
16 
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Various Assessment tools used for hand function: 

SCALE AUTHOR POPULAT

ION 

AGE RELIABIL

ITY 

/VALIDIT

Y 

SCORING ADVANTA

GES AND 

DISADVAN

TAGES 

QUEST 

Quality 

of Upper 

Extremit

y Skills 

Test 

 

Carol 

DeMatteo, 

Mary Law 

cerebral 

palsy, 

congenital 

muscular 

dystrophy, 

or an 

acquired 

brain injury 

18 

months 

to 8 

years 

Excellent 

test-retest 

reliability 

(p=.92) 

Excellent 

concurrent 

and 

construct 

validity with 

the Peabody 

Developmen

tal Fine 

Motor 

Subscale 

(PDMS-FM) 

total score 

(r=.84) 

i. Item-level 

scores of  2 or 

1, determined 

by quality of 

assessed 

position or 

movement; 2 

if movement 

quality is  

achieved, 1 if 

movement 

quality is not 

achieved 

ii. Item scores 

are summed; 

formulas are 

used to 

calculate 

percentages 

for each 

domain 

iii. Domain 

percentages 

are summed 

and divided 

by number of 

domains to 

obtain total 

score 

iv. Minimum 

score = 0, 

Maximum 

score = 100 

i. Advantages

: The 

outcomes 

within each 

domain of 

the test 

helps to 

guide 

intervention 

ii. Reliable 

and valid in 

different 

pediatric 

populations 

 

 

PDMS-2 

Peabody 

Develop

mental 

Motor 

Scale 

 

Rhonda 

Folio and 

Rebecca 

Fewell 

cerebral 

palsy, 

congenital 

muscular 

dystrophy, 

neurodevel-

opmental 

birth 

to 5 

years 

(72 

month

s) old 

high 

concurrent 

validity to 

Mullen 

Scales of 

Early 

Learning & 

composite scores 

of Gross Motor 

Quotient, Fine 

Motor Quotient, 

and Total Motor 

Quotient 

Advantages: 

Clear 

descriptions of 

scoring, 

qualifications 

for 

administering, 
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disorders Bayley 

Scales of 

Infant 

Developmen

t 

can be used in 

a variety of 

populations, 

gross/fine/total 

motor 

Disadvantages:  

ost, 

qualifications 

for 

administering, 

time to 

administer 

 

ABILHAND-

KIDS 

Questionnaire 

 Cerebral 

palsy, 

Neuromus

cular 

disorders, 

Multiple 

sclerosis 

6-17 

years 

Excellent Test-

Retest 

reliability(r=0.91)(I

CC= 

0.81)(ICC=0.98),E

xcellent inter-rater 

reliability(ICC= 

0.91) Excellent 

Intra Rater 

reliability (ICC= 

0.9). Excellent 

convergent validity 

with Manual 

Ability 

Classification 

System(r=-0.88, 

p<0.05) 

It refers to the 

activity domain of 

ICF. 3level 

response scale for 

each item, rated as 

‘Impossible=0,Diff

icult=1, Easy=2, 

Not 

applicable=missing 

data’. 

4 level response 

scale rated as 

‘Impossible=0,Diff

iculty=1,Easy=2, 

Very easy=3, not 

applicable=missing 

data. 

 

Melbourne 

Assessment 

of Unilateral 

Upper 

Extremity 

Function 

 Cerebral 

Palsy 

 

 Standard Error of 

measurement 

(SEM=2.6%) 

MDC= 7.10%), 

Test/Retest 

reliability- 

Excellent for total 

score (CCC= 0.98 

& 0.97 

respectively, 

Excellent intrarater 

reliability (ICC= 

0.80) Excellent 

interrater reliability 

(ICC= 0.99), 

Excellent construct 

validity with PEDI 

and QUEST  

Components 

measured include- 

range of 

movement, target 

accuracy, fluency, 

grasp, accuracy of 

release, finger 

dexirity. Scoring is 

completed for 37 

item sub-scores 

using 3,4 or 5 point 

scale. Minimum 

score is 0, 

maximum score is 

122.  

Advantage- 

Reported as 

percentage 

with higher 

scores 

reflecting 

greater 

quality of 

upper limb 

movement 



INTRODUCTION 

 

 Page 10 
 

 

 

(p=0.94 and 

r=0.87) 

respectively 

Canadian 

Occupational 

Performance 

Measure 

 Cerebral 

Plasy, 

Spinal 

cord 

injury, 

brain 

injury 

6-17 

years 

Internal 

consistency- using 

adapted form of 

COPM internal 

consistency 

reliability for 

performance 

(Cronbach’s 

alpha=0.73) and 

for satisfaction 

(Cronbach’s 

alpha=0.83). 

responsiveness- 

MCID= 2 points 

Involves 5 step 

process nested 

within semi-

structured 

interview. The 

interview focuses 

on identifying 

activities within 

each performance 

domain that the 

client wants, needs 

or expected to 

perform. Following 

step 3, patient and 

therapist create 

goals for 

therapeutic 

intervention 

Advantage- 

COPM has 

been 

translated 

into 3 

languages 

and is used 

in over 35 

countries. 

Disadvanta

ge- A 

caregiver/p

roxy may 

respond on 

patient’s 

behalf, but 

they may 

not identify 

the same 

deficits or 

problems 

as patient 

would and 

there may 

be 

differences 

in opinion 

 

 

Pediatric 

Evaluation of 

Disability 

Inventary 

  

 

Pediatric 

Disorders 

 

 

0-8 

years 

 

 

Excellent inter 

rater reliability for 

care giver 

assistance(ICC=0.9

9) and modification 

domain(ICC=0.91) 

of normative 

sample, excellent 

intra rater 

reliability on all 

domains with ICC= 

ranging from 0.70- 

0.98. 

 

 

It measures 

functional status in 

the domains of self 

care, mobility, and 

social function . 

functional skills 

includes 1977 

items, each item is 

rated 0-1 for 

performance 

capability. 

Caregiver 

assistance includes 

 

 

Advantages

: 

Scaled 

scores can 

be used for 

children of 

all ages 

because 

scaled 

scores are 

not 

adjusted for 

age. It is a 
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Internal 

consistency- 

excellent 

correlation between 

functional skills in 

self care, mobility 

and social function 

in infants<2.0 

years (r=0.87, 

0.90,0.89 

respectively) 

Construct validity- 

excellent 

correlation between 

PEDI and Wee- 

FIM( r=0.92) in 

total functional 

skills  

20 items, each item 

rated 0-5 for 

assistance level. 

Modifications 

includes 20 items, 

rated N (No 

modifications), C 

(Child-oriented), 

R(Rehabilitation 

equipment)or 

E(Extensive 

modifications), 

scores are 

distributed from 0-

100 with higher 

scpres representing 

greater 

functionality. 

paper based 

assessment 

administere

d via 

parent/care

giver 

report, 

structured 

interview, 

observation 

or 

professiona

l judgment 

of 

therapists 

or by 

combinatio

n of 

methods. 

 

 

UPPER EXTREMITY AND HAND IN NEURODEVELOPMENTAL 

DISORDERS: 

Children with NDDs often exhibit a loss of arm-hand function and as a 

consequence, their handedness is prevented from developing as biologically 

programmed. Alternatively, depending on how the motor dysfunction is 

lateralized, it manifests as a trait that was developed "a priori". Children with 

NDDs are also denied the aiding hand contribution, which is essential to the 

economy of ULs motor performance, because one of their upper limbs is 

compromised. These diseases may be congenital (such as unilateral cerebral 

palsy, UCP), which alters the course of development, or they may appear 

after a time of health (e.g. tremor). 

Due to the fact that many daily activities include the coordinated use of both 
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hands, these deficits have a significant influence in both situations (e.g. 

dressing, self-care).
16

 

The upper limbs are frequently afflicted by CP, with the wrist and hand being 

significantly impacted from an early age. Affected children may have 

abnormal hand postures that have persisted throughout infancy, such as 

thumb adduction and/or flexion with limited wrist extension, as well as 

closer-located disorders of upper limb tone, posture, and function that also 

affect hand use. Progressive motor system disorders can result from 

postlesional aberrant plasticity. Hand use issues are a result of sensorimotor 

and visual dysfunction as well as developmental neglect. Progressive soft 

tissue and bony changes may occur, leading to contractures, which further 

limit function in a vicious cycle
.15 

 

The outcome measures which we will be using in our study will be PDMS-2 

(Peabody Developmental Motor Scale version 2,), QUEST (Quality of Upper 

Extremity Skills Test) and GAS (Goal attainment scaling). 

 

 

 

Peabody developmental motor Scale – 2(PDMS-2) 

A standardised, norm-referenced test is the PDMS-2. 11 151 items from 4 

subtests—reflexes, stationary, locomotion, and object manipulation—make 

up the GM composite of the PDMS-2. The grasping and visual-motor 
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integration subtests together form the 98 items that make up the FM 

composite. 249 items from all subtests are included in the total motor (TM) 

composite. Items on the PDMS-2 are given a 3-point rating (0, 1, and 2); a 

score of 2 is given when the child completes the task in accordance with the 

item's criteria; a score of 1 denotes the emergence of the behaviour but partial 

fulfilment of the criterion for successful performance; and a score of 0 

denotes the child's inability or refusal to attempt the task.The norms in the 

PDMS-2 handbook can be used to determine the standard scores and 

developmental age equivalents on each subtest from the outcomes of the raw 

scores on each PDMS-2 subtest
.17 

Quality of Upper Extremity Function Test (QUEST): 

The QUEST is an impairment-based assessment tool that contains questions 

primarily about hand function while simultaneously evaluating the 

movements of adjacent joints. In addition to testing deficits, it evaluates 

actions including picking up objects like cereal, pencils, and cubes. The test 

consists of 4 domains (dissociated movements, grasp, weight bearing, and 

protective extension) and is based on the traditional theories of neurologic 

development. The QUEST's objective is to offer a qualitative evaluation of 

hand function following early neurologic damage. 

The QUEST has four domains: protective extension (36 items), weight 

bearing (50 items),dissociated motions (64 items) and grasps (24 items). 
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 The performance standards for each domain are clearly stated. For each 

item, the scores are "yes," "no," or "not tested" for all 4 domains. Each 

domain's scores are calculated  with a formula that compensates for not-

tested items. Scores are rounded to two decimal places and range from 0 to 

100. The result of dividing the overall test score by the number of domains 

tested is the sum of all domain scores.
18 

Goal attaining scaling: 

Goal attainment scaling (GAS) is a technique for exhibiting the extent to 

which goals have been achieved on common scale recordings.
19 

In the pediatric rehabilitation settings or centers, it is extremely impportant to 

measure the  child's progress towards individual goals. Such measurements 

must be specific and individual. Heterogenicity of developmental disabilities, 

goals, and interventions of the treatment must be kept in accordance. The 

diversities of the population often convince the researchers to use generic 

standardized measurement tools or health-related quality of life (QoL) 

measures to calculate all these in their study; however, these  tools include so 

many items that this limits their specificity and  responsiveness to change. 

Hence a possible solution for measurement in these heterogeneous groups is 

the use of individual measurement tools, considering the given example is 

goal attainment scaling (GAS).2 GAS is a method of measuring individual 

progress towards individual set goals.
20
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These goals should follow (SMART) i.e. specific, measurable, acceptable, 

relevant, and time-related. In GAS each goal is rated on a 5–point scale with 

a degree of attainment captured for each goal: 

 

+2 – Much more than expected outcome 

+1 – Somewhat more than expected outcome 

 
0 - Expected level of outcome 

-1 – Somewhat less than expected outcome 

-2- Much less than expected outcome.
 

On the basis of this 5-point scale we will calculate the baseline GAS and 

outcome GAS.  These values will give us the percentage of change of each 

goal i.e. how much percentage of the goal that was set before, whether it has 

been increased or decreased.
19-20 

 

Importance of improving hand function: 

The use of one's upper limbs (ULs) is essential for performing daily tasks 

like self-care, work, recreation, home routines, and social interaction. The 

action is carried out by one hand, with assistance from the opposite hand's 

motor function. Since the assisting (or non-dominant) hand creates a stable 

environment in which the dominant hand can perform a specific activity, like 

writing, or actively participates in the movement, like in playing an 

instrument or participating in sports, the left and right hands are equally 

important in bimanual activities.
16 
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As a result of this lack of arm-hand function, which is common in children 

with NDDs, their handedness is unable to develop as biologically 

programmed.  Due to the fact that many daily activities involve the 

coordinated use of both hands, these deficits have a significant impact on 

daily function (e.g. dressing, self-care). Therefore, increasing hand function 

is very important. 

 

Treatment to improve hand function: 

Medical management: 

Botulinum toxin type A (BoNT-A) has been recognised over the past 20 

years as a significant therapy option for children with cerebral palsy who 

have spastic movement disorders. Today, BoNT-A is only one part of the 

multi-disciplinary model of managing such patients, In younger children, the 

motor development is still evolving, and in order to assist therapy goals and 

maximise the child's potential, BoNT-A treatment generally targets spastic 

muscles that are limiting development.
21 

BoNT-A can also  be used once more to target specific muscles in older 

children whose motor development is essentially complete and whose motor 

patterns are established in order to maximise function and lessen pain and 

stiffness. BoNT-A is used for a wide range of indications, including the 

facilitation of physiotherapy stretching, the fitting of orthoses and casts, and 
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the management of spasm-related pain, including post-operative pain, in the 

context of achieving specified goals. 

Other drugs like Baclofen, Diazepam, Dantrolene and Tizanidine are some of 

the most commonly used drugs for generalized spasticity
21 

A literature shows that intrathecal baclofen (ITB) treatment in patients with 

cerebral palsy (CP) is able to reduce spasticity.  The Food and Drug 

Administration authorised the use of intrathecal baclofen for the management 

of  spasticity of cerebral originy in June 1996. The drug is infused directly 

into the subarachnoid space through a catheter connected to a pump that is 

placed into the abdomen, under the external oblique muscle and the 

abdominal straight muscle fascia.  

Results suggested that there was increase in total score of Melbourne 

Assessment of Unilateral Upper Limb Function scale demonstrates an 

improvement in the quality of upper limb function due to the spasticity 

reduction.
22 

Surgical management: 

Children born with hand deformities and upper-limb deficiencies often 

undergo reconstructive surgery or are fitted with hand prostheses early in 

life.
23 
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Surgery of the arm and hand in children with CP aims to re-establish the 

balance between the spastic flexor muscles and the weaker extensor muscles. 

The surgical procedures involve spastic muscle release and tendon transfer. 

Children with spastic diplegia exhibit spasticity of the lower extremities that 

impairs the quality of movement and the acquisition of developmental skills. 

Selective dorsal rhizotomy (SDR) is a neurosurgery technique used mostly in 

children with bilateral spastic cerebral palsy to relieve spasticity (CP). The 

operation is most widely performed at the lumbosacral level to reduce 

spasticity in the lower limbs and includes surgical interruption of the afferent 

input of the monosynaptic stretch reflex.
24 

At 6 months and 1 year following SDR, ambulatory children with spastic 

diplegia show qualitative as well as functional gains in the performance of 

developmental activities. According to our research, qualitative changes, 

improved alignment, and greater postural stability in a variety of 

developmental positions become more noticeable at 6 months following 

SDR, whereas functional skill improvements and increased independence in 

transitional movements become more noticeable at 1 year following SDR.
25 

Non – Pharmacological treatment for improving hand functions: 

There are various therapies used to improve hand function in children with 

neurodevelopmental disorders like, Constraint Induced Movement Therapy, 

Hand-and arm Bimanual Intensive Therapy, various Exercises, technological 
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based therapies, computer game based therapies etc. 

Constraint‐induced movement therapy (CIMT) is a new emerging treatment 

approach used in 

Children with hemiplegic cerebral palsy. It aims to reduce the effects of 

developmental neglect  

by increasing spontaneous use of the afflicted upper limb. 

Usually, it includes restraint of the affected extremity and vigorous practice 

of the weaker extremity's movements. CIMT includes three key elements:  

(1) Limiting the use of the less-impaired upper extremity (UE); 2) practising 

motor movements with the impaired UE intensely and repeatedly every day 

under the direction of a therapist for an extended period of time (two to three 

weeks); and 3) shaping more complex action patterns by rewarding 

successive approximations to the target action. 

The type of constraint employed the level of intensity, the length of training, 

outcome evaluations for the treatment and other aspects of protocols vary 

greatly. 

Generally speaking, all report increases in functional use, with little to no 

side effects following the therapy.
26 

For the first two to four weeks of CIMT therapy, the unaffected upper 

extremity was bound in a splint or cast for the most of the day. Intensive 

therapy sessions lasting six or more hours per day were frequently combined 

with this.
27 
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CI therapy has several major limitations in time. Most importantly, along 

with their unilateral difficulties, children with hemiplegia also suffer 

problems with respect to bimanual coordination. In order to promote 

functional independence during daily activities by using both hands in 

cooperation, an intervention method was required. As a result, they 

developed a new intervention for children with hemiplegia, i.e. 

Hand‐arm bimanual intensive training (HABIT), to address the limitations of 

CI therapy and also to improve bimanual coordination. HABIT retains the 

two major elements of pediatric CI therapy (child‐friendliness and intensive 

structured practice). The given methodology demonstrates that immense 

targeted practice can be provided to a child, in a child‐friendly manner 

without using a physical restraint, although the efficacy of such an approach 

remains to be determined. 

A motor-learning-based training programme called Hand-Arm Bimanual 

Intensive Therapy (HABIT) aims to improve the quantity and quality of 

hands-on work done while doing bimanual activities. Children with USCP 

who participated in camp-based tests of HABIT between the ages of four and 

eight showed improved bimanual skills.
28 

 To determine HABIT's effectiveness in treating children with mild to 

moderate hand involvement due to hemiplegic CP, a single-blinded 

randomised control research was conducted. The findings imply that HABIT 

appears to be effective in enhancing bimanual hand use for this specifically 

chosen subgroup of children with hemiplegic CP. Motivational play therapy, 
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not forced-use therapy, is now used in addition to the repetitive task practice 

principles of mCIMT and HABIT. 

Computer based Rehabilitation 

These adapted therapy programs often use virtual reality or digital media-

based platforms as part of therapy. The idea behind adding such play therapy 

platforms is to provide an engaging, interactive component to the protocol 

while ensuring the child is performing a given task or function in a repetitive, 

trial-and-error based, safe environment. Many commercially available 

gaming systems are now used for rehabilitation. 

 

The Nintendo Wii ™ (Wii) is a commercially available video game console 

that uses a hand-held remote controller to detect the movements made by the 

player while holding the controller. It can detect the movements of the 

controller in multiple dimensions 21. Studies have examined the 

effectiveness of using this virtual reality system for the rehabilitation of hand 

function in children with CP.
29 

Use of motion capture technology such as the Microsoft Xbox Kinect™ 

(Xbox) is another novel rehabilitation tool for the treatment of upper 

extremity function impairments in children with CP. 

To summarize, digital media-based protocols can provide a fun, engaging, 

motivating platform for upper extremity rehabilitation in children with CP 

and can be effective in improving children’s therapy compliance.  
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One more known method is virtual reality. VR is a simulation where a 

realistic-looking world is made using computer graphics. A wide variety of 

industries can benefit from the usage of VR technology because the resulting 

synthetic world is dynamic and responsive to user input (gestures, verbal 

commands, etc.) In VR, there are several special devices for this purpose: 3D 

position trackers, navigation and manipulation interfaces, gesture interfaces, 

and so on. 

In order to provide natural gesture detection based on contact with the virtual 

world, hand gesture interfaces in a particular measure the real-time location 

of the fingers or wrist. 

A data glove essentially consists of a number of sensors that can be used to 

track the location of the hand's palm and individual fingers. The main 

differences between these gloves are the type, quantity, and resolution of the 

used sensors, as well as whether they are wired or wireless. However, data 

gloves have a high price and are distributed by specialized companies.
30 

      A subsequent protocol using color tracking cameras and color markers to 

play web-based custom-made video games was developed. They conducted a 

randomized controlled trial of a protocol called “Move It to Improve It” 

(Mitii) to improve occupational performance, upper limb function, and visual 

perception protocol for children with unilateral CP. 

Because of traditional methods such as CIMT and HABIT objective and 

subjective measures of hand functioning has limitations in recording child’s 

outcome regularly and recording child’s movements, an assessment tool was 
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developed namely, the Computer game-assisted Upper Extremity assessment 

Tool (CUE) which we will be using in this study as an assessment tool. It 

records a child’s movements and computes measures of movement quality. 

The CUE includes a custom-designed rehabilitation assessment game, which 

is capable of monitoring a child’s performance during therapy
.31

 

The CUE quantifies motor skill parameters, as well as, visual-spatial skills 

and executive functions. It produces electronic records for these outcome 

measures and thus allows tracking of changes over time.  

It can also provide timely feedback to children and therapist. CUE tool 

provides the following outcomes: 

a. Success Rate: It is the percentage of the total number of target objects that 

were caught in one game session. 

b. Response time: It is the time taken from target appearance to the start of 

the game paddle                      movement 

c. Movement time : It is the time taken from the start of the game paddle 

movement  

 (Response time) to the time it reaches its plateau at the point the target 

disappears. 

d. Absolute movement error: it is the distance between the game paddle 

and the target object at the time of disappearance. 

e. 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. 
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Which we will use as our outcome measures in demographic date assessment 

sheet.
31 

A game-based assessment application and Neuro Function Evaluation is 

developed for the Computer games based Rehabilitation, which will provide 

us a standardized method of quantifying task performance of prescribed 

exercises. The automated monitoring tool was designed to provide the 

following: 

 a) timely feed back to the child and parent, and b) to provide objective 

outcome measures of performance for each exercise session .The Neuro- 

Function Evaluation (NFE) Software is an  

interactive game- based application that: (1). Produces “standardized” 

computer- generated tasks with choices (game events), which is used to guide 

and elicit goal- directed movement responses.  

(2). Records child’s movements and choices during each game event task. 

 (3). Performs advanced data analysis methods to quantify child’s motor and 

cognitive performance, and generates reports of objective outcome measures. 

Thus it is reliable and valid.
32 

In this study we will be incorporating a treatment tool as well as an 

assessment tool named Rehabilitation Manipulandum Device (RMD). The 

device is a low-cost, easy-to-use and equipped with smart monitoring and 

also assistive technologies to engage rehabilitation-based computer 

interactions, i.e. game-based repetitive task practice (RTP). The RMD 

consists of a compact chassis that houses an actuator, interfacing board and 
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power train. A variety of interchangeable 3D printed “therapy” handles of 

different shapes and sizes can easily be attached to the RMD drive shaft. The 

handles are designed to practice a broad range of Manual dexterity  

skills involving thumb, fingers and wrist. The RMD interface functions 

similar to a USB-operated plug-and-play computer mouse. Handle 

movements can be used to play many inexpensive, common , fun and modern 

computer games that will require different movement amplitudes, speeds, 

precisions and cognitive enhancements of the patient. The focus of this 

device is concentrated on rehabilitation of manual dexterity for children with 

neuro developmental disorders. Finger-hand function is more targeted to 

extend the utility beyond gross reaching or transport movements, since the 

ability to handle and manipulate objects is very much important and an 

integral part of everyday life. The proposed device allows patients of all ages 

and levels of impairment to perform, game-based repetitive-task hand 

function exercises.  

The device is designed in such a way that it is capable of automatically 

recording and storing the patient’s performance and usage time of a 

particular task. The first step in this study is to  

determine the reliability/validity of RMD as an assessment tool for manual 

dexterity skills and establish its therapeutic effectiveness in a clinical setting. 

Then given the proposed device, exercise programs delivered at homes or in 

rural communities can be managed on a regular basis by clinicians without 

the need for patient travel. Remote clinical-support will be possible with 
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protocols that can be easily updated, creating better-targeted and personalized 

solutions for patients.
33 

As there is a need of repetitive task practice (RTP) -based rehabilitation 

platform that focuses not only on gross but also fine motor function in 

children with CP. For this purpose a low-cost computer game-assisted 

rehabilitation (GRP) platform with a wide variety of readily available low-

cost computer games has been developed. This approach combines fine 

motor object manipulation and gross movement exercises with computer 

game activities based on goal-directed task practice appropriate for young 

children with CP. GRP is consistent with the principles of mCIMT and 

HABIT based on newer combination therapies.
26-28. 

Hence we will be using 

GRP to improve participation of children in therapy and also hand 

functioning i.e.both gross and fine motor movements with RMD.
33 

 

As there is a need of a treatment protocol which can monitor child’s 

performance and participation in an exercise intervention we will be using 

CUE (Computer game assisted assessment tool) scores to fulfill the need of 

the above mentioned issues. As in the pediatric rehabilitation centers or 

setting, measuring children’s progress towards individual goals is extremely 

important we will be using GAS (Goal Attainment Scaling) as our outcome 

measure  and also to keep a track on whether the decided goal of an 

particular child has attained. 

As the above mentioned traditional physiotherapy treatment methods have 
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many limitations in getting child focused on therapy for unimanual 

impairments, we will be incorporating this new rehabilitation manipulandum 

device (RMD) as our assessment and treatment tool to improve hand 

functioning using repetitive task practice based computer game associated 

rehabilitation platform by engaging them in fun activities and games, 

meanwhile concentrating on targeted treatment protocol. 
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                  AIMS AND OBJECTIVES: 

 

 To study the test-retest reliability of Rehabilitation 

Manipulandum Device  

 

 To study the Effectiveness of Rehabilitation Manipulandum 

Device for improving hand  functioning in children with 

neurodevelopment disorders between the age 4-10 years using 

PDMS-2 , QUEST scale, CUE scale and goal attainment 

scaling as outcome measures 
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FLOW CHART 01: 

 

  

Data extracted from Google Scholar, when searched for development of 

hand, 7,00,000 results were found and 72,70,000 articles were found on 

development of hand function, 1,30,000 articles were found on 

development of hand function in children with neurodevelopmental  

disorders, 3 articles were extracted from that 

1,81,000 results were found when searched for prevalence of 

neurodevelopmental disorders in children, 76,100 articles were found 

when searched for prevalence of hand function disorders in children with 

neurodevelopmental disorders, 64,10,000 articles were found when 

searched for various assessment tools used for hand function, 1760 results 

were found on reliability and validity of pdms-2, 5010 results for QUEST, 

22,700 results for GAS. 

20,500 results were found when searched for physiotherapy 

management for hand function impairment in children with 

neurodevelopmental disorders, 6560 results were found when searched 

for physiotherapy management using VR for hand function impairment 

in children with neurodevelopmental, But no article was found on use of 

rehabilitation manipulandam device along with CGR for improving hand 

function 
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Flow chart 02: 

  Data extracted from PUBMED, 10,30,000 results were found when searched 

for development of hand, 7605 articles were found on development of hand 

function in children, 782 articles found on development of hand function in 

children with neurodevelopemental disorders, out of which one article was 

selected  

When searched for children with neurodevelopmental disorders 5 results 

were found, 29,682 results were found on prevalence of neurodevelopmental 

disorders in children,  198 results were found on prevalence of hand function 

disorders in children with neurodevelopmental disorders. 

When searched for reliability and validity of pdms-2 , 17 results were found 

when searched for  35 results were found, 3 results on reliability and validity 

of QUEST, reliability and validity of pdms-2 in children with NDD, 56 results 

found on reliability and validity of GAS in children with NDD, out of which one 

article has been selected 

When searched for use of CIMT for hand function in children with NDD, 2 

results were found, 2 results were found for HABIT for hand function in 

children with neurodevlopmental disorders, 12 articles found on 

Physiotherapy for hand function impairment in children with 

neurodevelopmental disorders, 2 articles on VR for hand function 

impairment in children with neurodevelopmental disorders, no articles were 

found for use of  rehabilitation device along with computer game based 

rehabilitation 
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FLOW CHART 03: 

  Data extracted from Science Direct, when searched for prevalence of 

neurodevlopmental disorders 17,402 results were found, 7647 articles 

were found when searched for physiotherapy for hand function in 

chidlren 

When searched for virtual reality for hand function in children with NDD, 

8910 results were found, 1624 articles were found when  searched  for 

computer game based rehabilitation in children with NDD 

When searched for assessment tools used for hand function in children 

with Neurodevelopemental disorders, 1502 articles were found, 31 

results found for PDMS-2 for hand function in children with 

Neurodevelopemental disorders, 98 results were found on QUEST for 

hand function in children with Neurodevelopemental disorders 
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FLOW CHART 04: 

 

 

 

 

 

 

 

 

 

 

 

 

 

When extracted data from Cochrane library, 28 searches 

were yielded when searched for Neurodevelopmental 

disorders, 30 results were found when searched for hand 

function impairment. 

When searched for prevalence of Neurodevelopmental 

disorders, 2 articles were found,  9 results were found when 

searched for validation of QUEST, 

4 results were found when searched for computer game 

based rehabilitation, when searched for use of Virtual 

reality for hand function in children we found 1 article, 

no results were found when searched for used of 

computer game based rehabilitation platform along with 

rehabilitation device for improving hand function in 

children with Neurodevelopmental disorders 
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REVIEW OF LITERATURE 

Electronic searches were conducted in Google Scholar, Science Direct, 

Pubmed,  Pedro, Cochrane. The search terms used were Neurodevelopmental 

Disorders in children , Hand function, physical therapy for improving hand 

function, physical therapy AND Hand function AND Children, exercises for 

hand impairments, hand function impairments in children with 

neurodevelopmental disorders, Exercise Interventions for children with 

neurodevelopmental disorders AND hand function impairments, Computer 

game based rehabilitation, Computer game based rehabilitation in children 

with hand function impairment. 
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Neurodevelopmental Disorders: 

In a study conducted in India, researchers evaluated 3,964 children (with 

nearly equal numbers of boys and girls dispersed in the 2- >6 and 6-8 years 

of age groups) who were drawn from five geographically varied populations. 

All kids underwent evaluations for intellectual disability, epilepsy, 

neuromotor impairments, including cerebral palsy (NMI-CP), hearing 

impairment, speech and language difficulties, and autism spectrum disorders 

(ASDs) (ID). Additionally, learning problems and attention deficit 

hyperactivity disorder (ADHD) were evaluated in children aged 6 to 9 years 

old (LDs). Children aged 2–6 and 6–8 years had NDD estimates of 9.2 

percent (95 percent CI 7.5–11.2) and 13.6 percent (95 percent CI 11.3–16.2), 

respectively. When these were modified for the national rates of stunting or 

low birth weight, the pooled estimates for prevalence increased by up to three 

percentage points (LBW). The most prevalent NDDs among the locations 

were HI, ID, speech and language impairments, Epi, and LDs. According to 

risk modelling, NDDs were substantially correlated with noninstitutional 

delivery, history of prenatal asphyxia, neonatal illness, postnatal 

neurological/brain infections, stunting, LBW/prematurity, and older age 

category (6–9 year). According to the report, NDDs in children between the 

ages of 2 and 9 represent a considerable public health burden for India. HI 

was greater than the reported global literature1, and ASD prevalence was 

comparable.
8 
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A systematic review was done in accordance with PRISMA criteria with a 

goal to interpret the current evidence on the prevalence of 

neurodevelopmental disorders (NDDs). Empirical studies complying with the 

PRISMA guidelines were identifed from four databases (PubMed, Scopus, 

Science Direct, and ProQuest) and systematically reviewed. Study included 

17 articles in total. Their results suggested that : In the scientifc literature, 

there have been only a few studies measuring the prevalence of NDDs 

according to the DSM-5 (2013) criteria in people under 18 years old. The 

reported prevalence rates were as follows: intellectual disability (ID), 0.63%; 

attention-defcit/hyperactivity disorder (ADHD), 5–11%; autism spectrum 

disorder (ASD), 0.70– 3%; specifc learning disorder (SLD), 3–10%; 

communication disorders (CDs), 1–3.42%; and motor disorders (MDs), 0.76–

17%.All of the reviewed studies support the idea that such disorders can be 

considered chronic, heterogeneous, underdiagnosed conditions and that 

comorbidity of multiple NDDs is the norm. The studies reviewed lead us 

them to conclude that the prevalence rate of NDDs fuctuates globally 

between 4.70 and 88.50%; these variations depend on methodological 

aspects such as estimation procedures, as well as on sociocontextual 

phenomena.
34

 

Neurodevelopment disorders (NDD) are a group of disorders that  manifest 

typically  early in development and are characterized by developmental 

deficits and delayed milestones  that produce impairments of personal, social, 

academic, or occupational functioning . They include attention-deficit 
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hyperactivity disorder (ADHD), autism spectrum disorders (ASD), epilepsy, 

intellectual disability, visual impairments, hearing impairments and motor 

impairments including cerebral palsy etc.  Some disorders overlap, for 

example in children with epilepsy, ASD occurs in 22%, ADHD in 33%, and 

behavioral/emotional problems in 30–50%. Although more than 80% of the 

world’s births occur in low and middle-income countries (LAMIC), most of 

the epidemiology of NDD is based on data from developed countries. 

Planning of public health interventions is hampered by the absence of precise 

epidemiological data on NDD in less developed nations.
6
 

According to American Psychiatric Association’s fifth edition of Diagnostic 

and Statistical Manual of Mental Disorder NDD’s are the disorders that  

typically occur in early development and are described by developmental 

abnormalities which will lead to functional impairments in personal, social, 

intellectual, or occupational areas . The deficits of disorders are widely 

ranged from very specific limitations of learning or communicative skills to 

global impairments of social interactions or intellectual function
.35 

A study was done to see the factors associated with the diagnosis of 

neurodevelopment disorders- a Population based longitudinal study. Their 

objective was to investigate the occurrence of newly diagnosed mental 

retardation, attention-deficit/hyperactivity disorder, and autism and 

sociodemographic factors associated with their distribution in Taiwan, they 

looked at variations in the age of initial diagnosis related to urbanisation and 

socioeconomic level. The methods used are: The data for this study were 



REVIEW OF LITERATURE 
 

 Page 37 
 

derived from the 1996–2004 National Health Insurance Research Database in 

Taiwan. A total of 1.8 million beneficiaries who were born between 1996 and 

2001 were located, and follow-up intervals of 3 to 8 years were used. And the 

results observed was each of the 3 neurodevelopment disorders had distinct 

incidence rates and associated factors. For instance, the rate of autism 

climbed 14% from 2000 to 2004 compared to the birth years of 1996 to 1999, 

although the rate of newly diagnosed mental retardation fell between 42% 

and 50% within the same time frame. Autism and attention-

deficit/hyperactivity disorder have higher incidence rates in later birth 

cohorts. Comparing rural and lower socioeconomic level children to their 

urban and better socioeconomic status peers, the likelihood of receiving a 

diagnosis of mental impairment was decreased in early childhood and raised 

in school years.
36 

 

An article was reviewed stated early intervention to improve hand function in 

children with hemiplegic CP. Children with hemiplegic cerebral palsy have 

marked hand involvement oftenly with excessive thumb adduction, flexion 

and limited active wrist extension from the time of infancy. In children with 

Post-lesional aberrant plasticity can lead to progressive abnormalities of the 

developing motor system. Factors that contribute for difficulties in usage of 

hand are mainly disturbances of somatosensory and visual function and 

developmental disregard. Progressive soft tissue and bony changes may 

occur, which will lead to contractures, which further limits function in a 
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vicious cycle. It is believed that early intervention might help to break this 

cycle, however, the precise nature and appropriateness of the intervention 

must be carefully considered.  

Traditional approaches to the hemiplegic upper limb include medications and 

botulinum toxin injections to manage abnormalities of tone, and surgical 

interventions to correct contractures. It is said that there has been a recent 

increase in interventions for the hemiplegic upper limb, mostly aimed outside 

the period of infancy. They are trials of constraint-induced movement 

therapy (CIMT) and bimanual therapy(HABIT) as well as the use of virtual 

reality and robot-assisted therapy.
15 

 

A study was done review the interventions to improve upper limb function 

for children with bilateral cerebral palsy. Their aim was to systematically 

review the efficacy of interventions on upper limb function in children 0 to 

19 years of age with bilateral cerebral palsy on the basis of outcome 

measures of upper limb function and measures of activities according to the 

International Classification of Functioning, Disability and Health. two 

independent raters namely Sackett’s level of evidence and the American 

Academy for Cerebral Palsy and Developmental Medicine (AACPDM) 

guidelines were used for methodology.  Results showed that only one of 

these trials meeting the inclusion criteria showed strong methodological 

quality: a study on hand–arm bimanual intensive therapy including lower 

extremities. They identified a large variety of interventions, heterogeneity in 
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outcome measures, and generally weak to moderate methodological quality 

for most studies. Hence they recommended further research specifically 

aimed at bimanual-intensive, goal-directed, and task specific training 

programmes for the upper limb in children with bilateral cerebral palsy, using 

either high-quality (multicentre) trials or well-designed single-case trials.
37 

 

Assessment and outcome measures for hand function: 

One study investigated the interrater reliability and measurement error of the 

Melbourne Assessment of Unilateral Upper Limb Function (Melbourne 

Assessment) and the Quality of Upper Extremity Skills Test (QUEST), and 

21 children with hemiplegic CP (15 females, 6 males; mean age 6 years, 4 

months [SD 1 year, 3 months], range 5-8 years]) were examined to see the 

relation between these two scales . The videotapes of the evaluations were 

rated independently by two raters in a randomised sequence. Three 

participants were level 1, one participant level 3, eight participants level 4, 

three participants level 5, one participant level 6, and five participants level 

7, according to the House Classification. High inter-rater reliability was 

demonstrated by the QUEST and the Melbourne Assessment (intraclass 

correlation 0.97 for Melbourne Assessment; 0.96 for QUEST total score; 

0.96 for QUEST hemiplegic side). The standard error of measurement and 

the smallest detectable difference was 3.2% and 8.9% for the Melbourne 

Assessment and 5.0% and 13.8%for the QUEST score on the hemiplegic 

side. According to correlation research, both scores address various 
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dimensions of upper limb function.
38 

 

One study was done to examine the test-retest reliability and the 

responsiveness of the PDMS-2 for children with CP Subjects. 32 children 

with CP (aged between 27 and 64 months) who received treatment 

participated in  the study.. A physical therapist gave the PDMS-2 to each 

child three times: at the beginning of the investigation, one week later, and 

three months later. The reliability was evaluated using the agreement 

between the first two measurements. The responsiveness was evaluated using 

the variation between the first and third measurements.. Results suggested 

that the composite scores on the PDMS-2 had good test-retest reliability 

(intraclass correlation coefficient=.88–1.00). The sensitivity-to-change 

coefficients ranged from 1.6 to 2.1, and the responsiveness coefficients 

ranged from 1.7 to 2.3. Study  results provide strong evidence that the 3 

composites of the PDMS-2 had high test-retest reliability and acceptable 

responsiveness. Children with CP who are 2 to 5 years old can use the 

PDMS-2 as a motor assessment tool.
17 

 

A study was conducted to test the reliability and validity of PDMS-2 scale in 

Brazilian children. The background of the study was the Peabody 

Developmental Motor Scales - Second Edition (PDMS-2) has been used by 

health and educational professionals to evaluate the motor abilities of kids 

with normal development, delays in motor and/or cognitive development, 
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and impairments. Their aim was to investigate the validity and reliability of 

PDMS-2 for use in Brazil. The methods used was following: For content 

validity, 13 professionals participated in the study. The PDMS-2 was used to 

evaluate construct validity in a group of 637 children age 0 to 71 months (0 

to 23 months: 399; 24 to 71 months: 238).. The final results showed that the 

PDMS-2 administered to the Brazilian population has Psychometric 

characteristics equivalent to the original version. Finally they concluded that 

PDMS-2 is a valid and reliable tool for evaluating Brazilian children's motor 

development and providing appropriate support for clinical and educational 

intervention plans and follow-ups.39 

 

One study's goal was to examine how well the Quality of Upper Extremity 

Skills Test (QUEST) measures construct validity in kids with cerebral palsy 

(CP). A convenience sample of 94 CP children participating in clinical and 

research treatment programmes (54 males, 40 females; mean age 6 years and 

10 months, SD 2 years and 11 months; range 2 to 16 years; Gross Motor 

Function Classification System levels I to V) yielded a total of 170 QUEST 

evaluations. Items on the QUEST requiring elbow flexion and/or forearm in 

pronation were simple to complete, decreasing test sensitivity. Items related 

to postures in the grip domain exhibited inconsistent behaviour and little 

correlation with total score. 
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Total score calculation is discouraged. It is advised to report QUEST results 

for each limb and each domain separately. It is advised that the posture 

elements in the grasp domain be eliminated from the test because they had 

minimal bearing on overall scores.
40 

 

A study was done where the clinicians were interested in assessment and 

outcome measurement of upper extremity (UE) function and performance in 

children with cerebral palsy (CP) and believed it must be choosen from a 

wide range of tools. They systematically reviewed the literature for UE 

assessment and classification tools for children with CP to compare 

instrument content, methodology, and clinical use. 21 tools were identified 

for further analysis and searched HaPI, PubMed, CINAHL Plus, and Google 

Scholar databases to identify all validity and reliability studies, systematic 

reviews, and original references. Results suggested that the tools identified 

covered ages birth to adulthood ,and International Classification of 

Functioning, Disability and Health domains addressed by these tools 

included body function, body structure, activities and participation, and 

environmental factors. They concluded the study saying  that familiarity with 

the psychometric and clinometric properties of assessment and classification 

tools for the UE in children with CP greatly improves the ability of a 

clinician to choose and apply these tools in routine clinical practise for both 

clinical decision-making and outcome assessment.
41 
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Interventions to improve hand function: 

An article was reviewed stated early intervention to improve hand function in 

children with hemiplegic CP. Children with hemiplegic cerebral palsy have 

marked hand involvement oftenly with excessive thumb adduction, flexion 

and limited active wrist extension from the time of infancy. In children with 

Post-lesional aberrant plasticity can lead to progressive abnormalities of the 

developing motor system. Factors that contribute for difficulties in usage of 

hand are mainly disturbances of somatosensory and visual function and 

developmental disregard. Progressive soft tissue and bony changes may 

occur, which will lead to contractures, which further limits function in a 

vicious cycle. It is believed that early intervention might help to break this 

cycle, however, the precise nature and appropriateness of the intervention 

must be carefully considered. Traditional approaches to the hemiplegic upper 

limb include medications and botulinum toxin injections to manage 

abnormalities of tone, and surgical interventions to correct contractures. It is 

said that there has been a recent increase in interventions for the hemiplegic 

upper limb, mostly aimed outside the period of infancy. They are trials of 

constraint-induced movement therapy (CIMT) and bimanual 

therapy(HABIT) as well as the use of virtual reality and robot-assisted 

therapy.
15

 

 

A study was done review the interventions to improve upper limb function 

for children with bilateral cerebral palsy. Their aim was to systematically 
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review the efficacy of interventions on upper limb function in children 0 to 

19 years of age with bilateral cerebral palsy on the basis of outcome 

measures of upper limb function and measures of activities according to the 

International Classification of Functioning, Disability and Health. two 

independent raters namely Sackett’s level of evidence and the American 

Academy for Cerebral Palsy and Developmental Medicine (AACPDM) 

guidelines were used for methodology.  Results showed that only one of 

these trials meeting the inclusion criteria showed strong methodological 

quality: a study on hand–arm bimanual intensive therapy including lower 

extremities. They identified a large variety of interventions, heterogeneity in 

outcome measures, and generally weak to moderate methodological quality 

for most studies. Hence they recommended further research specifically 

aimed at bimanual-intensive, goal-directed, and task specific training 

programmes for the upper limb in children with bilateral cerebral palsy, using 

either high-quality (multicentre) trials or well-designed single-case trials.
37

 

 

Background and Objectives: Mastering motor skills is a crucial component of 

a child's development. The second version of the Peabody Developmental 

Motor Scales is one of the scales that is frequently used for measuring the 

development of preschoolers (PDMS-2). a cross-sectional study to compare 

the motor skills of high risk and healthy infants between the ages of 3 and 6 

months. Methods: In this case-control study, the motor development of 45 

high-risk infants aged 3-6 months was compared with that of 45 normal 

cases, who were matched for age and sex. Cluster sampling was used to 
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choose the subjects from various Tehran health facilities. SPSS software 

version 13 was used to evaluate data regarding gross, fine, and total scores. 

Results: The differences between gross, fine, and total motor abilities were 

considerable.
42 

 

Movement disorder is the primary characteristic of cerebral palsy. Yet until 

recently, children with cerebral palsy had access to a simple validated 

measure of the quality of their upper limb mobility. To address this need, the 

Quality of Upper Extremities Skills Test (QUEST) was created. This 

evaluation reveals that preliminary reliability and validity statistics for the 

QUEST, which was created for children between the age of 18 months and 8 

years, are encouraging. However, the test's capacity to identify change is less 

certain, and there is scant evidence to support its capacity for discrimination. 

Regarding administration and scoring techniques, certain recommendations 

are offered. Despite these drawbacks, the QUEST is recommended as a 

crucial initial step in measuring the quality of movement in the upper 

extremities in children with cerebral palsy.
43 
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Computer and technology based rehabilitation: 

A game-based assessment application and NeuroFunction Evaluation was 

developed for the Computer game based Rehabilitation, which provides a 

standardized method of quantifying task performance of prescribed exercises. 

The automated monitoring tool was designed to provide: a) timely feedback 

to the child and parent, and b) objective outcome measures of performance 

for each exercise session.  

The Neuro-Function Evaluation (NFE) Software is an interactive game- 

based application that:
 

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

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

2. Records player’s (client) movements and choices during each game event 

task. 

3. Performs advanced data analysis methods to quantify player’s motor and 

cognitive performance, and generates reports of objective outcome measures. 

Thus it is reliable and valid.
32 

A study was done to check the effects of CIMT on cerebral palsy children. 

Their objective was to compare effects of 2 dosage levels of constraint-

induced movement therapy (CIMT) for children with hemiplegic cerebral 

palsy (CP). They hypothesized that the high-dosage CIMT would produce 

larger benefits than moderate-dosage. Methods: A total of 18 children with 
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unilateral CP were enrolled across three sites, six of whom were between the 

ages of 3-6. Children were randomised at random to either 6 hours/day (high 

dose = 126 hours) or 3 hours/day (moderate dose = 63 hours) of CIMT for 21 

days while donning a lengthy arm cast in each group. Children were 

evaluated using the Assisting Hand Assessment (AHA), the Quality of Upper 

Extremity Skills Test (QUEST) Dissociated Movement and Grasp sections, 

the Shriners Hospital Upper Extremity Evaluation (SHUEE), and the 

Pediatric Motor Activity Log by evaluators who were blind to the dosage one 

week before, one week after, and one month after treatment (PMAL). 

Results: All children received the full recommended dosage and responded 

well to casting. The AHA, QUEST, SHUEE, and PMAL all showed 

statistically significant improvements in both groups. Effect sizes varied 

between 0.36 and 0.79. At one week and one month after therapy, both 

groups displayed improvements that were comparable overall. Conclusions: 

Pediatric CIMT had positive effects across several valid and reliable outcome 

measures at both moderate and high dosages. The results disproved the 

theory of different dose benefits. In order to establish a minimal-efficacy 

threshold, future research should examine long-term effects, enroll larger and 

more diverse groups, and evaluate lower dosages.
27

 

A systematic review was reviewed to examine extant research regarding the 

role of games used seriously in interventions with individuals with cerebral 

palsy. Hence they used Pub Med, PsyINFO, Web of Science, Scopus, and 

IEEE databases. After the full reading of data and quality assessment of the 
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papers, it said 16 studies met the inclusion criteria. The majority of the 

studies reported high levels of compliance, motivation, and engagement with 

game-based interventions both at home and at the clinical setting 

intervention, The results of the studies show both positive and negative 

results regarding their effectiveness of use of games. The efficacy was 

reported to motor function (i.e., improvements in the arm function, hand 

coordination, functional mobility, balance and gait function, and upper-limbs 

function) and physical activity. Findings of this review suggested that games 

are used as a complement to conventional therapies and not as a  

substitute. They said practitioners often struggle to get their patients to 

complete the assigned homework tasks, as patients display low motivation to 

engage in prescribed exercises. Data of this review indicated the use of 

games as tools suited to promote patients’ engagement in the therapy and 

potentiate therapeutic gains.
44 

 

 

A study was done to review the use of active gaming in children with 

neurodevelopment disorder. They aim was to examine the current evidence 

on use of active video gaming (AVG) to improve motor function in children 

with movement disorders including cerebral palsy, developmental 

coordination disorder, and Down syndrome.  EMBASE, MEDLINE, Scopus, 

Cochrane Library, and CINAHL were searched. Included papers studied 

showed the use of AVG for improving movement-related outcomes in these 

populations. Health status, the quality of the evidence, AVG delivery 
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techniques, the ability to individualise play, the outcomes addressed, the 

success of reaching the outcomes, and difficulties or constraints were among 

the factors that were examined. The 20 retrieved articles were of varying 

quality. Children with six distinct diseases were studied utilising AVG for 49 

different motor outcomes in hospital, home, or school settings.. Dosage of 

treatment varied in frequency and duration. Choice of games played and 

difficulty level were therapist determined (n=6) or child controlled (n=14).. 

All articles showed improvement in outcomes with AVG, although 

differences were not consistently significant compared with conventional 

therapy finally they said that heterogeneity of measurement tools and target 

outcomes prevented meta analysis or development of formal 

recommendations. However, AVG was feasible and shows strength  for 

improving outcomes in this population. Additional investigations of dosing 

variables, utility as a home supplement to clinical care, and outcomes with 

larger sample sizes were merited.
45 

 

A randomized single blinded trial was done namely upper limb training using 

Wii sport resort for children with cerebral palsy. Children of 62 with  

hemiplegic cerebral palsy (6–13 years) Were taken for study. Experimental 

group undertook six weeks of home-based Wii Sports Resort™ training plus 

usual therapy, while the control group received usual therapy  Coordination, 

strength, hand function, and carers’ perception of hand function, were the 

outcomes measured at baseline, six, and 12 weeks by a blinded assessor. 
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Results: There was a trend of mean difference (MD) for the experimental 

group to have more grip strength and to have a higher quantity of hand 

functions according to carers’ perception, and strengthened by 12 weeks than 

the control group. By six or twelve weeks, there was no difference in the 

hand and coordination between the groups.. Finally they concluded that  

Wii™ training did not improve coordination, strength, or hand function. 

Caregivers noticed that the children utilised their hands more beyond the 

intervention.
46 

 

A pilot study was done on A Low-Cost Video Game Applied for Training of 

Upper Extremity Function in Children with Cerebral Palsy.  The aim of the 

study was to determine the user satisfaction of the EyeToy for the training of 

the upper limb in children with cerebral palsy (CP). In this study User 

satisfaction was measured in 12 children with CP, using a post experience 

questionnaire primarily based on a presence questionnaire.Additionally, a 

preliminary evaluation study was conducted to ascertain the effect of this 

training approach on the function of the upper limbs. Randomly, ten CP 

patients (mean age: 11 years, 9 months; SD: 2, 3) were allocated into the 

intervention and control groups (mean age 12 years, 3 months; SD 3, 2). The 

intervention group completed a user satisfaction survey following a six-week 

treatment session. The Melbourne Assessment scores were used to measure 

the functional outcome.. Percentage scores of the Melbourne Assessment of 7 

of the 10 children were the same or changed only 1% to 2% from baseline to 
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follow-up. However, in the experimental group, two children improved more, 

9% and 13% respectively. In conclusion, the EyeToy can be used as a 

motivating training tool for children with cerebral palsy and may enhance 

upper extremity function.
47 

 

A study was done to check the applicability of goal attaining scaling in the 

evaluation of gross motor changes in children with CP. The Abstract of the study 

was to investigate the applicability of goal attainment scaling (GAS) in children 

with cerebral palsy (CP) by examining the psychometric properties of GAS. The 

three psychometric qualities of responsiveness, reliability, and content validity were 

examined. Three gross motor functional goals in the format of GAS and behavioral 

objectives were developed for 25 children with CP, but one child was excluded 

because of poor attendance. A group of professionals initially examined the goals' 

content validity in the GAS format. After that, all children at a specific daycare 

facility got conductive education for four months as the intervention.. After the 

intervention, GAS scores as well as T-scores were compared with the achievement 

of behavioral objectives for responsiveness, and the inter-rater and intra-rater 

reliability of GAS were tested. GAS had good content validity (based on the 

descriptive analysis) and reliability (based on intraclass correlation coefficient) and 

was more responsive than the corresponding behavioral objectives. Thus, GAS was 

more useful than behavioral objectives in monitoring the longitudinal progress of a 

child and in providing precise information on the effectiveness of interventions to 

therapists and administrators. In conclusion, GAS is applicable to children with CP, 

however there are certain restrictions on its applicability.
48 
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 A study was done to compare a clinic-based mCIMT protocol with a home-

based mCIMT protocol provided by a therapist in a small group of fourteen 

children with unilateral CP (36). Both groups received similar CIMT based 

programs with activities such as grasping and, reaching, dressing and 

undressing fine motor skills, eating, grooming manipulating objects or toys 

etc. Therapy was provided either at a clinical setting or at home by therapists 

for at least one and a half hours per day, thrice a week for a total of ten 

sessions. The dexterity subtest of the Bruininks–Oseretsky Test of Motor 

Proficiency was used to measure the performance of fine motor tasks such as 

copying and tracing shapes cutting paper etc. Based on the results of 

ANOVA, the pre- to post-intervention assessment scores showed that the 

upper extremity subtests of the Pediatric Upper Extremity Motor Activity 

Log interviews revealed significant improvements (p<0.05) in both groups. 

The subtests of the Bruininks–Oseretsky Test of Motor Proficiency that 

examined dexterity showed a significantly better improvement (p<0.01) in 

the home therapy group as compared to a clinical therapy group. The high 

scores were retained three months post-intervention in case of the home 

therapy group. Overall, the participants showed better improvements in their 

upper limb motor function while practicing their natural surroundings than in 

the clinical setting.
49 

 Total fifteen children with CP participated in a pilot study to examine the 

impact of Wii-based upper extremity rehabilitation over the course of six 

weeks (mean age: 8.9 years) For six weeks, they had twice-weekly home 
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therapy. Each session included fifteen minutes of a Wii-based sport, such as 

boxing or tennis, and thirty minutes of Wii training targeted at their most 

damaged arm. The Melbourne Assessment of Unilateral Upper Limb 

Function, which is based on video camera motion analysis, was used to 

evaluate the quality of motions made while executing tasks including picking 

up a pellet and a crayon and putting the hand to the mouth. The degree of 

daily activities and their ease showed improvement (p 0.05) on the 

ABILHAND questionnaire ratings, despite the Melbourne Assessment of 

Unilateral Upper Limb Function showing no significant changes in the brief 

treatment programme. Overall, according to the Melbourne Assessment of 

Unilateral Upper Limb Function, the quality of upper limb function did not 

improve despite receiving favourable results on the ABILHAND-Kids 

questionnaire.
50 
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MATERIALS AND METHODOLOGY 

1. Peabody developmental motor scales -2 

2. Quality of Upper Extremity Skills test (QUEST) 

3. Computer game-assisted Upper Extremity assessment Tool (CUE) 

4. Modified Ashworth Scale of Spasticity 

5. Mini-Mental Scale Evaluation 

6. GAS calculation sheet 

7. Computer Game-Aided Rehabilitation Platform 

8. Rehabilitation manipulandum device 

 

SOURCE OF DATA: 

 Study subjects: 

1. Children from the Pediatric Physiotherapy OPD of SDM Hospital, Dharwad. 

2. Usha’s School for Exceptional Children, Hubli 

 

 

 INCLUSION CRITERIA: 

 

(1) Children with confirmed medical diagnosis of Neurodevelopment disorder by 

the Medical practitioner or pediatrician. 

(2) Age group – 4-10 years of children with either gender. 

(3) Modified Ashworth scale was used to determine the level of spasticity from 

grade 1 to 1+  

(4) Mini Mental Scale Examination-  >17 and above 

(5) Parents willing to participate 

 

 EXCLUSION CRITERIA: 

 

(1) Visual or auditory impairment such that they cannot see and interact with the 

computer; 

(2) Secondary orthopedic complications due to neurodevelopment 

disorder(NDD) like fixed deformities of upper extremities  
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(3) Recent Botulinum toxin therapy (less than 6 months); 

(4) Recent Surgical intervention of upper extremity  

(5) Moderate or severe spasticity i.e. a Modified Ashworth score of grade 2 and 

higher 

(6) Cognitive impairment 

(7) Non willing parents, 

(8) Seizures(uncontrolled) 

 

 Study area: 

1. Pediatric physiotherapy outpatient department of SDM hospital, Dharwad, 

Karnataka 

 

 Study period: 1 year 

 

 METHODS OF COLLECTION OF DATA: 

 

 Study design: A feasibility Randomized Controlled Trial 
51-55

 

 Sample:  34 

                          Experimental Group: 17 

Control Group: 17 

A study which was calculated using G Power software using the test for 

analysis as t test calculated the mean difference between 2 independent 

groups. Analysis used was a priori- compute required sample size.
56-57

 

 

 t tests - Means: Difference between two independent means (two groups) 

 Analysis: A priori: Compute required sample size 

 Input: Tail(s) = Two 
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 Effect size (d) = 1.3 

 α err prob     = 0.05 

 Power (1-β err prob) = 0.95 

 Allocation ratio N2/N1 = 1 

 Output: Noncentrality parameter δ =

 3.7800218 

 Critical t = 2.0369333 

 Degree of freedom = 32 

 Sample size group 1 = 17 

 Sample size group 2 = 17 

 Total sample size = 34 

 Actual power = 0.9567484 

 

 Sampling procedure: Sampling was done according to block randomization 

method. In an excel sheet, sampling was done by adding total number of 

participants and the group names and blocks were given accordingly. After 

dividing 34 participants into 2 groups and taking 2 volunteers in each group 

then they were divided into the blocks as group A, and Group B. The random 

code was applied and function RAND was inserted. After excel inserted the 

random numbers in all the 2 groups, selecting block and Random columns it 

was filtered, numbers were assigned for each group of participants and was 

filtered. And the random number were sorted from smallest to largest thus 
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even blocks get sorted accordingly and gets randomized. The participants and 

the principal investigator were blinded in this study. The principal 

investigator conducted pre and post 8 weeks intervention.
58

 

 Study instrument: 

(1) Informed consent 

(2) Data collection sheet 

(3) Peabody developmental motor scale-2 (PDMS-2) 

(4) Quality of upper extremity skills test scale (QUEST) 

(5) ‘Rehabilitation Manipulandum Device (RMD) 

(6) Computer game –aided rehabilitation platform 

(7) Commercial Games 

(8) Computer game assisted upper extremity assessment tool (CUE) 

(9) GAS calculation sheet 

 

 Study method:  This is a feasibility randomized controlled trial in which the 

children were allocated into two groups -Intervention group and control 

group (CG). Randomization of children was done using block randomization 

sampling method where the children were blocked into groups using random 

numbers in standard excel spreadsheet. Children were equally and randomly 

got divided into two groups respectively.   

 The following is experiment group protocol: 

 

1. A typical session for the experimental group consisted of the repetitive task 

practice based computer game-assisted exercise program with rehabilitation 
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manipulandum device. Children in this group were asked to use the handles 

of RMD, instrumented with a miniature motion mouse to play various 

therapeutic yet entertaining games while handling and moving the handles 

attached to the device as a part of an experimental therapy protocol.
15

  

 

2. A computer game based rehabilitation platform (GRP) was used along with 

RMD for exercise intervention. Children were made to play computer based 

games using RMD device.  

3. GAMES played along with RMD consisted of commercial games of Big Fish 

games such as birds town, feeding fenzy, brave piglet, aqua ball, chicken 

invaders etc 

4. Every  child started with level 1 or easy mode of game settings at first so that 

they were able to achieve maximum results which motivated them to play 

even better later on. Each game of level 1 was played for a minimum of 6-7 

days so that the child could master the level and was ready for the next level 

of the cognitive games. 

5. Children were made to play two games in each session, one game with 

horizontal axis and one game with vertical axis and both such as variable axis 

6. The type of the games were to match any 3, aim and move, shooting, brick 

buster etc 

7. They used minimum two handles for each game focusing on at least two 

function of hand respectively such as wrist flexion/ extension and elbow 

supination/ pronation per session. 

8. Audio feedback was given for the better performance, concentration and 
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encouragement for the child to play the games. 

9. Progressing to level 2 or medium and difficulty level once the child has 

cleared the easy or level 1 game. Once the child clears the level 1 of the 

game, they would progress to level 2 of the cognitive games by adding 

difficulty level to the game day by day. List of commercial games are given 

below. 

 

Commercial games used for the intervention:  

Big fish  

Game
TM 

Axis play type handle Start( 

Level) 

Difficulty 

Executive 

function 

Feeding 

Frenzy 

Variable Aim and 

move 

A & B Easy Visual 

tracking 

and spatial 

Birds town Horizontal Match 3 A&C Level 1 Matching 

Brave 

Piglet 

Vertical Shooting B&D Easy Visual 

tracking 

and spatial 

Chicken 

Invaders 

Variable Shooting D&A Level 1 Search 

and select 
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Aqua ball horizontal Brick 

buster 

A& C Level 1 Visual 

tracking 

and spatial 

 

 

 

 Control Group Intervention: The protocol was tailor made and modified as 

per the need of the individual child. Therapy session was for 40-45 min per 

day and for 3 days a week. The control group received the comprehensive 

physical therapy protocol based on the goal-oriented, repetitive task practice 

based principles of mCIMT and HABIT combination protocols for fine and 

gross motor skills in children aged 4-10 years diagnosed with 

neurodevelopment delay. Therapy protocols was individualized for every 

children according to their level of impairment and pre-set goals, based on 

the principles of intensive repetitive task practice programs such as CIMT 

and HABIT. A variety of arm and hand activities was practiced, such as 

reaching for rings, removing and putting them back, ball throwing, opening a 

bottle cap, turning a doorknob, clay activities, picking marbles from sand, 

and putting pellets, rings and pegs into sockets. Reach out, ball throw (under 

and over arm), opening bottle caps (large size bottle), manipulating objects 

such as water bottle, crumbling paper, clay activities, picking marbles from 

sand ,door knob,  hand arm bimanual activities such as, holding ball with 

both hands and transfer, rolling bolster, writing, self feeding. These tasks 
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were chosen for each child, based on their goals and levels of impairment to 

develop a therapy protocol best suited for their level of activity. These tasks 

were practiced by the child in a high number of repetitions with a therapist in 

a one-on-one therapy session. The protocol was modified as the child 

progresses throughout the 8-week-long program in order to keep the tasks 

challenging with the duration of 40-45min each session. 

 Data collection: Ethical clearance was obtained by the Institutional 

Ethical Committee of SDM College of Medical Sciences and Hospital, 

Dharwad. The Subjects who were diagnosed by the pediatrician with 

developmental disorders and Referred to pediatric outpatient department of 

the hospital and pediatric Physiotherapy OPD were included in the study 

after checking for their inclusion and exclusion criteria. Goals of the study 

were explained to the parents/ guardians and written informed consent was 

taken before their inclusion in the study. 
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FLOW CHART 5: Studies based on Consolidated Standards of Reporting 

Trials (CONSORT) 

Assessed for eligibility (n=34) 

Excluded (n=0) 

Randomized (n==34) 

Allocated to Intervention 

group (n=17) 

Allocated to Control group 

(n=17) 

 

Followed up (n=17) Followed up (n=17) 

 

Analyzed (n=17) Analyzed (n=17) 

 

ENROLLMENT 

ALLOCATION 

FOLLOW - UP 

ANALYSIS 
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Table 1: Demographic data 

 Nu

mbe

r of 

part

icip

ants 

Age 

(years) 

Mean 

(SD) 

Height

(cm) 

Mean 

(SD) 

Weight

(Kg) 

Mean 

(SD) 

BMI GMFC

S 

MACS GEN

DER 

Treat

ed 

Hand 

PDMS

-

graspi

ng 

PDMS

-VMI 

QUES

T 

GA

S 

Expe

rimen

tal 

group  

17  

7.18(2.

78) 

112.2(1

4.73) 

19.6(5.

81) 

15.2(1

.64) 

I=2 

II=11 

III=4 

I=6 

II=9 

III=2 

F=8 

M=9 

L=3 

R=12 

L&R

=2 

45.7(5.

2) 

115.7(1

9.4) 

86.8(12

.6) 

30.0

0(0.

00) 

Contr

ol 

group 

17 8.35(2.

54) 

120.1(1

8.92) 

23.5(10

.4) 

13.5(2

.39) 

I=5 

II=8 

III=4 

I=6 

II=5 

III=6 

F=8 

M=9 

L=2 

R=15 

39.5(7.

3) 

87.1(19

.30) 

71.1(13

.6) 

30.0

0(0.

00) 

T-

Test ( 

p-

value

) 

 0.208 0.185 0.182 0.019 0.415 0.208 1.00 0.28 0.008 0.000 0.001 0.06 

 

 Age, height, weight, GMFCS level, MACS level, gender, treated hand, PDMS- grasping  

is homogenous across both the group as test outcome is not significant at 5% level (p-

value>0.05) 

 BMI, PDMS- grasping, PDMS- VMI, QUEST and GAS is heterogeneous across both the 

group as test outcome is significant at 5% level (p-value>0.05) 

 

Table 2: Within-group comparison for group 2: Control group 

Groups  Categories  Mean  Std 

deviation  

Lower 

CI 

Upper 

CI 

t P value 

PDMS-Grasp Pre  39.53 7.366 -3.259 -.741 -

3.367 

.004 

 4w 41.53 6.511     

PDMS- Grasp 4w 41.53 6.511 -1.314 .608 -.779 .448 

 8w  41.88 6.163     

PDMS- VMI Pre  87.18 19.304 -2.784 .078 -

2.005 

.062 

 4w 88.53 18.460     

PDMS-VMI 4w 88.53 18.460 -3.744 .214 -

1.890 

.077 

 8w  90.29 18.644     

QUEST  
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Dissociated 

movements 

Pre  66.5541 21.84536 -8.85743 .89743 -

1.730 

.103 

 4w 70.5341 20.76968     

Grasps Pre  68.3306 22.21775 -4.59280 -.24485 -

2.359 

.031 

 4w 70.7494 22.40747     

weight bearing Pre  73.541 23.0890 -1.3135 .1841 -

1.599 

.129 

 4w 74.106 22.5844     

Protective 

Extension 

Pre  75.6588 24.17473 -3.44479 2.19773 -.469 .646 

 4w 76.2824 24.47231     

TOTAL Pre  71.1535 13.60289 -3.64059 -.70294 -

3.134 

.006 

 4w 73.3253 14.35021     

Dissociated 

movements 

4w 70.5341 20.76968 -5.46163 .31810 -

1.887 

.078 

 8w  73.1059 17.97121     

Grasps 4w 70.7494 22.40747 -2.96039 3.09686 .048 .962 

 8w  70.6812 23.86500     

weight bearing 4w 74.106 22.5844 -5.85357 7.54768 .268 .792 

 8w  73.2588 23.95587     

Protective 

Extension 

4w 76.2824 24.47231 -

10.76536 

1.23595 -

1.683 

.112 

 8w  81.0471 20.81613     

TOTAL 4w 73.3253 14.35021 -2.87744 .11508 -

1.957 

.068 

 8w  74.7065 14.81180     

GAS BASELINE 30.00 .000 -7.297 -.938 -

2.746 

.014 

 8W 34.12 6.183     

 

 

 

 

       



RESULTS 
 

 Page 64 
 

 

 

 

PDMS-2 (Grasping) for control group showed significant p- value >0.0 5with value of 0.004 

from pre to 4 weeks 

PDMS-2 (VMI) for control group showed not significant p- value >0.05 with value of 0.062 

QUEST for control group showed significant p-value >0.05 with value of 0.006 from pre to 4 

weeks 

GAS for control group showed significant as p-value >0.05 with value of 0 

Table 3: within -group comparison of Control group for NFES 

SUCCESS RATE WITHOUT DISTRACTOR 

SIMULATION -

Pronation 

Pre  43.3363 34.99759 -

21.60

870 

17.682

00 

-.212 .835 

 4w 45.2996 22.63603     

SIMULATION - 

Pronation 

4w 45.2996 22.63603 -

13.66

653 

16.185

35 

.179 .860 

 8w  44.0402 28.70490     

SIMULATION-

Supination 

Pre  33.9859 28.78481 -

43.01

245 

1.3371

6 

-1.992 .064 

 4w 54.8235 29.34239     

SIMULATION- 4w 54.8235 29.34239 - 23.926 1.056 .307 

 % Change of control group 

Grasping 3.2 

VMI 1.04 

QUEST 3.5 

GAS 4.1 
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Supination 8.016

17 

05 

 8w  46.8686 24.95265     

RING-Wrist 

flexion 

Pre  30.3984 30.51135 -

32.93

511 

5.3012

3 

-1.532 .145 

 4w 44.2154 33.18618     

RING- Wrist 

flexion 

4w 44.2154 33.18618 -

20.55

962 

21.735

85 

.059 .954 

 8w  43.6272 35.37988     

RING-Wrist 

extension 

Pre  26.2876 26.39471 -

38.50

769 

-

5.5516

0 

-2.834 .012 

 4w 48.3173 27.18203     

RING- Wrist 

extension 

4w 48.3173 27.18203 -

20.44

034 

16.473

05 

-.228 .823 

 8w  50.3009 36.83416     

CONE-Pronation Pre  26.7224 30.22260 -

37.69

440 

-

5.7173

6 

-2.878 .011 

 4w 48.4282 29.00461     

CONE- Pronation 4w 48.4282 29.00461 -

9.419

75 

21.572

22 

.831 .418 

 8w  42.3520 29.49117     

CONE-Supination Pre  30.6574 26.92578 -

36.68

572 

-

4.1535

7 

-2.661 .017 

 4w 51.0771 15.36587     

CONE- 

Supination 

4w 51.0771 15.36587 -

6.078

73 

29.049

32 

1.386 .185 

 8w  39.5918 34.41868     

MEDICINE Pre  13.5847 20.65070 - - -4.889 .000 
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BALL-Radial 

deviation 

51.72

216 

20.432

31 

 4w 49.6619 22.31771     

MEDICINE 

BALL-Radial 

deviation 

4w 49.6619 22.31771 -

18.99

830 

13.037

83 

-.394 .698 

 8w  52.6422 33.21539     

MEDICINE 

BALL-Ulnar 

deviation 

Pre  31.3427 26.77830 -

46.18

330 

-

10.446

58 

-3.359 .004 

 4w 59.6576 25.60202     

MEDICINE 

BALL- Ulnar 

deviation 

4w 59.6576 25.60202 -

6.488

46 

25.401

40 

1.257 .227 

 8w  50.2012 37.67135     

PEANUT BALL-

Shoulder 

extension 

Pre  25.0482 29.66876 -

50.42

104 

-

18.515

43 

-4.580 .000 

 4w 59.5165 28.88933     

PEANUT BALL- 

Shoulder 

extension 

4w 59.5165 28.88933 -

2.780

82 

27.248

70 

1.727 .103 

 8w  47.2825 33.38344     

PEANUT BALL-

Shoulder flexion 

Pre  23.9665 21.83855 -

42.65

721 

-

9.3992

6 

-3.318 .004 

 4w 49.9947 25.75902     

PEANUT BALL- 

Shoulder flexion 

4w 49.9947 25.75902 -

21.71

454 

11.720

89 

-.634 .535 

 8w  54.9915 27.40996     

 

SUCCESS RATE WITH DISTRACTOR 

SIMULATION -

Pronation 

Pre  31.5965 21.62276 -

20.25

943 

7.6277

8 

-.960 .351 
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 4w 37.9124 23.11386     

SIMULATION - 

Pronation 

4w 37.9124 23.11386 -

23.42

292 

11.055

51 

-.760 .458 

 8w  44.0961 29.92611     

SIMULATION -

Supination 

Pre  34.9006 24.00350 -

36.37

297 

-

11.049

86 

-3.970 .001 

 4w 58.6120 15.64415     

SIMULATION - 

Supination 

4w 58.6120 15.64415 -

3.026

02 

25.058

26 

1.663 .116 

 8w  47.5959 28.35887     

RING-Wrist 

flexion 

Pre  29.7263 31.48345 -

42.31

964 

-

5.3142

4 

-2.729 .015 

 4w 53.5432 24.11462     

RING- Wrist 

flexion 

4w 53.5432 24.11462 .5126

3 

37.542

55 

2.179 .045 

 8w  34.5156 29.90991     

RING-Wrist 

extension 

Pre  33.4129 26.42059 -

33.72

309 

19.279

57 

-.578 .572 

 4w 40.6347 31.78261     

RING- Wrist 

extension 

4w 40.6347 31.78261 -

25.08

543 

17.336

02 

-.387 .704 

 8w  44.5094 32.92896     

CONE-Pronation Pre  33.1512 26.38863 -

27.94

772 

5.1925

4 

-1.456 .165 

 4w 44.5288 22.80535     

CONE- Pronation 4w 44.5288 22.80535 -

13.35

218 

20.724

06 

.459 .653 

 8w  40.8429 27.48180     
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CONE-Supination Pre  36.3288 26.07801 -

38.41

592 

-

.12937 

-2.134 .049 

 4w 55.6015 20.90404     

CONE- 

Supination 

4w 55.6015 20.90404 -

8.084

09 

24.290

56 

1.061 .304 

 8w  47.4982 30.87774     

MEDICINE 

BALL-Radial 

deviation 

Pre  24.7188 35.54830 -

40.36

873 

-

3.2458

6 

-2.491 .024 

 4w 46.5261 29.14700     

MEDICINE 

BALL- Radial 

deviation 

4w 46.5261 29.14700 -

7.825

56 

21.858

85 

1.002 .331 

 8w  39.5095 28.70968     

MEDICINE 

BALL-Ulnar 

deviation 

Pre  37.9394 27.38245 -

27.38

876 

2.6664

1 

-1.744 .100 

 4w 50.3006 19.65913     

MEDICINE 

BALL- Ulnar 

deviation 

4w 50.3006 19.65913 -

10.32

078 

26.612

55 

.935 .364 

 8w  42.1547 33.65342     

PEANUT BALL-

Shoulder 

extension 

Pre  30.1459 34.16207 -

31.59

691 

-

3.9494

4 

-2.726 .015 

 4w 47.9191 26.62825     

PEANUT BALL--

Shoulder 

extension 

4w 47.9191 26.62825 -

21.11

091 

20.926

80 

-.009 .993 

 8w  48.0111 27.59649     

PEANUT BALL-

Shoulder flexion 

Pre  39.4176 28.69096 -

35.44

707 

8.1809

5 

-1.325 .204 

 4w 53.0507 26.57471     
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PEANUT BALL- 

Shoulder flexion 

4w 53.0507 26.57471 -

14.80

212 

31.887

06 

.776 .449 

 8w  44.5082 32.04073     

For CG1: 

Success rate for simulation showed not significant p-value >0.05 with value of 0.860 for 

pronation and 0.307 for supination 

Ring showed not significant value >0.05 with value of 0.945 for wrist flexion 

Ring showed significant value >0.05 with value of 0.012 for wrist extension from pre to 4 weeks 

Cone showed significant value >0.05 with value of 0.011 for pronation from pre to 4 weeks 

Cone showed significant value >0.05 with value of 0.017 for supination from pre to 4 weeks 

Medicine ball showed significant value >0.05 with value of 0.000 for radial deviation from pre to 

4 weeks 

Medicine ball showed significant value >0.05 with value of 0.004 for ulnar deviation from pre to 

4 weeks 

Peanut ball showed significant value >0.05 with value of 0.000 for shoulder extension  from pre 

to 4 weeks 

CG2: 

Simulation showed significant value >0.05 with value of 0.001 for supination  from pre to 4 

weeks 

Ring showed significant value >0.05 with value of 0.045 for wrist flexion  

Cone showed significant value >0.05 with value of 0.049 for supination from pre to 4 weeks 

Medicine ball showed significant value >0.05 with value of 0.024 for radial deviation from pre to 

4 weeks 

Peanut ball showed significant value >0.05 with value of 0.015 for shoulder extension  from pre 

to 4 weeks 
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RESPONSE TIME WITHOUT DISTRACTOR  

SIMULATION  Pre  601.53 338.484 -134.425 202.307 .427 .675 

 4w 567.59 219.279     

SIMULATION  4w 567.59 219.279 -248.119 130.707 -.657 .520 

 8w  626.29 251.216     

RING Pre  585.47 283.704 -159.293 244.352 .447 .661 

 4w 542.94 319.388     

RING 4w 542.94 319.388 -292.084 85.613 -1.159 .264 

 8w  646.18 125.217     

CONE Pre  620.00 187.808 -131.125 252.536 .671 .512 

 4w 559.29 252.232     

CONE 4w 559.29 252.232 -249.468 96.056 -.941 .361 

 8w  636.00 241.605     

MEDICINE 

BALL 

Pre  610.94 139.187 -50.438 186.556 1.218 .241 

 4w 542.88 191.610     

MEDICINE 

BALL 

4w 542.88 191.610 -133.948 125.124 -.072 .943 

 8w  547.29 191.091     

PEANUT 

BALL 

Pre  549.59 262.342 -187.029 125.147 -.420 .680 

 4w 580.53 211.998     

PEANUT 

BALL 

4w 580.53 211.998 -139.032 226.090 .505 .620 

 8w  537.00 238.494     

RESPONSE TIME WITH DISTRACTOR  

SIMULATION  Pre  534.76 237.439 -179.335 78.159 -.833 .417 

 4w 585.35 245.424     

SIMULATION  4w 585.35 245.424 -144.595 239.772 .525 .607 

 8w  537.76 287.484     

RING Pre  581.35 261.698 -169.632 89.161 -.659 .519 

 4w 621.59 125.659     

RING 4w 621.59 125.659 -156.410 33.469 -1.373 .189 

 8w  683.06 168.741     

CONE Pre  671.82 163.960 -177.193 5.781 -1.986 .064 

 4w 757.53 100.697     
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CONE 4w 757.53 100.697 -73.589 141.707 .671 .512 

 8w  723.47 159.776     

MEDICINE 

BALL 

Pre  600.53 351.394 -287.477 150.183 -.665 .516 

 4w 669.18 211.460     

MEDICINE 

BALL 

4w 669.18 211.460 -83.185 222.597 .967 .348 

 8w  599.47 193.124     

PEANUT 

BALL 

Pre  634.00 148.403 -87.551 111.786 .258 .800 

 4w 621.88 160.403     

PEANUT 

BALL 

4w 621.88 160.403 -141.067 164.244 .161 .874 

 8w  610.29 170.274     

 

 

All five variables showed not significant with p-value >0.05. 

 

MOVEMENT ERROR  WITHOUT DISTRACTOR 

SIMULATION  Pre  .3319 .18035 -.00617 .18676 1.984 .065 

 4w .2416 .16128     

SIMULATION  4w .2416 .16128 -.05278 .07396 .354 .728 

 8w  .2310 .11609     

RING Pre  .3057 .15730 -.04047 .21858 1.458 .164 

 4w .2166 .18035     

RING 4w .2166 .18035 -.16735 .05017 -1.142 .270 

 8w  .2752 .14613     

CONE Pre  .3367 .14683 -.02584 .23961 1.707 .107 

 4w .2298 .20788     

CONE 4w .2298 .20788 -.13347 .08759 -.440 .666 

 8w  .2528 .14783     

MEDICINE 

BALL 

Pre  .3718 .13648 .06588 .26789 3.503 .003 

 4w .2049 .14130     
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MEDICINE 

BALL 

4w .2049 .14130 -.08728 .11693 .308 .762 

 8w  .1901 .17879     

PEANUT 

BALL 

Pre  .2919 .16138 .05407 .24322 3.332 .004 

 4w .1432 .11768     

PEANUT 

BALL 

4w .1432 .11768 -.15760 -.02735 -3.010 .008 

 8w  .2357 .15555     

MOVEMENT ERROR  WITH DISTRACTION  

SIMULATION  Pre  .2718 .12397 -.03059 .07847 .931 .366 

 4w .2479 .11314     

SIMULATION  4w .2479 .11314 -.05795 .13536 .849 .408 

 8w  .2092 .19055     

RING Pre  .3213 .13822 .01712 .20747 2.501 .024 

 4w .2090 .09955     

RING 4w .2090 .09955 -.19331 -.01975 -2.602 .019 

 8w  .3155 .17816     

CONE Pre  .2654 .11159 -.01294 .15541 1.794 .092 

 4w .1941 .12930     

CONE 4w .1941 .12930 -.14781 -.00054 -2.136 .049 

 8w  .2683 .16131     

MEDICINE 

BALL 

Pre  .3492 .21514 -.00975 .23527 1.951 .069 

 4w .2364 .21769     

MEDICINE 

BALL 

4w .2364 .21769 -.19470 .04435 -1.333 .201 

 8w  .3116 .18638     

PEANUT 

BALL 

Pre  .3466 .14869 .06735 .25712 3.625 .002 

 4w .1844 .13161     

PEANUT 

BALL 

4w .1844 .13161 -.13999 .09023 -.458 .653 

 8w  .2092 .18247     
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CG1: 

Simulation , ring and cone for CG1 showed not significant p- value >0.05  

Peanut ball showed significant value >0.05 with value of 0.008  

CG2: 

Simulation and medicine ball showed not significant p- value >0.05 

Ring showed significant value >0.05 with value of 0.019 

Cone showed significant value >0.05 with value of 0.049 from post 4 w to 8 w 

Peanut ball showed significant value >0.05 with value of 0.002 from pre to  post 4 w  

 

 

 Table 4: samples statistics for intra group differences from pre to post 8 w (Control    

group) 

 

Paired Samples Statisticsa 

 Mean N Std. Deviation Std. Error Mean 

Pair 1  PDMS-2-pre grasp 39.53 17 7.366 1.787 

 PDMS-2-8W GRASP 41.88 17 6.163 1.495 

Pair 2  PDMS-2-pre VMI 87.18 17 19.304 4.682 

 PDMS-2-8W VMI 90.29 17 18.644 4.522 

Pair 3 Dissociated 

movements-PRE 

66.5541 17 21.84536 5.29828 

Dissociated 

movements-8W 

73.1059 17 17.97121 4.35866 

Pair 4 Grasps-PRE 68.3306 17 22.21775 5.38860 

Grasps-8W 70.6812 17 23.86500 5.78811 
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Pair 5 weight bearing-PRE 73.541 17 23.0890 5.5999 

weight bearing-8W 73.2588 17 23.95587 5.81015 

Pair 6 Protective Extension-

PRE 

75.6588 17 24.17473 5.86323 

Protective Extension-

8W 

81.0471 17 20.81613 5.04865 

Pair 7 TOTAL-PRE 71.1535 17 13.60289 3.29919 

TOTAL-8W 74.7065 17 14.81180 3.59239 

Pair 8 SIMULATION -PRE-L 43.3363 17 34.99759 8.48816 

SIMULATION -8W-L 44.0402 17 28.70490 6.96196 

Pair 9 SIMULATION -PRE-R 33.9859 17 28.78481 6.98134 

SIMULATION -8W-R 46.8686 17 24.95265 6.05191 

Pair 10 RING-PRE-L 30.3984 17 30.51135 7.40009 

RING-8W-L 43.6272 17 35.37988 8.58088 

Pair 11 RING-PRE-R 26.2876 17 26.39471 6.40166 

RING-8W-R 50.3009 17 36.83416 8.93360 

Pair 12 CONE-PRE-L 26.7224 17 30.22260 7.33006 

CONE-8W-L 42.3520 17 29.49117 7.15266 

Pair 13 CONE-PRE-R 30.6574 17 26.92578 6.53046 

CONE-8W-R 39.5918 17 34.41868 8.34776 

Pair 14 MEDICINE BALL-PRE-

L 

13.5847 17 20.65070 5.00853 

MEDICINE BALL-8W-L 52.6422 17 33.21539 8.05591 

Pair 15 MEDICINE BALL-PRE-

R 

31.3427 17 26.77830 6.49469 
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MEDICINE BALL-8W-

R 

50.2012 17 37.67135 9.13664 

Pair 16 PEANUT BALL-PRE-L 25.0482 17 29.66876 7.19573 

PEANUT BALL-8W-L 47.2825 17 33.38344 8.09667 

Pair 17 PEANUT BALL-PRE-R 23.9665 17 21.83855 5.29663 

PEANUT BALL-8W-R 54.9915 17 27.40996 6.64789 

Pair 18 SIMULATION -PRE 601.53 17 338.484 82.094 

SIMULATION -8W 626.29 17 251.216 60.929 

Pair 19 RING-PRE 585.47 17 283.704 68.808 

RING-8W 646.18 17 125.217 30.370 

Pair 20 CONE-PRE 620.00 17 187.808 45.550 

CONE-8W 636.00 17 241.605 58.598 

Pair 21 MEDICINE BALL-PRE 610.94 17 139.187 33.758 

MEDICINE BALL-8W 547.29 17 191.091 46.346 

Pair 22 PEANUT BALL-PRE 549.59 17 262.342 63.627 

PEANUT BALL-8W 537.00 17 238.494 57.843 

Pair 23 SIMULATION -PRE .3319 17 .18035 .04374 

SIMULATION-8W .2310 17 .11609 .02816 

Pair 24 RING-PRE .3057 17 .15730 .03815 

RING-8W .2752 17 .14613 .03544 

Pair 25 CONE-PRE .3367 17 .14683 .03561 

CONE-8W .2528 17 .14783 .03585 

Pair 26 MEDICINE BALL-PRE .3718 17 .13648 .03310 

MEDICINE BALL-8W .1901 17 .17879 .04336 
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Pair 27 PEANUT BALL-PRE .2919 17 .16138 .03914 

PEANUT BALL-8W .2357 17 .15555 .03773 

Pair 28 SIMULATION -PRE-L 31.5965 17 21.62276 5.24429 

SIMULATION -8W-L 44.0961 17 29.92611 7.25815 

Pair 29 SIMULATION -PRE-R 34.9006 17 24.00350 5.82170 

SIMULATION -8W-R 47.5959 17 28.35887 6.87804 

Pair 30 RING-PRE-L 29.7263 17 31.48345 7.63586 

RING-8W-L 34.5156 17 29.90991 7.25422 

Pair 31 RING-PRE-R 33.4129 17 26.42059 6.40793 

RING-8W-R 44.5094 17 32.92896 7.98645 

Pair 32 CONE-PRE-L 33.1512 17 26.38863 6.40018 

CONE-8W-L 40.8429 17 27.48180 6.66532 

Pair 33 CONE-PRE-R 36.3288 17 26.07801 6.32485 

CONE-8W-R 47.4982 17 30.87774 7.48895 

Pair 34 MEDICINE BALL-PRE-

L 

24.7188 17 35.54830 8.62173 

MEDICINE BALL-8W-L 39.5095 17 28.70968 6.96312 

Pair 35 MEDICINE BALL-PRE-

R 

37.9394 17 27.38245 6.64122 

MEDICINE BALL-8W-

R 

42.1547 17 33.65342 8.16215 

Pair 36 PEANUT BALL-PRE-L 30.1459 17 34.16207 8.28552 

PEANUT BALL-8W-L 48.0111 17 27.59649 6.69313 

Pair 37 PEANUT BALL-PRE-R 39.4176 17 28.69096 6.95858 
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PEANUT BALL-8W-R 44.5082 17 32.04073 7.77102 

Pair 38 SIMULATION -PRE 534.76 17 237.439 57.587 

SIMULATION -8W 537.76 17 287.484 69.725 

Pair 39 RING-PRE 581.35 17 261.698 63.471 

RING-8W 683.06 17 168.741 40.926 

Pair 40 CONE-PRE 671.82 17 163.960 39.766 

CONE-8W 723.47 17 159.776 38.751 

Pair 41 MEDICINE BALL-PRE 600.53 17 351.394 85.226 

MEDICINE BALL-8W 599.47 17 193.124 46.840 

Pair 42 PEANUT BALL-PRE 634.00 17 148.403 35.993 

PEANUT BALL-8W 610.29 17 170.274 41.298 

Pair 43 SIMULATION -PRE .2718 17 .12397 .03007 

SIMULATION-8W .2092 17 .19055 .04622 

Pair 44 RING-PRE .3213 17 .13822 .03352 

RING-8W .3155 17 .17816 .04321 

Pair 45 CONE-PRE .2654 17 .11159 .02706 

CONE-8W .2683 17 .16131 .03912 

Pair 46 MEDICINE BALL-PRE .3492 17 .21514 .05218 

MEDICINE BALL-8W .3116 17 .18638 .04520 

Pair 47 PEANUT BALL-PRE .3466 17 .14869 .03606 

PEANUT BALL-8W .2092 17 .18247 .04426 
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Paired Samples Testa 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference 

Lower 

Uppe

r 

Pair 1  PDMS-2-pre 

grasp -  

PDMS-2-8W 

GRASP 

-2.353 2.714 .658 -3.749 -.957 -3.574 16 .003 

Pair 2  PDMS-2-pre 

VMI -  PDMS-

2-8W VMI 

-3.118 6.421 1.557 -6.419 .184 -2.002 16 .063 

Pair 3 Dissociated 

movements-

PRE - 

Dissociated 

movements-

8W 

-

6.5517

6 

10.0693

4 

2.44217 -

11.7289

4 

-

1.374

59 

-2.683 16 .016 

Pair 4 Grasps-PRE - 

Grasps-8W 

-

2.3505

9 

7.94536 1.92703 -

6.43572 

1.734

54 

-1.220 16 .240 

Pair 5 weight 

bearing-PRE - 

weight 

bearing-8W 

.28235 13.1522

0 

3.18988 -

6.47988 

7.044

59 

.089 16 .931 
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Pair 6 Protective 

Extension-

PRE - 

Protective 

Extension-8W 

-

5.3882

4 

12.3865

8 

3.00419 -

11.7568

3 

.9803

6 

-1.794 16 .092 

Pair 7 TOTAL-PRE - 

TOTAL-8W 

-

3.5529

4 

3.61940 .87783 -

5.41386 

-

1.692

02 

-4.047 16 .001 

Pair 8 SIMULATION 

-PRE-L - 

SIMULATION 

-8W-L 

-.70394 44.9602

7 

10.9044

7 

-

23.8203

8 

22.41

250 

-.065 16 .949 

Pair 9 SIMULATION 

-PRE-R - 

SIMULATION 

-8W-R 

-

12.882

71 

38.3080

5 

9.29107 -

32.5788

9 

6.813

48 

-1.387 16 .185 

Pair 

10 

RING-PRE-L - 

RING-8W-L 

-

13.228

82 

41.4820

1 

10.0608

7 

-

34.5569

1 

8.099

26 

-1.315 16 .207 

Pair 

11 

RING-PRE-R 

- RING-8W-R 

-

24.013

29 

46.0284

9 

11.1635

5 

-

47.6789

6 

-

.3476

3 

-2.151 16 .047 

Pair 

12 

CONE-PRE-L 

- CONE-8W-L 

-

15.629

65 

40.1046

5 

9.72681 -

36.2495

6 

4.990

26 

-1.607 16 .128 

Pair 

13 

CONE-PRE-R 

- CONE-8W-R 

-

8.9343

5 

36.6863

6 

8.89775 -

27.7967

4 

9.928

04 

-1.004 16 .330 

Pair 

14 

MEDICINE 

BALL-PRE-L - 

MEDICINE 

BALL-8W-L 

-

39.057

47 

39.6754

7 

9.62271 -

59.4567

1 

-

18.65

823 

-4.059 16 .001 
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Pair 

15 

MEDICINE 

BALL-PRE-R 

- MEDICINE 

BALL-8W-R 

-

18.858

47 

50.5190

5 

12.2526

7 

-

44.8329

7 

7.116

03 

-1.539 16 .143 

Pair 

16 

PEANUT 

BALL-PRE-L - 

PEANUT 

BALL-8W-L 

-

22.234

29 

39.4289

2 

9.56292 -

42.5067

8 

-

1.961

81 

-2.325 16 .034 

Pair 

17 

PEANUT 

BALL-PRE-R 

- PEANUT 

BALL-8W-R 

-

31.025

06 

32.4446

6 

7.86899 -

47.7065

6 

-

14.34

355 

-3.943 16 .001 

Pair 

18 

SIMULATION 

-PRE - 

SIMULATION 

-8W 

-24.765 361.872 87.767 -

210.822 

161.2

93 

-.282 16 .781 

Pair 

19 

RING-PRE - 

RING-8W 

-60.706 267.337 64.839 -

198.158 

76.74

6 

-.936 16 .363 

Pair 

20 

CONE-PRE - 

CONE-8W 

-16.000 373.587 90.608 -

208.081 

176.0

81 

-.177 16 .862 

Pair 

21 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

63.647 231.740 56.205 -55.503 182.7

97 

1.132 16 .274 

Pair 

22 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

12.588 412.419 100.026 -

199.458 

224.6

35 

.126 16 .901 

Pair 

23 

SIMULATION 

-PRE - 

SIMULATION-

8W 

.10088 .17187 .04169 .01251 .1892

5 

2.420 16 .028 
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Pair 

24 

RING-PRE - 

RING-8W 

.03047 .20899 .05069 -.07698 .1379

3 

.601 16 .556 

Pair 

25 

CONE-PRE - 

CONE-8W 

.08394 .17276 .04190 -.00489 .1727

7 

2.003 16 .062 

Pair 

26 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

.18171 .18251 .04426 .08787 .2755

4 

4.105 16 .001 

Pair 

27 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

.05618 .25255 .06125 -.07367 .1860

2 

.917 16 .373 

Pair 

28 

SIMULATION 

-PRE-L - 

SIMULATION 

-8W-L 

-

12.499

53 

32.6505

7 

7.91893 -

29.2869

1 

4.287

85 

-1.578 16 .134 

Pair 

29 

SIMULATION 

-PRE-R - 

SIMULATION 

-8W-R 

-

12.695

29 

34.1055

5 

8.27181 -

30.2307

5 

4.840

16 

-1.535 16 .144 

Pair 

30 

RING-PRE-L - 

RING-8W-L 

-

4.7893

5 

34.9387

3 

8.47389 -

22.7531

9 

13.17

449 

-.565 16 .580 

Pair 

31 

RING-PRE-R 

- RING-8W-R 

-

11.096

47 

49.3070

0 

11.9587

0 

-

36.4477

9 

14.25

485 

-.928 16 .367 

Pair 

32 

CONE-PRE-L 

- CONE-8W-L 

-

7.6916

5 

31.6523

1 

7.67681 -

23.9657

6 

8.582

47 

-1.002 16 .331 

Pair 

33 

CONE-PRE-R 

- CONE-8W-R 

-

11.169

41 

40.3582

9 

9.78832 -

31.9197

3 

9.580

90 

-1.141 16 .271 



RESULTS 
 

 Page 82 
 

Pair 

34 

MEDICINE 

BALL-PRE-L - 

MEDICINE 

BALL-8W-L 

-

14.790

65 

32.6291

9 

7.91374 -

31.5670

3 

1.985

73 

-1.869 16 .080 

Pair 

35 

MEDICINE 

BALL-PRE-R 

- MEDICINE 

BALL-8W-R 

-

4.2152

9 

42.7571

5 

10.3701

3 

-

26.1989

9 

17.76

841 

-.406 16 .690 

Pair 

36 

PEANUT 

BALL-PRE-L - 

PEANUT 

BALL-8W-L 

-

17.865

24 

46.8531

7 

11.3635

6 

-

41.9549

1 

6.224

44 

-1.572 16 .135 

Pair 

37 

PEANUT 

BALL-PRE-R 

- PEANUT 

BALL-8W-R 

-

5.0905

9 

33.4937

9 

8.12344 -

22.3115

1 

12.13

033 

-.627 16 .540 

Pair 

38 

SIMULATION 

-PRE - 

SIMULATION 

-8W 

-3.000 405.716 98.401 -

211.600 

205.6

00 

-.030 16 .976 

Pair 

39 

RING-PRE - 

RING-8W 

-

101.70

6 

296.404 71.889 -

254.103 

50.69

1 

-1.415 16 .176 

Pair 

40 

CONE-PRE - 

CONE-8W 

-51.647 237.846 57.686 -

173.936 

70.64

2 

-.895 16 .384 

Pair 

41 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

1.059 430.835 104.493 -

220.456 

222.5

74 

.010 16 .992 

Pair 

42 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

23.706 248.948 60.379 -

104.291 

151.7

03 

.393 16 .700 
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Pair 

43 

SIMULATION 

-PRE - 

SIMULATION-

8W 

.06265 .21572 .05232 -.04827 .1735

6 

1.197 16 .249 

Pair 

44 

RING-PRE - 

RING-8W 

.00576 .23941 .05807 -.11733 .1288

6 

.099 16 .922 

Pair 

45 

CONE-PRE - 

CONE-8W 

-.00294 .13957 .03385 -.07470 .0688

2 

-.087 16 .932 

Pair 

46 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

.03759 .26735 .06484 -.09987 .1750

5 

.580 16 .570 

Pair 

47 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

.13735 .22009 .05338 .02419 .2505

1 

2.573 16 .020 

 

 

 

        Table 5: within-group comparison for group 1:  INTERVENTION 

Groups  Categori

es  

Mean  Std 

deviation  

Lower 

CI 

Upper 

CI 

t P value 

PDMS- Grasp Pre  45.71 5.241 -2.704 -1.296 -6.022 .000 

 4w 47.71 4.441     

PDMS- Grasp 4w 47.71 4.441 -.757 .051 -1.852 .083 

 8w  48.06 4.190     

PDMS- VMI Pre  115.76 19.409 -4.565 -1.905 -5.157 .000 

 4w 119.00 19.413     

PDMS-VMI 4w 119.00 19.413 -2.024 -.211 -2.613 .019 

 8w  120.12 18.901     

QUEST 
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Dissociated 

movements 

Pre  80.505

9 

12.60173 -

6.9120

0 

-

3.61035 

-6.756 .000 

 4w 85.767

1 

13.07882     

Grasps Pre  81.847

1 

17.04590 -

4.5670

8 

-.86351 -3.108 .007 

 4w 84.562

4 

17.97635     

weight bearing Pre  91.471 13.7574 -

3.0673 

.3614 -1.673 .114 

 4w 92.824 11.5338     

Protective 

Extension 

Pre  93.545

9
b
 

11.69333 - - - - 

 4w 93.545

9
b
 

11.69333     

TOTAL Pre  86.819

4 

12.60635 -

3.0483

1 

-

1.65875 

-7.181 .000 

 4w 89.172

9 

12.38120     

Dissociated 

movements 

4w 85.767

1 

13.07882 -

.70484 

.14955 -1.378 .187 

 8w  86.044

7 

13.17924     

Grasps 4w 84.562

4 

17.97635 -

6.9070

5 

1.12117 -1.528 .146 

 8w  87.455

3 

13.29856     

weight bearing 4w 92.824

b
 

11.5338 - - - - 

 8w  92.823

5
b
 

11.53384     
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Protective 

Extension 

4w 93.545

9
b
 

11.69333 - - - - 

 8w  93.545

9
b
 

11.69333     

TOTAL 4w 89.172

9 

12.38120 -

1.8355

6 

.24968 -1.612 .126 

 8w  89.965

9 

11.46448     

GAS BASELI

NE 

30.00 .000 -9.895 -5.399 -7.211 .000 

 8W 37.65 4.372     

 

 % Change of experiment 

group 

Grasping 4.3 

VMI 3.6 

QUEST 3.1 

GAS 8.2 

 

PDMS- 2 (GRASPING) for experimental group showed significant value >0.05 with value of 0.000 

from pre to 4 weeks 

PDMS- 2 (VMI) for experimental group showed significant value >0.05  

QUEST for experimental group showed significant value >0.05 that is 0.000 from pre to 4 weeks 

GAS for experimental group showed significant value >0.05 that is 0.000 
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SUCCESS RATE WITHOUT DISTRACTOR 

SIMULATION -

Pronation 

Pre  40.0198 26.87808 -

35.16268 

-4.05414 -2.672 .017 

 4w 59.6282 21.74883     

SIMULATION -

Pronation 

4w 59.6282 21.74883 -

35.83241 

-

10.55312 

-3.890 .001 

 8w  82.8210 15.17890     

SIMULATION-

Supination 

Pre  48.3328 23.83387 -

35.58494 

-5.78730 -2.943 .010 

 4w 69.0189 20.43675     

SIMULATION-

Supination 

4w 69.0189 20.43675 -

20.37984 

4.49807 -1.353 .195 

 8w  76.9598 14.45397     

RING-Wrist flexion Pre  50.6982 26.10750 -

43.33325 

-1.68087 -2.291 .036 

 4w 73.2053 21.23805     

RING- Wrist flexion 4w 73.2053 21.23805 -

22.33291 

6.74385 -1.137 .272 

 8w  80.9998 19.21290     

RING-Wrist 

extension 

Pre  52.4226 29.59124 -

42.33357 

-.50843 -2.171 .045 

 4w 73.8436 21.49642     

RING- Wrist 

extension 

4w 73.8436 21.49642 -9.13923 18.28076 .707 .490 

 8w  69.2728 14.63413     

CONE-Pronation Pre  34.8035 30.21271 -

49.12230 

-

11.50711 

-3.417 .004 

 4w 65.1182 23.75916     

CONE- Pronation 4w 65.1182 23.75916 -

34.22855 

-5.18286 -2.876 .011 

 8w  84.8239 10.11069     

CONE-Supination Pre  56.4520 21.46978 -

21.30031 

12.34302 -.564 .580 

 4w 60.9306 28.91055     

CONE- Supination 4w 60.9306 28.91055 - 6.68521 -1.272 .221 
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26.75439 

 8w  70.9652 22.17912     

MEDICINE BALL-

Radial deviation 

Pre  41.4206 34.31285 -

49.49937 

-8.93240 -3.053 .008 

 4w 70.6365 17.02695     

MEDICINE BALL- 

Radial deviation 

4w 70.6365 17.02695 -

27.11573 

-3.20557 -2.688 .016 

 8w  85.7971 15.33974     

MEDICINE BAL-

Ulnar deviation 

Pre  45.0196 22.09285 -

28.57345 

-3.16502 -2.648 .018 

 4w 60.8888 14.66498     

MEDICINE BAL- 

Ulnar deviation 

4w 60.8888 14.66498 -

34.12020 

-

14.18533 

-5.137 .000 

 8w  85.0416 14.09092     

PEANUT BALL-

Shoulder extension 

Pre  59.0653 26.40448 -

32.50768 

.38768 -2.070 .055 

 4w 75.1253 20.94659     

PEANUT BALL- 

Shoulder extension 

4w 75.1253 20.94659 -

13.57370 

12.17441 -.115 .910 

 8w  75.8249 17.54547     

PEANUT BALL-

Shoulder flexion 

Pre  48.4151 31.10453 -

29.84403 

11.87120 -.913 .375 

 4w 57.4015 25.97938     

PEANUT BALL- 

Shoulder flexion 

4w 57.4015 25.97938 -

38.26962 

-

12.64568 

-4.212 .001 

 8w  82.8591 11.65163     

 

SUCCESS RATE WITH DISTRACTOR 

SIMULATION -

Pronation 

Pre  61.4441 32.40341 -

19.55595 

16.75784 -.163 .872 

 4w 62.8432 25.30718     

SIMULATION - 

Pronation 

4w 62.8432 25.30718 -

29.54624 

.97730 -1.984 .065 

 8w  77.1276 19.63857     

SIMULATION - Pre  38.4098 26.42597 - -8.30946 -3.395 .004 
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Supination 35.94901 

 4w 60.5391 17.89763     

SIMULATION - 

Supination 

4w 60.5391 17.89763 -

35.20566 

-

12.52528 

-4.461 .000 

 8w  84.4045 17.12704     

RING-Wrist flexion Pre  39.3688 33.48836 -

49.45231 

-8.86804 -3.046 .008 

 4w 68.5290 26.13171     

RING- Wrist flexion 4w 68.5290 26.13171 -

23.54838 

1.74074 -1.828 .086 

 8w  79.4328 14.67929     

RING-Wrist 

extension 

Pre  50.1234 24.59753 -

21.76404 

9.63581 -.819 .425 

 4w 56.1875 21.95452     

RING- Wrist 

extension 

4w 56.1875 21.95452 -

38.36444 

-5.04226 -2.761 .014 

 8w  77.8908 17.20591     

CONE-Pronation Pre  38.6247 36.22166 -

49.88911 

-

14.86113 

-3.919 .001 

 4w 70.9998 22.13616     

CONE- Pronation 4w 70.9998 22.13616 -

23.98190 

8.34931 -1.025 .321 

 8w  78.8161 20.02815     

CONE-Supination Pre  44.9415 27.63813 -

31.96406 

1.56783 -1.922 .073 

 4w 60.1396 18.47086     

CONE- Supination 4w 60.1396 18.47086 -

26.50352 

-3.91660 -2.855 .011 

 8w  75.3497 13.28421     

MEDICINE BALL-

Radial deviation 

Pre  46.3294 35.63110 -

41.49173 

-3.15933 -2.469 .025 

 4w 68.6549 19.42121     

MEDICINE BALL- 

Radial deviation 

4w 68.6549 19.42121 -

20.03381 

4.01145 -1.413 .177 

 8w  76.6661 12.71989     
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MEDICINE BALL-

Ulnar deviation 

Pre  39.2916 23.63946 -

48.96743 

-

17.49163 

-4.476 .000 

 4w 72.5212 14.28948     

MEDICINE BALL- 

Ulnar deviation 

4w 72.5212 14.28948 -

15.72516 

5.93363 -.958 .352 

 8w  77.4169 14.03893     

PEANUT BALL-

Shoulder extension 

Pre  47.6459 28.48508 -

39.74847 

-

12.45047 

-4.054 .001 

 4w 73.7454 15.23158     

PEANUT BALL- 

Shoulder extension 

4w 73.7454 15.23158 -

12.80816 

7.35875 -.573 .575 

 8w  76.4701 18.18695     

PEANUT BALL-

Shoulder flexion 

Pre  40.7145 27.90218 -

49.45496 

-9.62316 -3.144 .006 

 4w 70.2536 17.78247     

PEANUT BALL--

Shoulder flexion 

4w 70.2536 17.78247 -

23.50230 

10.11830 -.844 .411 

 8w  76.9456 25.33149     

 

CG1: 

Simulation showed significant value >0.05 with value of 0.001 for pronation  

Simulation showed significant value >0.05 with value of 0.010 for supination from pre to 4 

w 

Ring showed significant value >0.05 with value of 0.036 for wrist flexion from pre to 4 w 

Ring showed significant value >0.05 with value of 0.045 for wrist extension from pre to 4 w 

Cone showed significant value >0.05 that is 0.011 for pronation 

Medicine ball showed significant value >0.05  

Peanut ball showed significant value >0.05 with value of 0.001 for shoulder flexion from 

post 4 w to 8 w 

CG2: 

Simulation showed not significant value >0.05 with value of 0.065 for pronation  
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Simulation showed significant value >0.05 with value of 0.000 for supination 

Ring showed significant value >0.05 with value of 0.008 for wrist flexion from pre to 4 w 

Ring showed significant value >0.05 with value of 0.014 for wrist extension from 4 w to 8 w 

Cone showed significant value >0.05 with value of 0.001 for pronation from pre to 4 w 

Cone showed significant value >0.05 with value of 0.011 for supination from 4 w to 8 w 

Medicine ball showed significant value >0.05 with value of 0.025 for radial deviation from 

pre to 4 w 

Medicine ball showed significant value >0.05 with value of 0.000 for ulnar deviation from 

pre to 4 w 

Peanut ball showed significant value >0.05 with value of 0.001 for shoulder extension from 

pre to 4 w 

Peanut ball showed significant value >0.05 with value of 0.006 for shoulder flexion from pre 

to 4 w 

 

RESPONSE TIME WITHOUT DISTRACTOR  

SIMULATION  Pre  595.94 249.317 -166.904 175.963 .056 .956 

 4w 591.41 138.846     

SIMULATION  4w 591.41 138.846 -82.302 97.008 .174 .864 

 8w  584.06 101.270     

RING Pre  572.76 216.650 -118.259 96.023 -.220 .829 

 4w 583.88 125.046     

RING 4w 583.88 125.046 -103.729 151.964 .400 .695 

 8w  559.76 205.476     

CONE Pre  657.24 567.481 -234.846 365.552 .462 .651 

 4w 591.88 195.232     

CONE 4w 591.88 195.232 -52.156 164.039 1.097 .289 

 8w  535.94 86.875     

MEDICINE BALL Pre  531.18 241.200 -207.108 66.049 -

1.095 

.290 

 4w 601.71 96.961     

MEDICINE BALL 4w 601.71 96.961 -16.276 115.335 1.596 .130 



RESULTS 
 

 Page 91 
 

 8w  552.18 131.027     

PEANUT BALL Pre  612.59 93.958 -66.734 125.322 .647 .527 

 4w 583.29 165.878     

PEANUT BALL 4w 583.29 165.878 -4.875 207.816 2.023 .060 

 8w  481.82 122.795     

 

RESPONSE TIME WITH DISTRACTOR 

SIMULATION  Pre  586.06 250.235 -259.708 39.708 -

1.558 

.139 

 4w 696.06 144.366     

SIMULATION  4w 696.06 144.366 -15.965 156.318 1.727 .103 

 8w  625.88 69.487     

RING Pre  606.82 267.921 -151.746 228.217 .427 .675 

 4w 568.59 208.993     

RING 4w 568.59 208.993 -230.535 47.947 -

1.390 

.184 

 8w  659.88 114.147     

CONE Pre  575.94 305.544 -195.318 177.907 -.099 .922 

 4w 584.65 180.491     

CONE 4w 584.65 180.491 -179.810 47.575 -

1.233 

.235 

 8w  650.76 109.212     

MEDICINE BALL Pre  681.06 152.364 -35.540 254.364 1.600 .129 

 4w 571.65 191.480     

MEDICINE BALL 4w 571.65 191.480 -164.807 120.690 -.328 .747 

 8w  593.71 179.089     

PEANUT BALL Pre  520.35 253.886 -228.092 -16.379 -

2.448 

.026 

 4w 642.59 136.234     

PEANUT BALL 4w 642.59 136.234 -28.903 233.491 1.653 .118 
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 8w  540.29 229.103     

 

All five variables showed not significant p- value >0.05 except peanut ball, which showed 

significant p-value of >0.05 that is 0.026 

For game data write what all was significant under one and what was not significanT 

 

MOVEMENT ERROR WITHOUT DISTRACTOR  

SIMULATION  Pre  .2698 .18509 .02677 .24053 2.651 .017 

 4w .1362 .09400     

SIMULATION  4w .1362 .09400 .01745 .12266 2.823 .012 

 8w  .0661 .07370     

RING Pre  .2211 .15891 .01572 .21970 2.447 .026 

 4w .1034 .10325     

RING 4w .1034 .10325 -

.04520 

.12131 .969 .347 

 8w  .0653 .11521     

CONE Pre  .2608 .15652 .04974 .22038 3.356 .004 

 4w .1258 .08634     

CONE 4w .1258 .08634 .04285 .13374 4.119 .001 

 8w  .0375 .03270     

MEDICINE 

BALL 

Pre  .2268 .14891 .03372 .18922 3.039 .008 

 4w .1153 .08282     

MEDICINE 

BALL 

4w .1153 .08282 .01875 .12749 2.851 .012 

 8w  .0422 .05690     

PEANUT BALL Pre  .1868 .15043 -

.02677 

.17595 1.560 .138 

 4w .1122 .10740     

PEANUT BALL 4w .1122 .10740 -

.02545 

.09804 1.246 .231 

 8w  .0759 .07520     
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MOVEMENT ERROR  WITH DISTRACTOR  

SIMULATION  Pre  .2059 .16515 -.00768 .18956 1.955 .068 

 4w .1150 .10739     

SIMULATION  4w .1150 .10739 -.01903 .11044 1.497 .154 

 8w  .0693 .09056     

RING Pre  .1995 .13600 .00287 .19749 2.182 .044 

 4w .0993 .09045     

RING 4w .0993 .09045 -.03140 .10340 1.132 .274 

 8w  .0633 .07144     

CONE Pre  .2504 .16047 -.02593 .20969 1.653 .118 

 4w .1585 .14051     

CONE 4w .1585 .14051 -

52.17639 

18.87486 -.994 .335 

 8w  16.8092 69.11120     

MEDICINE 

BALL 

Pre  .1722 .12730 -.01591 .13249 1.665 .115 

 4w .1139 .12250     

MEDICINE 

BALL 

4w .1139 .12250 -.02590 .10613 1.288 .216 

 8w  .0738 .06964     

PEANUT 

BALL 

Pre  .2232 .15138 .00014 .20656 2.123 .050 

 4w .1199 .11235     

PEANUT 

BALL 

4w .1199 .11235 .01284 .13281 2.573 .020 

 8w  .0471 .05481     

 

CG1: 

All four variables showed significant p-value >0.05, except peanut ball, which showed not 

significant p-value of >0.05 with value of 0.231 

CG2: 

All variables showed not significant p-value >0.05, except Ring which showed significant p-

value of >0.05 with value of 0.044 from pre to 4 w and peanut ball which showed significant 

p-value of >0.05 with value of 0.020 from 4 w to 8 w 
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Table: 6 Paired samples statistics for intra group differences from pre to post 8 w ( 

Intervention group) 

 

Paired Samples Statisticsa 

 Mean N 

Std. 

Deviation Std. Error Mean 

  PDMS-2-pre grasp 45.71 17 5.241 1.271 

 PDMS-2-8W 

GRASP 

48.06 17 4.190 1.016 

Pair 2  PDMS-2-pre VMI 115.76 17 19.409 4.707 

 PDMS-2-8W VMI 120.12 17 18.901 4.584 

Pair 3 Dissociated 

movements-PRE 

80.5059 17 12.60173 3.05637 

Dissociated 

movements-8W 

86.0447 17 13.17924 3.19644 

Pair 4 Grasps-PRE 81.8471 17 17.04590 4.13424 

Grasps-8W 87.4553 17 13.29856 3.22537 

Pair 5 weight bearing-

PRE 

91.471 17 13.7574 3.3366 

weight bearing-8W 92.8235 17 11.53384 2.79737 

Pair 6 Protective 

Extension-PRE 

93.5459
b
 17 11.69333 2.83605 

Protective 

Extension-8W 

93.5459
b
 17 11.69333 2.83605 

Pair 7 TOTAL-PRE 86.8194 17 12.60635 3.05749 

TOTAL-8W 89.9659 17 11.46448 2.78055 
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Pair 8 SIMULATION -

PRE-L 

40.0198 17 26.87808 6.51889 

SIMULATION -8W-

L 

82.8210 17 15.17890 3.68142 

Pair 9 SIMULATION -

PRE-R 

48.3328 17 23.83387 5.78056 

SIMULATION -8W-

R 

76.9598 17 14.45397 3.50560 

Pair 10 RING-PRE-L 50.6982 17 26.10750 6.33200 

RING-8W-L 80.9998 17 19.21290 4.65981 

Pair 11 RING-PRE-R 52.4226 17 29.59124 7.17693 

RING-8W-R 69.2728 17 14.63413 3.54930 

Pair 12 CONE-PRE-L 34.8035 17 30.21271 7.32766 

CONE-8W-L 84.8239 17 10.11069 2.45220 

Pair 13 CONE-PRE-R 56.4520 17 21.46978 5.20719 

CONE-8W-R 70.9652 17 22.17912 5.37923 

Pair 14 MEDICINE BALL-

PRE-L 

41.4206 17 34.31285 8.32209 

MEDICINE BALL-

8W-L 

85.7971 17 15.33974 3.72043 

Pair 15 MEDICINE BALL-

PRE-R 

45.0196 17 22.09285 5.35830 

MEDICINE BALL-

8W-R 

85.0416 17 14.09092 3.41755 

Pair 16 PEANUT BALL-

PRE-L 

59.0653 17 26.40448 6.40403 
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PEANUT BALL-

8W-L 

75.8249 17 17.54547 4.25540 

Pair 17 PEANUT BALL-

PRE-R 

48.4151 17 31.10453 7.54396 

PEANUT BALL-

8W-R 

82.8591 17 11.65163 2.82593 

Pair 18 SIMULATION -PRE 595.94 17 249.317 60.468 

SIMULATION -8W 584.06 17 101.270 24.562 

Pair 19 RING-PRE 572.76 17 216.650 52.545 

RING-8W 559.76 17 205.476 49.835 

Pair 20 CONE-PRE 657.24 17 567.481 137.634 

CONE-8W 535.94 17 86.875 21.070 

Pair 21 MEDICINE BALL-

PRE 

531.18 17 241.200 58.500 

MEDICINE BALL-

8W 

552.18 17 131.027 31.779 

Pair 22 PEANUT BALL-

PRE 

612.59 17 93.958 22.788 

PEANUT BALL-8W 481.82 17 122.795 29.782 

Pair 23 SIMULATION -PRE .2698 17 .18509 .04489 

SIMULATION-8W .0661 17 .07370 .01787 

Pair 24 RING-PRE .2211 17 .15891 .03854 

RING-8W .0653 17 .11521 .02794 

Pair 25 CONE-PRE .2608 17 .15652 .03796 

CONE-8W .0375 17 .03270 .00793 
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Pair 26 MEDICINE BALL-

PRE 

.2268 17 .14891 .03612 

MEDICINE BALL-

8W 

.0422 17 .05690 .01380 

Pair 27 PEANUT BALL-

PRE 

.1868 17 .15043 .03648 

PEANUT BALL-8W .0759 17 .07520 .01824 

Pair 28 SIMULATION -

PRE-L 

61.4441 17 32.40341 7.85898 

SIMULATION -8W-

L 

77.1276 17 19.63857 4.76305 

Pair 29 SIMULATION -

PRE-R 

38.4098 17 26.42597 6.40924 

SIMULATION -8W-

R 

84.4045 17 17.12704 4.15392 

Pair 30 RING-PRE-L 39.3688 17 33.48836 8.12212 

RING-8W-L 79.4328 17 14.67929 3.56025 

Pair 31 RING-PRE-R 50.1234 17 24.59753 5.96578 

RING-8W-R 77.8908 17 17.20591 4.17305 

Pair 32 CONE-PRE-L 38.6247 17 36.22166 8.78504 

CONE-8W-L 78.8161 17 20.02815 4.85754 

Pair 33 CONE-PRE-R 44.9415 17 27.63813 6.70323 

CONE-8W-R 75.3497 17 13.28421 3.22189 

Pair 34 MEDICINE BALL-

PRE-L 

46.3294 17 35.63110 8.64181 

MEDICINE BALL-

8W-L 

76.6661 17 12.71989 3.08503 
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Pair 35 MEDICINE BALL-

PRE-R 

39.2916 17 23.63946 5.73341 

MEDICINE BALL-

8W-R 

77.4169 17 14.03893 3.40494 

Pair 36 PEANUT BALL-

PRE-L 

47.6459 17 28.48508 6.90865 

PEANUT BALL-

8W-L 

76.4701 17 18.18695 4.41098 

Pair 37 PEANUT BALL-

PRE-R 

40.7145 17 27.90218 6.76727 

PEANUT BALL-

8W-R 

76.9456 17 25.33149 6.14379 

Pair 38 SIMULATION -PRE 586.06 17 250.235 60.691 

SIMULATION -8W 625.88 17 69.487 16.853 

Pair 39 RING-PRE 606.82 17 267.921 64.980 

RING-8W 659.88 17 114.147 27.685 

Pair 40 CONE-PRE 575.94 17 305.544 74.105 

CONE-8W 650.76 17 109.212 26.488 

Pair 41 MEDICINE BALL-

PRE 

681.06 17 152.364 36.954 

MEDICINE BALL-

8W 

593.71 17 179.089 43.435 

Pair 42 PEANUT BALL-

PRE 

520.35 17 253.886 61.576 

PEANUT BALL-8W 540.29 17 229.103 55.566 

Pair 43 SIMULATION -PRE .2059 17 .16515 .04005 

SIMULATION-8W .0693 17 .09056 .02196 
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Pair 44 RING-PRE .1995 17 .13600 .03299 

RING-8W .0633 17 .07144 .01733 

Pair 45 CONE-PRE .2504 17 .16047 .03892 

CONE-8W 16.8092 17 69.11120 16.76193 

Pair 46 MEDICINE BALL-

PRE 

.1722 17 .12730 .03087 

MEDICINE BALL-

8W 

.0738 17 .06964 .01689 

Pair 47 PEANUT BALL-

PRE 

.2232 17 .15138 .03671 

PEANUT BALL-8W .0471 17 .05481 .01329 

 

Paired Samples Testa 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Devi

ation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 1  PDMS-2-pre 

grasp -  PDMS-

2-8W GRASP 

-2.353 1.76

6 

.428 -3.261 -1.445 -5.494 16 .000 

Pair 2  PDMS-2-pre 

VMI -  PDMS-

2-8W VMI 

-4.353 3.29

7 

.800 -6.048 -2.658 -5.444 16 .000 
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Pair 3 Dissociated 

movements-

PRE - 

Dissociated 

movements-

8W 

-

5.5388

2 

2.80

985 

.6814

9 

-

6.98352 

-

4.09413 

-8.128 16 .000 

Pair 4 Grasps-PRE - 

Grasps-8W 

-

5.6082

4 

8.00

598 

1.941

74 

-

9.72453 

-

1.49194 

-2.888 16 .011 

Pair 5 weight bearing-

PRE - weight 

bearing-8W 

-

1.3529

4 

3.33

431 

.8086

9 

-

3.06729 

.36140 -1.673 16 .114 

Pair 7 TOTAL-PRE - 

TOTAL-8W 

-

3.1464

7 

2.37

146 

.5751

6 

-

4.36576 

-

1.92718 

-5.471 16 .000 

Pair 8 SIMULATION -

PRE-L - 

SIMULATION -

8W-L 

-

42.801

18 

28.1

8837 

6.836

68 

-

57.2943

0 

-

28.3080

5 

-6.261 16 .000 

Pair 9 SIMULATION -

PRE-R - 

SIMULATION -

8W-R 

-

28.627

00 

25.0

6781 

6.079

84 

-

41.5156

8 

-

15.7383

2 

-4.709 16 .000 

Pair 

10 

RING-PRE-L - 

RING-8W-L 

-

30.301

59 

30.9

5802 

7.508

42 

-

46.2187

3 

-

14.3844

5 

-4.036 16 .001 

Pair 

11 

RING-PRE-R - 

RING-8W-R 

-

16.850

24 

32.2

3893 

7.819

09 

-

33.4259

6 

-.27451 -2.155 16 .047 

Pair 

12 

CONE-PRE-L - 

CONE-8W-L 

-

50.020

41 

30.8

8337 

7.490

32 

-

65.8991

8 

-

34.1416

5 

-6.678 16 .000 
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Pair 

13 

CONE-PRE-R - 

CONE-8W-R 

-

14.513

24 

27.0

5193 

6.561

06 

-

28.4220

5 

-.60442 -2.212 16 .042 

Pair 

14 

MEDICINE 

BALL-PRE-L - 

MEDICINE 

BALL-8W-L 

-

44.376

53 

34.9

5928 

8.478

87 

-

62.3509

3 

-

26.4021

3 

-5.234 16 .000 

Pair 

15 

MEDICINE 

BALL-PRE-R - 

MEDICINE 

BALL-8W-R 

-

40.022

00 

22.5

9651 

5.480

46 

-

51.6400

5 

-

28.4039

5 

-7.303 16 .000 

Pair 

16 

PEANUT 

BALL-PRE-L - 

PEANUT 

BALL-8W-L 

-

16.759

65 

27.3

9400 

6.644

02 

-

30.8443

4 

-

2.67495 

-2.523 16 .023 

Pair 

17 

PEANUT 

BALL-PRE-R - 

PEANUT 

BALL-8W-R 

-

34.444

06 

27.2

0326 

6.597

76 

-

48.4306

8 

-

20.4574

3 

-5.221 16 .000 

Pair 

18 

SIMULATION -

PRE - 

SIMULATION -

8W 

11.882 279.

382 

67.76

0 

-

131.762 

155.527 .175 16 .863 

Pair 

19 

RING-PRE - 

RING-8W 

13.000 285.

208 

69.17

3 

-

133.640 

159.640 .188 16 .853 

Pair 

20 

CONE-PRE - 

CONE-8W 

121.29

4 

581.

700 

141.0

83 

-

177.788 

420.377 .860 16 .403 

Pair 

21 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

-21.000 298.

663 

72.43

6 

-

174.558 

132.558 -.290 16 .776 
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Pair 

22 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

130.76

5 

148.

471 

36.00

9 

54.428 207.101 3.631 16 .002 

Pair 

23 

SIMULATION -

PRE - 

SIMULATION-

8W 

.20371 .209

17 

.0507

3 

.09616 .31125 4.015 16 .001 

Pair 

24 

RING-PRE - 

RING-8W 

.15576 .158

83 

.0385

2 

.07410 .23743 4.044 16 .001 

Pair 

25 

CONE-PRE - 

CONE-8W 

.22335 .155

36 

.0376

8 

.14347 .30323 5.928 16 .000 

Pair 

26 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

.18459 .133

12 

.0322

9 

.11615 .25303 5.717 16 .000 

Pair 

27 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

.11088 .167

22 

.0405

6 

.02491 .19686 2.734 16 .015 

Pair 

28 

SIMULATION -

PRE-L - 

SIMULATION -

8W-L 

-

15.683

53 

34.4

5585 

8.356

77 

-

33.3991

0 

2.03204 -1.877 16 .079 

Pair 

29 

SIMULATION -

PRE-R - 

SIMULATION -

8W-R 

-

45.994

71 

26.4

3610 

6.411

69 

-

59.5868

9 

-

32.4025

2 

-7.174 16 .000 

Pair 

30 

RING-PRE-L - 

RING-8W-L 

-

40.064

00 

28.4

0636 

6.889

55 

-

54.6692

0 

-

25.4588

0 

-5.815 16 .000 
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Pair 

31 

RING-PRE-R - 

RING-8W-R 

-

27.767

47 

29.9

2237 

7.257

24 

-

43.1521

4 

-

12.3828

1 

-3.826 16 .001 

Pair 

32 

CONE-PRE-L - 

CONE-8W-L 

-

40.191

41 

41.7

5743 

10.12

766 

-

61.6611

0 

-

18.7217

2 

-3.968 16 .001 

Pair 

33 

CONE-PRE-R - 

CONE-8W-R 

-

30.408

18 

30.2

6192 

7.339

59 

-

45.9674

2 

-

14.8489

3 

-4.143 16 .001 

Pair 

34 

MEDICINE3 

BALL-PRE-L - 

MEDICINE 

BALL-8W-L 

-

30.336

71 

39.5

4660 

9.591

46 

-

50.6696

9 

-

10.0037

2 

-3.163 16 .006 

Pair 

35 

MEDICINE 

BALL-PRE-R - 

MEDICINE 

BALL-8W-R 

-

38.125

29 

26.9

1758 

6.528

47 

-

51.9650

4 

-

24.2855

5 

-5.840 16 .000 

Pair 

36 

PEANUT 

BALL-PRE-L - 

PEANUT 

BALL-8W-L 

-

28.824

18 

29.7

9126 

7.225

44 

-

44.1414

3 

-

13.5069

2 

-3.989 16 .001 

Pair 

37 

PEANUT 

BALL-PRE-R - 

PEANUT 

BALL-8W-R 

-

36.231

06 

34.2

9563 

8.317

91 

-

53.8642

4 

-

18.5978

7 

-4.356 16 .000 

Pair 

38 

SIMULATION -

PRE - 

SIMULATION -

8W 

-39.824 280.

906 

68.13

0 

-

184.252 

104.605 -.585 16 .567 

Pair 

39 

RING-PRE - 

RING-8W 

-53.059 319.

415 

77.47

0 

-

217.287 

111.169 -.685 16 .503 

Pair 

40 

CONE-PRE - 

CONE-8W 

-74.824 308.

845 

74.90

6 

-

233.617 

83.970 -.999 16 .333 
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Pair 

41 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

87.353 268.

464 

65.11

2 

-50.679 225.384 1.342 16 .198 

Pair 

42 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

-19.941 382.

966 

92.88

3 

-

216.844 

176.962 -.215 16 .833 

Pair 

43 

SIMULATION -

PRE - 

SIMULATION-

8W 

.13665 .177

31 

.0430

0 

.04548 .22781 3.178 16 .006 

Pair 

44 

RING-PRE - 

RING-8W 

.13618 .134

58 

.0326

4 

.06698 .20537 4.172 16 .001 

Pair 

45 

CONE-PRE - 

CONE-8W 

-

16.558

88 

69.0

8622 

16.75

587 

-

52.0797

4 

18.9619

7 

-.988 16 .338 

Pair 

46 

MEDICINE 

BALL-PRE - 

MEDICINE 

BALL-8W 

.09841 .132

53 

.0321

4 

.03027 .16655 3.062 16 .007 

Pair 

47 

PEANUT 

BALL-PRE - 

PEANUT 

BALL-8W 

.17618 .151

47 

.0367

4 

.09830 .25405 4.796 16 .000 
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Table 7: Between-group comparison of continuous variables for pre or baseline values  

 
Grou

p 
N Mean 

Std. 

Deviati

on 

T 

statisti

c 

P 

value 
Lower CI Upper CI 

PDMS-2-

pre- grasp 

1 17 45.71 5.241 2.817 .008 1.710 10.643 

2 17 39.53 7.366     

PDMS-2-

pre -VMI 

1 17 115.76 19.409 4.306 .000 15.065 42.112 

2 17 87.18 19.304     

QUEST 

TOTAL-

PRE 

1 17 86.8194 12.606

35 

3.483 .001 6.50356 24.82820 

2 17 71.1535 13.602

89 

    

GAS-

BASELIN

E 

1 17 30.00 .000a 1.922 .064 -.212 7.271 

2 17 30.00 .000a     

 

Significant outcome for three variables – PDMS-2 (Grasp ) and (VMI) , QUEST variables with p-

value > 0.05 which is significant. 

Insignificant outcome for GAS variable in pre value with p- value >0.05 with value of 0.064 

which is insignificant 

And experimental group was better than control group on the basis of lower mean values. 

 

Table 8: Between-group comparison of continuous variables for post values  

 

 
Gro

up 
N Mean 

Std. 

Devia

tion 

T 

statistic 

P 

value 
Lower CI Upper CI 

PDMS-2-

8W 

GRASP 

1 17 48.06 4.190 3.417 .002 2.495 9.858 

2 17 41.88 6.163     

PDMS-2-

8W VMI 

1 17 120.12 18.90

1 

4.632 .000 16.708 42.939 

2 17 90.29 18.64

4 
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QUEST 

TOTAL-

8W 

1 17 89.9659 11.46

448 

3.359 .002 6.00611 24.51272 

2 17 74.7065 14.81

180 

    

GAS-8W 1 17 37.65 4.372 2.317 .027 .498 7.737 

2 17 34.12 6.183     

 

Significant outcome for all the variables with p-value > 0.05 which is significant and 

experimental group was better than control group on the basis of lower mean values. 

 

SUCCESS RATE WITHOUT DISTRACTOR 

SIMULATIO

N -PRE-

Pronation 

1 17 40.0198 26.87808 -.310 .759 

-

25.1168

8 

18.48393 

2 17 43.3363 34.99759     

SIMULATIO

N -PRE-

Supination 

1 17 48.3328 23.83387 1.583 .123 -4.11565 32.80942 

2 17 33.9859 28.78481     

SIMULATIO

N -8W- 

Pronation 

1 17 82.8210 15.17890 4.924 .000 22.7391

2 

54.82241 

2 17 44.0402 28.70490     

SIMULATIO

N -8W- 

Supination 

1 17 76.9598 14.45397 4.302 .000 15.8450

4 

44.33731 

2 17 46.8686 24.95265     

RING-PRE-

Wrist flexion 

1 17 50.6982 26.10750 2.084 .045 .46135 40.13829 

2 17 30.3984 30.51135     

RING-PRE-

Wrist 

extension 

1 17 52.4226 29.59124 2.718 .011 6.54545 45.72443 

2 17 26.2876 26.39471     

RING-8W- 

Wrist flexion 
1 17 80.9998 19.21290 3.827 .001 

17.4829

6 
57.26222 

 2 17 43.6272 35.37988     

RING-8W- 

Wrist 

extension 

1 17 69.2728 14.63413 1.974 .057 -.60883 38.55259 

2 17 50.3009 36.83416     

CONE-PRE-

Pronation 

1 17 34.8035 30.21271 .780 .441 -

13.0307

6 

29.19311 
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2 17 26.7224 30.22260     

CONE-PRE-

Supination 

1 17 56.4520 21.46978 3.088 .004 8.78141 42.80776 

CONE-8W- 

Pronation 

1 17 84.8239 10.11069 5.617 .000 27.0700

0 

57.87388 

2 17 42.3520 29.49117     

CONE-8W- 

Supination 

1 17 70.9652 22.17912 3.159 .003 11.1450

6 

51.60188 

2 17 39.5918 34.41868     

MEDICINE 

BALL-PRE-

Radial 

deviation 

1 17 41.4206 34.31285 2.866 .007 8.05113 47.62063 

2 17 13.5847 20.65070     

MEDICINE 

BALL-PRE-

Ulnar 

deviation 

1 17 45.0196 22.09285 1.624 .114 -3.47362 30.82738 

2 17 31.3427 26.77830     

MEDICINE 

BALL-8W- 

Radial 

deviation 

1 17 85.7971 15.33974 3.736 .001 15.0801

7 

51.22971 

2 17 52.6422 33.21539     

MEDICINE 

BALL-8W- 

Ulnar 

deviation 

1 17 85.0416 14.09092 3.572 .001 
14.9703

5 
54.71047 

2 17 50.2012 37.67135     

PEANUT 

BALL-PRE-

Shoulder 

extension 

1 17 59.0653 26.40448 3.531 .001 
14.3957

6 
53.63835 

2 17 25.0482 29.66876     

PEANUT 

BALL-PRE-

shoulder 

flexion 

1 17 48.4151 31.10453 2.652 .012 5.67280 43.22438 

PEANUT 

BALL-8W- 

Shoulder 

extension 

1 17 75.8249 17.54547 3.120 .004 9.91092 47.17390 

2 17 47.2825 33.38344     

PEANUT 

BALL-8W- 

shoulder 

1 17 82.8591 11.65163 3.858 .001 13.1536

0 

42.58158 

2 17 54.9915 27.40996     
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flexion 

 

SUCCESS RATE WITH DISTRACTOR  

SIMULATION 

-PRE-Pronation 

1 17 61.4441 32.40341 3.159 .003 10.60248 49.09269 

2 17 31.5965 21.62276     

SIMULATION 

-PRE-

Supination 

1 17 38.4098 26.42597 .405 .688 
-

14.12766 
21.14613 

SIMULATION 

-8W-Pronation 

1 17 77.1276 19.63857 3.805 .001 15.34807 50.71510 

2 17 44.0961 29.92611     

SIMULATION 

-8W-Supination 

1 17 84.4045 17.12704 4.581 .000 20.44174 53.17556 

RING-PRE-

Wrist flexion 

1 17 39.3688 33.48836 .865 .393 -

13.06495 

32.35001 

2 17 29.7263 31.48345     

RING-PRE-

Wrist extension 

1 17 50.1234 24.59753 1.909 .065 -1.12318 34.54401 

2 17 33.4129 26.42059     

RING-8W-

Wrist flexion 

1 17 79.4328 14.67929 5.559 .000 28.45716 61.37720 

2 17 34.5156 29.90991     

RING-8W-

Wrist extension 

1 17 77.8908 17.20591 3.705 .001 15.02666 51.73616 

2 17 44.5094 32.92896     

CONE-PRE-

Pronation 

1 17 38.6247 36.22166 .504 .618 -

16.66635 

27.61329 

2 17 33.1512 26.38863     

CONE-PRE-

Supination 

1 17 44.9415 27.63813 .935 .357 -

10.15993 

27.38534 

2 17 36.3288 26.07801     

CONE-8W-

Pronation 

1 17 78.8161 20.02815 4.604 .000 21.17352 54.77295 

2 17 40.8429 27.48180     

CONE-8W-

Supination 

1 17 75.3497 13.28421 3.416 .002 11.24515 44.45779 

2 17 47.4982 30.87774     

MEDICINE 

BALL-PRE-

Radial deviation 

1 17 46.3294 35.63110 1.770 .086 -3.25461 46.47579 

2 17 24.7188 35.54830     

MEDICINE 

BALL-PRE-

Ulnar deviation 

1 17 39.2916 23.63946 .154 .878 -

16.51920 

19.22367 

2 17 37.9394 27.38245     

MEDICINE 

BALL-8W- 

1 17 76.6661 12.71989 4.879 .000 21.64350 52.66979 

2 17 39.5095 28.70968     
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Radial deviation 

MEDICINE 

BALL-8W- 

Ulnar deviation 

1 17 77.4169 14.03893 3.987 .000 17.24782 53.27665 

2 17 42.1547 33.65342     

PEANUT 

BALL-PRE-

Shoulder 

extension 

1 17 47.6459 28.48508 1.622 .115 -4.47428 39.47428 

2 17 30.1459 34.16207     

PEANUT 

BALL-PRE-

Shouder flexion 

1 17 40.7145 27.90218 .134 .895 -

18.47479 

21.06855 

2 17 39.4176 28.69096     

PEANUT 

BALL-8W- 

Shoulder 

extension 

1 17 76.4701 18.18695 3.550 .001 12.13107 44.78682 

2 17 48.0111 27.59649     

PEANUT 

BALL-8W- 

Shouder flexion 

1 17 76.9456 25.33149 3.274 .003 12.25887 52.61583 

2 17 44.5082 32.04073     

 

CG1: 

Simulation showed not significant p- value >0.05 for pronation , Simulation showed 

significant p- value >0.05 with value of 0.000 for pronation in post values 

Simulation showed not significant p- value >0.05 for supination , Simulation showed 

significant p- value >0.05 with value of 0.000 for supination in post values 

Ring showed significant p- value >0.05, in both wrist flexion and extension of pre values, 

and significant p-value>0.05 with value of 0.001 for wrist extension for post 8 weeks 

Cone showed significant p- value >0.05 for post 8 weeks of both pronation and simulation, 

and showed not significant p- value >0.05 with value of 0.441 for pronation in pre values 

Medicine ball showed significant p- value >0.05 for post 8 weeks of both radial and ulnar 

deviation and showed not significant p- value >0.05 with value of 0.114 for ulnar deviation 

in pre values 

Peanut ball  showed  significant p- value >0.05 pre to post values 

CG2: 

Simulation  showed significant p- value >0.05, in both pronation and supination of post 

values, and not significant p-value>0.05 with value of 0.688  for supination for pre value 
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Ring showed significant p- value >0.05, in both wrist flexion and extension of post values, 

and not significant p-value>0.05 for pre values 

Cone showed significant p- value >0.05, in both pronation and supination of post values, 

and not significant p-value>0.05 for pre values 

Medicine ball showed significant p- value >0.05, in both radial and ulnar deviation of post 

values, and not significant p-value>0.05 for pre values, peanut ball showed significant p- 

value >0.05, in both shoulder flexion and extension of post values, and not significant p-

value>0.05 for pre values 

RESPONSE TIME WITHOUT DISTRACTOR  

SIMULATION 

-PRE 

1 17 595.94 249.317 -.055 .957 -213.275 202.098 

2 17 601.53 338.484     

SIMULATION 

-8W 

1 17 584.06 101.270 -.643 .525 -176.048 91.577 

2 17 626.29 251.216     

RING-PRE 1 17 572.76 216.650 -.147 .884 -189.058 163.646 

2 17 585.47 283.704     

RING-8W 1 17 559.76 205.476 -

1.48

1 

.148 -205.287 32.463 

2 17 646.18 125.217     

CONE-PRE 1 17 657.24 567.481 .257 .799 -258.071 332.541 

2 17 620.00 187.808     

CONE-8W 1 17 535.94 86.875 -

1.60

7 

.118 -226.900 26.782 

2 17 636.00 241.605     

MEDICINE 

BALL-PRE 

1 17 531.18 241.200 -

1.18

1 

.246 -217.341 57.812 

 2 17 610.94 139.187     

MEDICINE 

BALL-8W 

1 17 552.18 131.027 .087 .931 -109.583 119.348 

 2 17 547.29 191.091     

PEANUT 

BALL-PRE 

1 17 612.59 93.958 .932 .358 -74.666 200.666 

 2 17 549.59 262.342     

PEANUT 

BALL-8W 

1 17 481.82 122.795 -.848 .403 -187.700 77.347 

 2 17 537.00 238.494     
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RESPONSE RATE WITH DISTRACTOR  

SIMULATION 

-PRE 

1 17 586.06 250.235 .613 .544 -119.124 221.712 

2 17 534.76 237.439     

SIMULATION 

-8W 

1 17 625.88 69.487 1.22

8 

.228 -57.998 234.233 

2 17 537.76 287.484     

RING-PRE 1 17 606.82 267.921 .280 .781 -159.555 210.496 

2 17 581.35 261.698     

RING-8W 1 17 659.88 114.147 -.469 .642 -123.822 77.469 

2 17 683.06 168.741     

CONE-PRE 1 17 575.94 305.544 -

1.14

0 

.263 -267.190 75.425 

2 17 671.82 163.960     

CONE-8W 1 17 650.76 109.212 -

1.54

9 

.131 -168.318 22.906 

2 17 723.47 159.776     

MEDICINE 

BALL-PRE 

1 17 681.06 152.364 .867 .392 -108.686 269.745 

2 17 600.53 351.394     

MEDICINE 

BALL-8W 

1 17 593.71 179.089 -.090 .929 -135.883 124.353 

2 17 599.47 193.124     

PEANUT 

BALL-PRE 

1 17 520.35 253.886 -

1.59

3 

.121 -258.930 31.636 

2 17 634.00 148.403     

PEANUT 

BALL-8W 

1 17 540.29 229.103 -

1.01

1 

.320 -211.020 71.020 

2 17 610.29 170.274     

 

All the five variables showed not significant p- value >0.05 which is statistically insignificant 
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MOVEMENT ERROR WITHOUT DISTRACTOR 

SIMULATION 

-PRE 

1 17 .2698 .18509 -.990 .330 -.18973 .06561 

2 17 .3319 .18035     

SIMULATION-

8W 

1 17 .0661 .07370 -4.944 .000 -.23281 -.09695 

2 17 .2310 .11609     

RING-PRE 1 17 .2211 .15891 -1.561 .128 -.19511 .02582 

2 17 .3057 .15730     

RING-8W 1 17 .0653 .11521 -4.652 .000 -.30187 -.11801 

2 17 .2752 .14613     

CONE-PRE 1 17 .2608 .15652 -1.458 .155 -.18191 .03014 

2 17 .3367 .14683     

CONE-8W 1 17 .0375 .03270 -5.863 .000 -.29009 -.14049 

2 17 .2528 .14783     

MEDICINE 

BALL-PRE 

1 17 .2268 .14891 -2.960 .006 -.24479 -.04521 

2 17 .3718 .13648     

MEDICINE 

BALL-8W 

1 17 .0422 .05690 -3.250 .003 -.24057 -.05519 

2 17 .1901 .17879     

PEANUT 

BALL-PRE 

1 17 .1868 .15043 -1.963 .058 -.21405 .00393 

2 17 .2919 .16138     

PEANUT 

BALL-8W 

1 17 .0759 .07520 -3.813 .001 -.24512 -.07441 

2 17 .2357 .15555     

 

MOVEMENT ERROR WITH DISTRACTOR 

SIMULATION 

-PRE 

1 17 .2059 .16515 -1.315 .198 -.16790 .03613 

2 17 .2718 .12397     

SIMULATION-

8W 

1 17 .0693 .09056 -2.734 .010 -.24411 -.03565 

2 17 .2092 .19055     

RING-PRE 1 17 .1995 .13600 -2.590 .014 -.21762 -.02602 

2 17 .3213 .13822     

RING-8W 1 17 .0633 .07144 -5.418 .000 -.34707 -.15740 

2 17 .3155 .17816     

CONE-PRE 1 17 .2504 .16047 -.316 .754 -.11156 .08156 

2 17 .2654 .11159     

CONE-8W 1 17 16.809

2 

69.111

20 

.987 .331 -

17.602

08 

50.683

97 
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2 17 .2683 .16131     

MEDICINE 

BALL-PRE 

1 17 .1722 .12730 -2.918 .006 -.30044 -.05345 

2 17 .3492 .21514     

MEDICINE 

BALL-8W 

1 17 .0738 .06964 -4.927 .000 -.33606 -.13947 

2 17 .3116 .18638     

PEANUT 

BALL-PRE 

1 17 .2232 .15138 -2.397 .023 -.22818 -.01852 

2 17 .3466 .14869     

PEANUT 

BALL-8W 

1 17 .0471 .05481 -3.510 .001 -.25630 -.06805 

2 17 .2092 .18247     

 

CG1: 

Simulation, ring, cone, peanut ball showed not significant p- value >0.05 in pre values and 

showed significant p- value >0.05 in post values. 

Medicine ball showed significant p – value >0.05 in both pre and post values 

CG2: 

Ring, medicine ball and peanut ball showed significant p- value >0.05 in both pre and post 

values 

Simulation showed significant  p- value >0.05 with value of  0.010 in post value 

Cone showed not significant  p- value >0.05 in both pre and post values. 

 

 

Table 9: Between the groups differences from pre to post 8 weeks 

Group Statistics 

 
group N Mean 

Std. 

Deviation Std. Error Mean 

PDMS-GRASP 1 17 2.29 1.759 .427 

2 17 1.71 1.611 .391 

PDMS- VMI 1 17 4.35 3.297 .800 

2 17 1.53 1.700 .412 
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QUEST 1 17 3.2624 2.27350 .55141 

2 17 3.5424 3.61452 .87665 

GAS 1 17 8.24 3.930 .953 

2 17 4.12 6.183 1.500 

SUCCES RATE 

WITHOUT 

DISTRACTOR 

     

     

SIMULATION-L 1 17 44.7618 24.74066 6.00049 

2 17 36.1724 25.13541 6.09623 

SIMULATION-R 1 17 33.2474 18.01510 4.36930 

2 17 34.2579 19.87499 4.82039 

RING-L 1 17 38.2000 19.58312 4.74960 

2 17 32.3459 28.19788 6.83899 

RING-R 1 17 28.3791 22.02547 5.34196 

2 17 46.0012 21.97555 5.32985 

CONE - L 1 17 51.7006 27.78636 6.73918 

2 17 36.1198 24.34798 5.90525 

CONE- R 1 17 20.4841 22.57528 5.47531 

2 17 28.7876 23.41971 5.68011 

MEDICINE 

BALL-L 

1 17 47.1208 30.90870 7.49646 

2 17 50.1741 30.25590 7.33813 

MEDICINE 

BALL- R 

1 17 40.0206 22.59640 5.48043 

2 17 47.1347 29.01227 7.03651 

PEANUT BALL- 1 17 22.4453 22.66259 5.49649 
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L 2 17 33.3541 29.96468 7.26750 

PEANUT BALL- 

R 

1 17 36.4035 24.33875 5.90301 

2 17 36.3041 26.22029 6.35936 

 

 

RESPONSE 

TIME(WITHOUT 

DISTRACTOR 

     

     

SIMULATION 1 17 197.88 191.310 46.399 

2 17 285.12 279.718 67.842 

RING 1 17 211.00 184.985 44.865 

2 17 264.88 155.879 37.806 

CONE 1 17 352.35 471.269 114.299 

2 17 195.76 136.697 33.154 

MEDICINE BALL 1 17 220.29 195.207 47.345 

2 17 343.65 245.246 59.481 

PEANUT BALL 1 17 151.94 125.231 30.373 

2 17 191.24 153.998 37.350 

MOVEMENT 

ERROR(WITHO

UT DISTRACTR 

     

     

SIMULATION 1 17 .2306 .17697 .04292 

2 17 .1685 .10088 .02447 

RING 1 17 .1666 .14670 .03558 

2 17 .1692 .11940 .02896 
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CONE 1 17 .2311 .14279 .03463 

2 17 .1581 .10388 .02519 

MEDICINE BALL 1 17 .1846 .13312 .03229 

2 17 .2174 .13489 .03272 

PEANUT BALL 1 17 .1529 .12724 .03086 

2 17 .1985 .15892 .03854 

SUCCES RATE 

WITH 

DISTRACTOR 

     

     

SIMULATION-L 1 17 27.1329 25.81363 6.26073 

2 17 27.7947 21.40300 5.19099 

SIMULATION-R 1 17 45.9932 26.43649 6.41179 

2 17 27.9882 22.40831 5.43481 

RING-L 1 17 41.5335 26.06446 6.32156 

2 17 26.5541 22.26893 5.40101 

RING-R 1 17 35.0224 20.27885 4.91834 

2 17 38.5459 31.35859 7.60557 

CONE - L 1 17 45.6806 35.25383 8.55031 

2 17 27.3288 16.46720 3.99388 

CONE- R 1 17 38.3294 18.36044 4.45306 

2 17 28.7271 29.74092 7.21323 

MEDICINE 

BALL-L 

1 17 41.3157 26.98147 6.54397 

2 17 29.6912 18.98329 4.60412 

MEDICINE 1 17 39.9447 23.94835 5.80833 
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BALL- R 2 17 33.6271 25.40867 6.16251 

PEANUT BALL- 

L 

1 17 33.7257 23.70009 5.74812 

2 17 41.0565 26.56772 6.44362 

PEANUT BALL- 

R 

1 17 42.7982 24.99208 6.06147 

2 17 27.3459 18.83701 4.56865 

RESPONSE 

TIME(WITH 

DISTRACTOR 

     

     

SIMULATION 1 17 189.82 205.690 49.887 

2 17 285.12 279.718 67.842 

RING 1 17 224.47 226.894 55.030 

2 17 264.88 155.879 37.806 

CONE 1 17 243.65 195.600 47.440 

2 17 264.88 155.879 37.806 

MEDICINE BALL 1 17 197.47 196.847 47.742 

2 17 343.65 245.246 59.481 

PEANUT BALL 1 17 297.59 230.200 55.832 

2 17 191.24 153.998 37.350 

MOVEMENT 

ERROR(WITH 

DISTRACTOR 

     

     

SIMULATION 1 17 .1588 .15651 .03796 

2 17 .1791 .12866 .03121 

RING 1 17 .1475 .12127 .02941 

2 17 .1855 .14415 .03496 
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CONE 1 17 16.9482 68.97243 16.72827 

2 17 .1172 .07001 .01698 

MEDICINE BALL 1 17 .1306 .09859 .02391 

2 17 .2146 .15500 .03759 

PEANUT BALL 1 17 .1922 .12915 .03132 

2 17 .2042 .15554 .03772 

 

 

 

 

 t 

Sig. (2-

tailed) 

Mean 

Differen

ce 

Std. 

Error 

Differen

ce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

PDMS-

GRASP 

Equal 

variances 

assumed 

1.01

7 

.317 .588 .579 -.590 1.767 

Equal 

variances not 

assumed 

1.01

7 

.317 .588 .579 -.591 1.767 

PDMS- VMI Equal 

variances 

assumed 

3.13

9 

.004 2.824 .900 .991 4.656 

Equal 

variances not 

assumed 

3.13

9 

.004 2.824 .900 .967 4.680 
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QUEST Equal 

variances 

assumed 

-.270 .789 -.28000 1.03565 -

2.38954 

1.82954 

Equal 

variances not 

assumed 

-.270 .789 -.28000 1.03565 -

2.40517 

1.84517 

GAS Equal 

variances 

assumed 

2.31

7 

.027 4.118 1.777 .498 7.737 

Equal 

variances not 

assumed 

2.31

7 

.028 4.118 1.777 .472 7.763 

SIMULATI

ON-L 

Equal 

variances 

assumed 

1.00

4 

.323 8.58941 8.55394 -

8.83440 

26.0132

3 

Equal 

variances not 

assumed 

1.00

4 

.323 8.58941 8.55394 -

8.83457 

26.0134

0 

SIMULATI

ON-R 

Equal 

variances 

assumed 

-.155 .878 -

1.01053 

6.50592 -

14.2626

6 

12.2416

0 

Equal 

variances not 

assumed 

-.155 .878 -

1.01053 

6.50592 -

14.2676

4 

12.2465

8 

RING-L Equal 

variances 

assumed 

.703 .487 5.85412 8.32650 -

11.1064

0 

22.8146

4 

Equal 

variances not 

assumed 

.703 .488 5.85412 8.32650 -

11.1879

0 

22.8961

4 
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RING-R Equal 

variances 

assumed 

-

2.33

5 

.026 -

17.6220

6 

7.54612 -

32.9930

0 

-

2.25112 

Equal 

variances not 

assumed 

-

2.33

5 

.026 -

17.6220

6 

7.54612 -

32.9930

0 

-

2.25112 

CONE - L Equal 

variances 

assumed 

1.73

9 

.092 15.5807

6 

8.96039 -

2.67095 

33.8324

8 

Equal 

variances not 

assumed 

1.73

9 

.092 15.5807

6 

8.96039 -

2.68331 

33.8448

4 

CONE- R Equal 

variances 

assumed 

-

1.05

2 

.300 -

8.30353 

7.88941 -

24.3737

2 

7.76666 

Equal 

variances not 

assumed 

-

1.05

2 

.300 -

8.30353 

7.88941 -

24.3745

7 

7.76751 

MEDICINE 

BALL-L 

Equal 

variances 

assumed 

-.291 .773 -

3.05329 

10.4902

4 

-

24.4212

1 

18.3146

2 

Equal 

variances not 

assumed 

-.291 .773 -

3.05329 

10.4902

4 

-

24.4215

9 

18.3150

1 

MEDICINE 

BALL- R 

Equal 

variances 

assumed 

-.798 .431 -

7.11412 

8.91894 -

25.2814

1 

11.0531

8 

Equal 

variances not 

assumed 

-.798 .431 -

7.11412 

8.91894 -

25.3242

3 

11.0959

9 
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PEANUT 

BALL- L 

Equal 

variances 

assumed 

-

1.19

7 

.240 -

10.9088

2 

9.11197 -

29.4692

9 

7.65164 

Equal 

variances not 

assumed 

-

1.19

7 

.241 -

10.9088

2 

9.11197 -

29.5234

0 

7.70575 

PEANUT 

BALL- R 

Equal 

variances 

assumed 

.011 .991 .09941 8.67681 -

17.5746

6 

17.7734

9 

Equal 

variances not 

assumed 

.011 .991 .09941 8.67681 -

17.5784

9 

17.7773

2 

SIMULATI

ON 

Equal 

variances 

assumed 

-

1.06

1 

.296 -87.235 82.191 -

254.653 

80.183 

Equal 

variances not 

assumed 

-

1.06

1 

.298 -87.235 82.191 -

255.521 

81.050 

RING Equal 

variances 

assumed 

-.918 .365 -53.882 58.670 -

173.390 

65.625 

Equal 

variances not 

assumed 

-.918 .365 -53.882 58.670 -

173.525 

65.760 

CONE Equal 

variances 

assumed 

1.31

6 

.198 156.588 119.011 -85.829 399.005 

Equal 

variances not 

assumed 

1.31

6 

.204 156.588 119.011 -92.799 405.976 
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MEDICINE 

BALL 

Equal 

variances 

assumed 

-

1.62

3 

.114 -

123.353 

76.023 -

278.207 

31.501 

Equal 

variances not 

assumed 

-

1.62

3 

.115 -

123.353 

76.023 -

278.513 

31.807 

PEANUT 

BALL 

Equal 

variances 

assumed 

-.816 .420 -39.294 48.141 -

137.354 

58.765 

Equal 

variances not 

assumed 

-.816 .421 -39.294 48.141 -

137.514 

58.926 

SIMULATI

ON 

Equal 

variances 

assumed 

1.25

7 

.218 .06212 .04940 -.03852 .16275 

Equal 

variances not 

assumed 

1.25

7 

.220 .06212 .04940 -.03955 .16379 

RING Equal 

variances 

assumed 

-.056 .955 -.00259 .04587 -.09603 .09085 

Equal 

variances not 

assumed 

-.056 .955 -.00259 .04587 -.09618 .09101 

CONE Equal 

variances 

assumed 

1.70

6 

.098 .07306 .04283 -.01417 .16029 

Equal 

variances not 

assumed 

1.70

6 

.099 .07306 .04283 -.01450 .16062 
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MEDICINE 

BALL 

Equal 

variances 

assumed 

-.713 .481 -.03276 .04596 -.12639 .06086 

Equal 

variances not 

assumed 

-.713 .481 -.03276 .04596 -.12639 .06086 

PEANUT 

BALL 

Equal 

variances 

assumed 

-.924 .362 -.04565 .04938 -.14622 .05493 

Equal 

variances not 

assumed 

-.924 .362 -.04565 .04938 -.14641 .05512 

SIMULATI

ON-L 

Equal 

variances 

assumed 

-.081 .936 -.66176 8.13284 -

17.2278

1 

15.9042

8 

Equal 

variances not 

assumed 

-.081 .936 -.66176 8.13284 -

17.2501

3 

15.9266

0 

SIMULATI

ON-R 

Equal 

variances 

assumed 

2.14

2 

.040 18.0050

0 

8.40525 .88406 35.1259

4 

Equal 

variances not 

assumed 

2.14

2 

.040 18.0050

0 

8.40525 .86602 35.1439

8 

RING-L Equal 

variances 

assumed 

1.80

2 

.081 14.9794

1 

8.31463 -

1.95693 

31.9157

5 

Equal 

variances not 

assumed 

1.80

2 

.081 14.9794

1 

8.31463 -

1.97313 

31.9319

5 
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RING-R Equal 

variances 

assumed 

-.389 .700 -

3.52353 

9.05731 -

21.9726

7 

14.9256

1 

Equal 

variances not 

assumed 

-.389 .700 -

3.52353 

9.05731 -

22.0952

2 

15.0481

6 

CONE - L Equal 

variances 

assumed 

1.94

5 

.061 18.3517

6 

9.43710 -.87099 37.5745

1 

Equal 

variances not 

assumed 

1.94

5 

.064 18.3517

6 

9.43710 -

1.18636 

37.8898

9 

CONE- R Equal 

variances 

assumed 

1.13

3 

.266 9.60235 8.47706 -

7.66485 

26.8695

5 

Equal 

variances not 

assumed 

1.13

3 

.267 9.60235 8.47706 -

7.80186 

27.0065

6 

MEDICINE 

BALL-L 

Equal 

variances 

assumed 

1.45

3 

.156 11.6245

3 

8.00134 -

4.67367 

27.9227

3 

Equal 

variances not 

assumed 

1.45

3 

.157 11.6245

3 

8.00134 -

4.74692 

27.9959

8 

MEDICINE 

BALL- R 

Equal 

variances 

assumed 

.746 .461 6.31765 8.46836 -

10.9318

4 

23.5671

4 

Equal 

variances not 

assumed 

.746 .461 6.31765 8.46836 -

10.9342

1 

23.5695

0 
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PEANUT 

BALL- L 

Equal 

variances 

assumed 

-.849 .402 -

7.33076 

8.63488 -

24.9194

3 

10.2579

0 

Equal 

variances not 

assumed 

-.849 .402 -

7.33076 

8.63488 -

24.9283

6 

10.2668

3 

PEANUT 

BALL- R 

Equal 

variances 

assumed 

2.03

6 

.050 15.4523

5 

7.59039 -.00876 30.9134

6 

Equal 

variances not 

assumed 

2.03

6 

.051 15.4523

5 

7.59039 -.05489 30.9596

0 

SIMULATI

ON 

Equal 

variances 

assumed 

-

1.13

2 

.266 -95.294 84.209 -

266.823 

76.235 

Equal 

variances not 

assumed 

-

1.13

2 

.267 -95.294 84.209 -

267.423 

76.834 

RING Equal 

variances 

assumed 

-.605 .549 -40.412 66.765 -

176.408 

95.585 

Equal 

variances not 

assumed 

-.605 .550 -40.412 66.765 -

177.098 

96.274 

CONE Equal 

variances 

assumed 

-.350 .729 -21.235 60.662 -

144.799 

102.329 

Equal 

variances not 

assumed 

-.350 .729 -21.235 60.662 -

145.041 

102.571 
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MEDICINE 

BALL 

Equal 

variances 

assumed 

-

1.91

7 

.064 -

146.176 

76.271 -

301.536 

9.183 

Equal 

variances not 

assumed 

-

1.91

7 

.065 -

146.176 

76.271 -

301.822 

9.469 

PEANUT 

BALL 

Equal 

variances 

assumed 

1.58

3 

.123 106.353 67.173 -30.474 243.180 

Equal 

variances not 

assumed 

1.58

3 

.125 106.353 67.173 -31.260 243.966 

SIMULATI

ON 

Equal 

variances 

assumed 

-.414 .681 -.02035 .04914 -.12045 .07974 

Equal 

variances not 

assumed 

-.414 .682 -.02035 .04914 -.12059 .07989 

RING Equal 

variances 

assumed 

-.833 .411 -.03806 .04569 -.13112 .05501 

Equal 

variances not 

assumed 

-.833 .411 -.03806 .04569 -.13123 .05511 

CONE Equal 

variances 

assumed 

1.00

6 

.322 16.8310

0 

16.7282

8 

-

17.2433

9 

50.9053

9 

Equal 

variances not 

assumed 

1.00

6 

.329 16.8310

0 

16.7282

8 

-

18.6313

6 

52.2933

6 
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MEDICINE 

BALL 

Equal 

variances 

assumed 

-

1.88

5 

.068 -.08400 .04455 -.17475 .00675 

Equal 

variances not 

assumed 

-

1.88

5 

.070 -.08400 .04455 -.17540 .00740 

PEANUT 

BALL 

Equal 

variances 

assumed 

-.245 .808 -.01200 .04903 -.11188 .08788 

Equal 

variances not 

assumed 

-.245 .808 -.01200 .04903 -.11201 .08801 

 

 

Table 10: Repeated measures ANOVA for quest total scores and GAS scores 

Variable  Within group  Between group  Time vs group  

F  p Eta 

square 

F  p Eta 

square 

F  p Eta 

square 

Quest 

score 

40.750 .000 .56 .150 .701 .005 .150 .701 .005 

GAS 

scores  

41.026 .000 .562 3.69 .064 .103 3.69 .064 .103 

 

Significant outcome is seen in within group with p- value of 0.000 for both 

QUEST and GAS scores  

 

Table 11: Repeated measures ANOVA for PDMS scores-grasp and VMI 

Variabl

e  

Within group  Between group  Time vs group  

F  p Eta 

squar

e 

F  p Eta 

squar

e 

F  p Eta 

squar

e 

Grasp  35.90 .00 .529 9.823 .00 .235 .00 1.00 .000 
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5 0 4 0 0 

VMI  18.20

9 

.00

0 

.363 20.30

7 

.00

0 

.388 .49

8 

.486 .015 

 

Significant outcome is seen in within group with p- value of 0.000 for both 

Grasp and VMI scores and in between group with p- value of 0.004 for grasp 

and 0.000 for VMI respectively 

 

Table 12a: Repeated measures ANOVA for success rate without distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

squar

e 

F  p Eta 

squar

e 

F  p Eta 

squar

e 

Simulatio

n 

-Pronation 

11.42

6 

.00

2 

.263 6.708 .01

4 

.173 10.69

8 

.00

3 

.251 

Simulatio

n-

Supinatio

n  

13.97

6 

.00

1 

.304 14.22

2 

.00

1 

.308 2.011 .16

6 

.059 

Ring–

Wrist 

flexion 

12.02

4 

.00

2 

.273 14.92

8 

.00

1 

.318 1.850 .18

3 

.055 

Ring –

wrist 

extension 

8.989 .00

5 

.219 11.05

6 

.00

2 

.257 .276 .60

3 

.009 

Cone-

Pronation 

28.59

6 

.00

0 

.472 14.31

9 

.00

1 

.309 7.847 .00

9 

.197 

Cone-

Supinatio

n 

4.498 .04

2 

.123 15.23

3 

.00

0 

.323 .255 .61

7 

.008 

Medicine 

ball-

Radial 

deviation 

42.32

1 

.00

0 

.569 20.47

5 

.00

0 

.390 .172 .68

1 

.005 

Medicine 

ball-Ulnar 

19.24

3 

.00

0 

.376 15.49

3 

.00

0 

.326 2.486 .12

5 

.072 
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deviation 

Peanut 

ball-

Shoulder 

extension 

11.21

4 

.00

2 

.259 18.00

9 

.00

0 

.360 .221 .64

1 

.007 

Peanut 

ball-

Shoulder 

flexion 

40.64

6 

.00

0 

.560 16.21

0 

.00

0 

.336 .111 .74

1 

.003 

 

Significant outcome seen in within group and between group of all the 

variables with p- value > 0.05 and also in interaction between the time vs group 

of simulation and cone pronation with p – value > 0.05 

 

Table 12b: Repeated measures ANOVA for success rate with distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

squar

e 

F  p Eta 

squar

e 

F  p Eta 

squar

e 

Simulation 

-Pronation 

5.993 .02

0 

.158 20.09

8 

.00

0 

.386 .076 .78

4 

.002 

Simulation

-

Supination  

31.44

7 

.00

0 

.496 9.588 .00

4 

.231 10.12

3 

.00

3 

.240 

Ring–

Wrist 

flexion 

16.86

7 

.00

0 

.345 11.45

5 

.00

2 

.264 10.43

2 

.00

3 

.246 

Ring –

wrist 

extension 

7.719 .00

9 

.194 20.90

6 

.00

0 

.395 1.420 .24

2 

.042 

Cone-

Pronation 

14.19

7 

.00

1 

.307 8.954 .00

5 

.219 6.540 .01

5 

.170 

Cone-

Supination 

11.54

9 

.00

2 

.265 8.683 .00

6 

.213 2.473 .12

6 

.072 

Medicine 

ball-

Radial 

13.17

1 

.00

1 

.292 13.31

3 

.00

1 

.294 1.563 .22

0 

.047 
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deviation 

Medicine 

ball-Ulnar 

deviation 

11.93

9 

.00

2 

.272 8.367 .00

7 

.207 7.658 .00

9 

.193 

Peanut 

ball-

Shoulder 

extension 

12.02

1 

.00

2 

.273 11.73

9 

.00

2 

.268 .662 .42

2 

.020 

Peanut 

ball-

Shoulder 

flexion 

12.63

1 

.00

1 

.283 4.561 .04

0 

.125 7.174 .01

2 

.183 

 

Significant outcome seen in within group and between group of all the variables 

with p- value > 0.05 and also in interaction between the time vs group of 

simulation and cone supination, ring wrist flexion , cone pronation, medicine 

ball- ulnar deviation and peanut ball -shoulder flexionwith p – value > 0.05 

 

Table 13a: Repeated measures ANOVA for response time without distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

square 

F  p Eta 

square 

F  p Eta 

square 

Simulation .013 .908 .000 .134 .717 .004 .109 .743 .003 

Ring .253 .618 .008 .767 .388 .023 .604 .443 .019 

Cone  .394 .534 .012 .182 .672 .006 .670 .419 .021 

Medicine 

ball  

.216 .645 .007 .797 .379 .024 .852 .363 .026 

Peanut 

ball 

1.818 .187 .054 .010 .922 .000 1.236 .275 .037 

 

No significant outcome seen in any of the variables with p- value>0.05 
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Table 13b: Repeated measures ANOVA for response time with distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

square 

F  p Eta 

square 

F  p Eta 

square 

Simulation .128 .723 .004 1.950 .172 .057 .095 .760 .003 

Ring  2.144 .153 .063 .001 .982 .000 .212 .648 .007 

Cone  1.789 .190 .053 2.956 .095 .085 .060 .808 .002 

Medicine 

ball  

.516 .478 .016 .545 .466 .017 .491 .488 .015 

Peanut 

ball 

.001 .973 .000 4.504 .042 .123 .155 .696 .005 

 

No significant outcome seen in any of the variables with p- value>0.05 

 

Table 14a: Repeated measures ANOVA for movement error without distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

squar

e 

F  p Eta 

squar

e 

F  p Eta 

squar

e 

Simulatio

n 

21.51

9 

.00

0 

.402 8.925 .00

5 

.218 2.45

2 

.12

7 

.071 

Ring  8.557 .00

6 

.211 14.70

4 

.00

1 

.315 3.87

3 

.05

8 

.108 

Cone  29.73

6 

.00

0 

.482 17.16

3 

.00

0 

.349 6.12

0 

.01

9 

.161 

Medicine 

ball  

44.69

8 

.00

0 

.583 14.44

1 

.00

1 

.311 .003 .95

8 

.000 

Peanut 

ball 

5.172 .03

0 

.139 18.25

7 

.00

0 

.363 .555 .46

2 

.017 

 

Significant outcome is seen in within group and between group with p- value 

>0.05 for all variables and also in interaction between time vs group with p- 

value>0.05 for cone 
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Table 14b: Repeated measures ANOVA for movement error with distraction 

Variable  Within group  Between group  Time vs group  

F  p Eta 

squar

e 

F  p Eta 

squar

e 

F  p Eta 

squar

e 

Simulatio

n 

8.659 .00

6 

.213 7.472 .01

0 

.189 1.19

4 

.28

3 

.036 

Ring  4.541 .04

1 

.124 32.37

6 

.00

0 

.503 3.83

3 

.05

9 

.107 

Cone  .977 .33

0 

.030 .971 .33

2 

.029 .976 .33

1 

.030 

Medicine 

ball  

3.531 .06

9 

.099 25.39

8 

.00

0 

.442 .706 .40

7 

.022 

Peanut 

ball 

23.41

0 

.00

0 

.422 15.18

6 

.00

0 

.322 .359 .55

3 

.011 

 

Significant outcome is seen in within group with p- value >0.05 for all variables 

and also in between group with p- value>0.05 for all variables 
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Interpretation of Results 

 

The data was analysed using IBM SPSS version 25. 

 The descriptive statistics for all continuous variables have been presented as mean 

± std deviation. The normality in the data was confirmed using Shapiro-Wilk test. 

It is the test used for normality of the data in statistics (Table 1). All the variables 

in the data set were normally distributed hence Shapiro- wilk test had revealed non 

significant outcome indicating normality of the data set. Thus parametric tests for 

data analysis were used. 

For between group analysis of the baseline and the post values of all continuous 

and categorical variables between the intervention and control groups was done 

using unpaired t test and chi-square analysis respectively;  

For within group analysis of pre-post values comparison was done using paired t 

test for both experimental and control group. 

Table 1 depicts the distribution of participants. There were two groups considered 

in our study, Group 1 was experimental group and group 2 was control group. 

In the experimental group, 17 participants were assessed and 2 participants had 

GMFCS level I, 11 were GMFCS level II, and 04 participants were level III. 08 

participants were female and 09 participants were male. 

In the control group, 17 participants were assessed and 

 In addition, repeated measures ANOVA were used to check the influence of the 

interaction between time and group on the outcome. A p value of <.05 was 

considered significant for all analyses. 05 participants had GMFCS level I, 08 

participants were GMFCS level II and 04 participants were GMFCS level III. In 

this group 08 participants were females and 09 participants were male. 
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Table 1 shows homogenous distribution of Age, gender, height, weight, GMFCS, 

MACS level , treated hand and BMI across the groups respectively. 

For between group analysis of baseline values of PDMS-2 grasp , VMI, 

QUEST AND GAS  (Table 7)  unpaired t test was used to determine the 

significant difference between the two independent groups and it was realized that 

the differences in both the groups were significant as three variables – PDMS-2 

(Grasp ) and (VMI) , QUEST variables showed significant outcome of  p-value > 

0.05 which is significant. Also there was insignificant outcome for GAS variable 

in pre value with p- value >0.05 with value of 0.064 which is insignificant ,and 

experimental group was better than control group on the basis of lower mean 

values. 

 

For between group analysis of post values of PDMS-2 grasp , VMI, QUEST 

AND GAS  (Table 8)  unpaired t test was used to determine the significant 

difference between the two independent groups and it was realized that the 

differences in both the groups were significant as three variables – PDMS-2 (Grasp 

) and (VMI) , QUEST and GAS variables showed significant outcome of  p-value 

> 0.05 which is significant , and experimental group was better than control group 

on the basis of lower mean values. 

 

For between group analysis of  Pre to post for game variables. Unpaired t – test 

was used to determine the significant difference between the two independent 

groups and it was realized that most of the values showed significant difference of 

p- value >0.05. success rate without distractor-simulation at 8w-both sides; ring at 

baseline, 4w and 8w on both sides; baseline cone on right side; cone at 8w on both 

sides; medicine ball at baseline and 4w-left side, medicine ball at 8 weeks-left and 

right sides; baseline and 8w-peanut balls on both sides; movement error without 

distractor- simulation at 4w and 8w; ring at 4w and 8w; cone 8w; medicine ball-
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baseline, 4w and 8 w; peanut ball at 8w; success rate with distractor- baseline and 

4w simulation-left side; 8w simulation on both sides; ring at 8w-both sides; cone at 

4w-left side; cone at 8w-both sides; medicine ball at 4w-both sides; medicine ball 

at 8w-both sides; peanut ball at 4w and 8w-both sides; response rate with 

distractor- cone at 4w; movement disorder with distractor- simulation at 4w and 

8w; ring-baseline, 4w, 8w; medicine ball at baseline, 8w; peanut ball-baseline and 

8w; were significantly different between the intervention and control groups and 

intervention group was better than control group on the basis of higher mean 

values. 

In table 02, in the control group, PDMS- GRASP mean value indicated changes 

post treatment and higher values are recorded for post treatment outcome and also 

the standard deviation shows the consistency with post treatment value which is 

less than pre treatment value. The mean difference is negative indicating  post 

treatment score increased after  the  medical intervention which is the desired 

condition for the treatment outcome. Based on the results of the paired t- test 

analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.004>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

In table 02, in the control group, PDMS- VMI, mean value indicated changes post 

treatment and higher values are recorded for post treatment outcome and also the standard 

deviation shows the consistency with post treatment value which is less than pre treatment 

value. The mean difference is negative indicating post treatment score increased after the 

medical intervention which is the desired condition for the treatment outcome. Based on 

the results of the paired t- test analysis at 5% significance interval, there is an insignificant 

statistical reliable difference between the pre and post treatment values with p- value more 

than  the 5 % significance level (i.e. 0.077>0.05) in the study and therefore it justifies the 

non- improvements in health outcome post intervention. 

In table 02, in the Experimental group, QUEST mean value indicated changes 

post treatment and higher values are recorded for post treatment outcome and also 
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the standard deviation shows the consistency with post treatment value which is 

less than pre treatment value. The mean difference is negative indicating  post 

treatment score increased after  the  medical intervention which is the desired 

condition for the treatment outcome. Based on the results of the paired t- test 

analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.006>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

In table 02, in the control group, GAS scores mean value indicated changes post treatment 

and higher values are recorded for post treatment outcome and also the standard deviation 

shows the consistency with post treatment value which is less than pre treatment value. 

The mean difference is negative indicating post treatment score increased after the medical 

intervention which is the desired condition for the treatment outcome. Based on the results 

of the paired t- test analysis at 5% significance interval, there is significant statistical 

reliable difference between the pre and post treatment values with p- value less than  the 5 

% significance level (i.e. 0.014>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

In table 05, in the Experimental group, PDMS- GRASP mean value indicated 

changes post treatment and higher values are recorded for post treatment outcome 

and also the standard deviation shows the consistency with post treatment value 

which is less than pre treatment value. The mean difference is negative indicating  

post treatment score increased after  the  medical intervention which is the desired 

condition for the treatment outcome. Based on the results of the paired t- test 

analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.000>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

In table 05, in the Experimental group, PDMS- VMI mean value indicated 

changes post treatment and higher values are recorded for post treatment outcome 

and also the standard deviation shows the consistency with post treatment value 
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which is less than pre treatment value. The mean difference is negative indicating 

post treatment score increased after the  medical intervention which is the desired 

condition for the treatment outcome. Based on the results of the paired t- test 

analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.019>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention 

In table 05, in the Experimental group, QUEST mean value indicated changes 

post treatment and higher values are recorded for post treatment outcome and also 

the standard deviation shows the consistency with post treatment value which is 

less than pre treatment value. The mean difference is negative indicating post 

treatment score increased after  the  medical intervention which is the desired 

condition for the treatment outcome. Based on the results of the paired t- test 

analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.000>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

In table 05, in the experimental  group, GAS scores mean value indicated changes post 

treatment and higher values are recorded for post treatment outcome and also the standard 

deviation shows the consistency with post treatment value which is less than pre treatment 

value. The mean difference is negative indicating post treatment score increased after the 

medical intervention which is the desired condition for the treatment outcome. Based on 

the results of the paired t- test analysis at 5% significance interval, there is significant 

statistical reliable difference between the pre and post treatment values with p- value less 

than  the 5 % significance level (i.e. 0.000>0.05) in the study and therefore it justifies the 

improvements in health outcome post intervention. 

 

In table 03, in the control group, success rate (cognitive game 1) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 



RESULTS 
 

 Page 138 
 

value which is less than pre treatment value. The mean difference is negative 

indicating post treatment score increased after  the  medical intervention which is 

the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.006>0.05) for Ring – extension(pre to 4 w), cone – 

pronation and supination (pre to 4 w), Medicine ball- Radial and ulanr deviation 

(pre to 4 w), peanut ball- shoulder extension and flexion (pre to 4 w)  in the study 

and therefore it justifies the improvements in health outcome post intervention. 

In table 03, in the control group, success rate (cognitive game 2) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 

value which is less than pre treatment value. The mean difference is negative 

indicating  post treatment score increased after  the  medical intervention which is 

the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.006>0.05) for simulation – supination (pre to 4 w), ring 

– ular deviation (pre to 4 w), cone – supination ( pre to 4 w), medicine ball – radial 

deviation )pre to 4w) and peanut ball- shoulder extension (pre to 4w)in the study 

and therefore it justifies the improvements in health outcome post intervention. 

  

In table 03, in the control group, response time (cognitive game 1) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 

value which is less than pre treatment value. The mean difference is negative 

indicating post treatment score increased after  the  medical intervention which is 

the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 
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difference between the pre and post treatment values with p- value more than the 5 

% significance level (i.e>0.05) for all the variables in the study and therefore it 

justifies the  non improvements in health outcome post intervention. 

In table 03, in the control group, response time (cognitive game 2) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 

value which is less than pre treatment value. The mean difference is negative 

indicating post treatment score increased after  the  medical intervention which is 

the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value more than the 5 

% significance level (i.e>0.05) for all the variables in the study and therefore it 

justifies the  non improvements in health outcome post intervention. 

In table 03, in the control group, movement error (cognitive game 1) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 

value which is less than pre treatment value. The mean difference is negative 

indicating  post treatment score increased after  the  medical intervention which is 

the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.006>0.05) medicine ball (pre to 4w) and peanut ball-(4 

to 8 w) in the study and therefore it justifies the improvements in health outcome 

post intervention. 

In table 03, in the control group, movement error (cognitive game 2) mean value 

indicated changes post treatment and higher values are recorded for post treatment 

outcome and also the standard deviation shows the consistency with post treatment 

value which is less than pre treatment value. The mean difference is negative 

indicating  post treatment score increased after  the  medical intervention which is 
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the desired condition for the treatment outcome. Based on the results of the paired 

t- test analysis at 5% significance interval, there is significant statistical reliable 

difference between the pre and post treatment values with p- value less that the 5 

% significance level (i.e. 0.006>0.05) ring ( pre to 8 w), cone (4 to 8 w) and peanut 

ball-(pre to 4 w) in the study and therefore it justifies the improvements in health 

outcome post intervention. 

 

In table 05, in the experiment group, Succes rate (cognitive game 1 and cognitive 

game 2) mean value indicated changes post treatment and higher values are 

recorded for post treatment outcome and also the standard deviation shows the 

consistency with post treatment value which is less than pre treatment value. The 

mean difference is negative indicating  post treatment score increased after  the  

medical intervention which is the desired condition for the treatment outcome. 

Based on the results of the paired t- test analysis at 5% significance interval, there 

is significant statistical reliable difference between the pre and post treatment 

values with p- value less that the 5 % significance level (i.e. 0.006>0.05) for most 

of the variables in the study and therefore it justifies the improvements in health 

outcome post intervention. 

In table 05, in the experiment group, Response time (cognitive game 1) mean 

value indicated changes post treatment and higher values are recorded for post 

treatment outcome and also the standard deviation shows the consistency with post 

treatment value which is less than pre treatment value. The mean difference is 

negative indicating post treatment score increased after  the  medical intervention 

which is the desired condition for the treatment outcome. Based on the results of 

the paired t- test analysis at 5% significance interval, there is significant statistical 

reliable difference between the pre and post treatment values with p- value more 

than the 5 % significance level (i.e. 0.006>0.05) for most of the variables in the 

study and therefore it justifies the non improvements in health outcome post 

intervention. 
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In table 05, in the experiment group, Response time (cognitive game 2) mean 

value indicated changes post treatment and higher values are recorded for post 

treatment outcome and also the standard deviation shows the consistency with post 

treatment value which is less than pre treatment value. The mean difference is 

negative indicating post treatment score increased after  the  medical intervention 

which is the desired condition for the treatment outcome. Based on the results of 

the paired t- test analysis at 5% significance interval, there is significant statistical 

reliable difference between the pre and post treatment values with p- value more 

than the 5 % significance level (i.e. 0.006>0.05) for most of the variables in the 

study and therefore it justifies the non improvements in health outcome post 

intervention. and only one value of peanut ball showed significant difference from 

pre to post 4 weeks  with less than the 5% significance level ((i.e. 0.006>0.05) and 

therefore it justifies the improvements in health outcome post intervention. 

 

In table 05, in the experiment group, Movement error (cognitive game 1) mean 

value indicated changes post treatment and higher values are recorded for post 

treatment outcome and also the standard deviation shows the consistency with post 

treatment value which is less than pre treatment value. The mean difference is 

negative indicating post treatment score increased after  the  medical intervention 

which is the desired condition for the treatment outcome. Based on the results of 

the paired t- test analysis at 5% significance interval, there is significant statistical 

reliable difference between the pre and post treatment values with p- value more 

than the 5 % significance level (i.e. 0.006>0.05) for most of the variables in the 

study and therefore it justifies the non improvements in health outcome post 

intervention. 

In table 05, in the experiment group, Response time (cognitive game 2) mean 

value indicated changes post treatment and higher values are recorded for post 

treatment outcome and also the standard deviation shows the consistency with post 

treatment value which is less than pre treatment value. The mean difference is 
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negative indicating post treatment score increased after  the  medical intervention 

which is the desired condition for the treatment outcome. Based on the results of 

the paired t- test analysis at 5% significance interval, there is significant statistical 

reliable difference between the pre and post treatment values with p- value more 

than the 5 % significance level (i.e. >0.05) for most of the variables in the study 

and therefore it justifies the non improvements in health outcome post 

intervention. and only two value of peanut ball and ring showed significant 

difference from pre to post 8 weeks  with less than the 5% significance level 

((i.e.>0.05) and therefore it justifies the improvements in health outcome post 

intervention. 

 

Table 10: Repeated measures ANOVA for quest total scores and GAS scores, 

there is significant statistical reliable difference between the within group values 

with p- value less  than the 5 % significance level (i.e. 0.000>0.05) for both 

QUEST and GAS scores. there is non significant statistical reliable difference in 

the interaction between the time vs group factor group values with p- value more 

than the 5 % significance level (i.e. 0.000>0.05) for both QUEST (p – value= 

0.701) and GAS scores (p-value= 0.064) 
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Discussion 

The objective of the present study was to evaluate the therapeutic effectiveness 

of using Rehabilitation Manipulandam device included exercise program along 

with GRP in children with Neurodevelopmental disorders with moderate motor 

impairment of the UE on a total of 34 children between the age of 4- 10 years of 

age i.e. 48 to 120 months who were fulfilling the eligibility criteria were taken 

for the study. 

The hypothesis set for the study were the null hypothesis stating that there will 

no statistical significant effects in the outcome measures between intervention 

group and control group and an alternate hypothesis stating that there will be 

statistical significant effects in the outcome measures between intervention 

group and control group.  

Table 01 gives the analysis in the form of mean and standard deviation of the 

sample with respect to age, height, weight, BMI, gender, treated hand, GMFCS 

level and MACS level. 

There were two groups considered in our study, group 1 was intervention group 

and group 2 was the control group. Out of 34 participants enrolled in our study, 

there were 8 female participants and 9 male participants in both intervention and 

control group which was similar to previous study with male predominance. 

(Elnaggar et al, 2016). Our study was done on 34 participants, 7 participants 

were GMFCS level I, 18 participants were GMFCS level II, and 8 participants 

were GMFCS level III (Table 01). Previous studies suggest that GMFCS level I 

and II were more common than GMFCS level III. (K. Himmelmann et al, 2006) 
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Thus our study also shows distribution of GMFCS level II being higher than 

GMFCS level I and II in children with CP. 

 

Both the XG and CG groups showed significant improvements pre- to post-

intervention, but intervention group showed better improvement than control 

group with respect to higher mean values. Improvements in the PDMS-2 Grasp 

and VMI, QUEST and GAS scores observed in the XG group were significantly 

greater than that in the CG group. The CUE assessment tool performance 

measure showed mixed time* group interaction effects.    

           

Table 02 and Table 04: gives the within group comparison of both control and 

intervention group. The mean value for PDMS- grasping of control group for 

pre scores was 39.3(7.3) and post 8 weeks was 41.88(6.16), for intervention 

group pre value of mean was 45.71(5.2) and post 8 weeks was 48.06(4.1).  And 

mean values for PDMS- VMI of control group for pre scores was 87.18(19.3) 

and post 8 weeks was 90.29, for intervention group pre value of mean was 

115.76(19.4) and post 8 weeks was 120.12(18.9). The mean change of control 

group for grasping was 2.58 and for VMI was 3.11, for intervention group mean 

change of grasping was 2.35 and for VMI was 4.36. Similar findings were 

reported by a previous study which was to examine the 

 responsiveness and test- retest reliability of the PDMS-2 for children with CP. 

A sample of 32 children who had CP (age_27–64 months) and who received 

intervention participated in this study. A physical therapist gave the PDMS-2 to 
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each child three times: at the start of the research, one week later, and three 

months later. The reliability was evaluated using the agreement between the 

first two measurements. The responsiveness was evaluated using the variation 

between the first and third measurements.. Study reported the mean change of 

4.4 for fine motor components (Grasping and VMI both) and reported GRI- R 

value of 2.3. .( Wang et al, 2006).This study included children with age of 27- 

64 months and the duration was 3 months, as in our study the age was from 48- 

120 months (mean age- control-8.3, intervention – 7.18), hence the raw scores 

of PDMS- grasping and visuo- motor integration has been considered. This 

study does not correlate with our study as age group does not match. 

 

Similar findings were reported by a previous single case study done on a 4 year 

child with spastic cerebral palsy, who underwent 16 weeks of intervention 

program with individualized game assisted therapy. Child was assessed on 

outcome measures like PDMS- 2, QUEST and computerized assessment of a 

broad range of object manipulation tasks, which suggested improved results 

from pre to post intervention with 15% in grasping, 12.5 % in VMI and 22.96 % 

improvement in total average scores. (Parmar Sanjay et al, 2020). 

Similar study was done to see the immediate and long term effects of home 

based constraint induced movement therapy in children to improve upper 

extremity motor control, 45 children were included aged between 6- 12 years 

and was evaluated at baseline, 4 weeks and 3 months. The fine motor domains 
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of PDMS- 2 outcome suggested the mean change of 2.5 in grasping component 

from baseline to 4 weeks. (Chen et al, 2014).  

A study was done in children aged 6- 12 years with CP, to see the effect of 

therapist based CMIT at home on motor control performance and daily function 

for 4 weeks. Results reported the mean change value of 2.5 for PDMS- grasping 

and 3.6 for PDMS- VMI which was similar to our study results.(Chen et al, 

2012) 

 

 The studies which are conducted to improve the hand function in children with 

neurodevelopmental disorders, the average duration of treatment was 4 weeks to 

12 weeks, and it has improved from 0.84 to 6.09, our study also follows in the 

similar line where the improvement observed for grasping was 2.3 and VMI was 

3.11. 

A study was done to see the effectiveness of robot enhanced therapy for 

impaired upper extremities functions in hemiplegic children of age 9-12 years 

old, results suggested there was mean change in outcome measure PDMS- 

grasping of 11.57 change from pre to post treatment in the duration of 3 months. 

(D2) 

Another study which was similar to this was done to see if interactive hand 

rehabilitation experiences an improvement of upper limb function in hemiplegic 

children with age 6-12 years, results suggested that the mean change outcome 

measure PDMS- grasping from to post 4 months of intervention was 5.9 in the 

intervention group (D1). 
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A study was done to see the effectiveness of a low-cost virtual reality system for 

children with 

developmental delay: a preliminary randomized single-blind controlled trial in 

children aged 3- 5 years, intervention group received Two weekly sessions for 

10 weeks using Nintendo Wii SportsTM and Nintendo Wii FitTM, including 

balance, strength training and aerobics games. Results suggested that there was 

mean change of 7.16 in dimension D and 5.01 in Dimension E of outcome 

GMFM. (salem) 

Similar study was done to the effects of VR intervention in children with CP, 

aged 8-10 years, intervention group received the treatment of VR intervention 

for 8 weeks was evaluated on outcome measures like COPM-P, COPM-S, 

QUEST, results suggested that the mean change from pre to post 8 weeks in 

COPM- performace scale was 2.48, COPM- satisfaction scale was 2.69 and 

QUEST  total score change was 3.51 mean change score.(Campbell) 

 

Jannink et al, study done to see the effects of a low cost game applied for 

training of upper extremity function in children with cerebral palsy of mean of 

11 years for intervention group and 12 years for control group, intervention 

group received treatment VR intervention along with conventional therapy for 6 

weeks, results suggested the mean change from pre to post 6 weeks change in 

Melbourne assessment of unilateral upper limb function of 5.1 mean score 

change (jannink) 
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  A study done to see the role of exer- games in improving motor performance 

and functional independence of upper limb in spastic cp children of age 11- 15 

years, intervention group received the treatment of Baseline treatment was given 

for 20 minutes then different games were incorporated like Wii tennis ball (10 

minutes) Rest interval (5 minutes) and then in Dozo Quest (10 minutes) for 6 

weeks of intervention, results showed the mean change score of 15.86 on 

GMFM from pre to post 6 weeks in intervention group and  12.82 change in 

control group (Saghir et al) 

Studies mentioned above to improve hand function using Virtual reality based 

games like Nintendo – wii, Microsoft Kinect, 3D leap motion control, Mitii , 

Exer games etc, in children with nerurodevelopmental disorders , average 

duration of treatment was 3- 15 years, using various outcome measures to 

measure hand function like Jebson taylor test, Quality of upper extremity skills 

test, COPM- performance and satisfaction scale, PDMS- Grasping, GMFM 

dimensions etc, over the period of 6 weeks to 16 weeks, and it has improved 

from 2.48 to 15.86 over the period of 6 weeks to 16 weeks of time duration. 

 

The significant  improvements were observed in the fine motor tasks of the 

PDMS-2 (i.e. both Grasping and VMI) occurred even though these tasks were 

not practiced during the GRP intervention, for example tasks such as buttoning, 

unbuttoning, and drawing/coloring. In the present study, the GRP game tasks 

required goal-directed movements based on visual feedback of moving game 

objects. This is reflected by the substantial improvement in performance of the 
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visuomotor tasks of the PDMS-2. These types of training components are not 

often a focus of conventional therapy programs. 

In a study done in 1991, 73 children aged 18 months to 8 years, received 4 types 

of interventions such as intensive NDT plus cast, regular NDT with cast, 

Intensive NDT and regular NDT. They reported the change of score of 4.89 on 

QUEST outcome measure from baseline to 6 months and mean score change of 

4.10 from baseline to 9 months of intervention and follow up. (Mary Law et al, 

1991). In our study, the total change score of mean from baseline to 8 weeks 

(i.e. 2 months) was 3.55. It was 0.55 less compared to the previous study score 

as previous study was done for 6 months and our study was done for 8 weeks. 

A study was done to investigate the inter-rater reliability and measurement error 

of the Melbourne Assessment of Unilateral Upper Limb Function (Melbourne 

Assessment) and the Quality of Upper Extremity Skills Test (QUEST), and 

assessed the relationship between both scales in 21 children (15 females, 6 

males; mean age 6y 4mo, ranging from 5–8years) with hemiplegic CP. results 

reported total percentage change of 7.11% of total score of QUEST. (Klingels et 

al, 2008) 

 

Similar study was done in 18 children (6 per site) aged 3–6 yr with unilateral CP 

to check the effectiveness of CIMT. Inclusion criteria were all children who had 

central nervous system lesions clinically judged to have occurred before 1 mo of 

age. The study compared two dosage levels of CIMT: a 3 hr/day protocol and 

the previously tested 6 hr/day protocol. Trained assessors administered the 
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standardized measures within 1 wk before initiation of intervention and within 1 

wk, at 1 mo, and at 6-mo follow-up. Results showed that Children in both 

dosage groups showed significant improvement across time after receiving 

intervention, the Time · Group effect was not significant for any of the 

measures, indicating that a similar effect was achieved by both intervention 

groups. Results suggested that after3 hr/ day the mean change from pre to post 6 

months follow up for grasping was 1.63 and Dissociated movements was 4.52, 

and for 6hr/day the mean change from pre to post 6 month for grasping was 

1.72, and for Dissociated movements was 3.1 (Case- Smith et al, 2012) In our 

study the mean change of QUEST for control group for grasping was 2.35 and 

for Dissociated movements was 6.77. 

In previous study the treatment given was only CMIT in two different duration 

intervals, but in our study various other conventional treatment was also given 

along with CIMT, this explains larger values in both grasps and dissociated 

movements in our study when compared to the previous study.  

Similar study was done on 17 children with mean age group of 6.08(1.77) for 

treatment group and 4.88(1.15) for control group to see the effects of virtual 

reality based rehabilitation on upper extremity function in children with cerebral 

palsy. Clinical outcomes were determined using the Quality of Upper Extremity 

Skills Test (QUEST) and Pediatric Evaluation of Disability Inventory (PEDI), 

which was administered before and 8 weeks after the first intervention session. 

SG group received VR-based rehabilitation for 20 min combined with COT for 

10 min per treatment session, whereas the COT group received only COT for 30 
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min per treatment session. Results concluded that mean change from pre to post 

8 weeks for Dissociated movements was 0.58, grasps was 2.86 Weight bearing 

was 0.57, protective extension was 0.57 

(Chang et al, 2020) 

 

Another study similar to the previous study which was conducted to report the 

use of modified CIMT to improve upper limb function in children with 

hemiplegic cerebral palsy. Total number of 31 children was included in the 

study aged 3- 8years. The primary outcome measure was difference in “change 

in mean total QUEST scores” at 4 weeks and 12 weeks of intervention between 

the intervention and the control arm. Results interpreted the change of mean 

scores in all four domains of QUEST after 4 weeks of intervention was, 

dissociated movements change of mean score was 1.8, grasps was 1.5, weight 

bearing was 2.1 and protective extension was 0.1.(Anita Choudhary et al, 2012). 

Which were lesser values compared to our study, as the duration of the 

treatment for previous mentioned study was only 4 weeks and our study was for 

8 weeks. 

Similar study was done to see the effect of Wii based interactive video games as 

a supplement to conventional therapy for rehabilitation of children with cerebral 

palsy with age 5- 20 years, children in control group received conventional 

therapy alone, while those who are in intervention played Wii games for a total 

of 18 sessions of 45 min each, over a period of 3 weeks. Results suggested that 

the mean score change value from pre to post 3 weeks of control for QUEST – 
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Grasping was 2.9, QUEST-dissociated movements was 0.36, and total score 

change was 1.62, and for intervention group was QUEST- grasping was 5.53, 

QUEST- dissociated movements was 2.46, and total score change was 3.52, 

which was significantly higher than control group with respect to mean values 

(Sajan et al., 2017) 

Table 02 and Table 04: gives the within group comparison of both 

control and intervention group for GAS values. In control group the baseline 

value for GAS was 30.00 and after post 8 weeks the value was 34.12, with mean 

change value of 4.1 and for intervention groups the baseline value was 30.00 

and after 8 weeks the values was changed to 37.65 with mean change of 8.1.  

In our study, 20/ 34 participants showed significant improvement in 20/34 goals 

set from baseline to post intervention, control group showed significant value of 

p – value >0.05 with the value of 0.014, and intervention group showed 

significant value of p – value >0.05 with the value of 0.000 respectively. Thus it 

was similar to a study done to determine the possibility of using GAS to 

measure effect of BTX-A treatment in 11 children with cerebral palsy aged 3 to 

12 years (mean 5.0 years). GAS was evaluated at baseline and post treatment 

with standardized videotapes, results suggested that 9/11 participants showed 

significant improvement in 18/33 goals, testing at group and individual levels 

resulted in significant improvement of p-value<0.001 with the value of 0.005. 

(Steenbeek et al, 2004). 

Similar study was done to see the effect of rehabilitation specific gaming 

software platform to achieve individual physiotherapy goals in children with 



DISCUSSION 
 

 Page 153 
 

severe spastic cerebral palsy in children with age from 6-15 years, the 

intervention group received regular PT and gaming and control group received 

regular PT for 12 weeks of time duration. Results suggested the mean change 

from pre to post 12 weeks for intervention group was 8.5 and control group was 

2.1. In our study the mean change from pre to 8 weeks for intervention group 

was 7.65, and control group was 4.12.  When compared both study values, 

intervention group mean change from pre to post was greater in the other study 

than in our study, this may be due to the duration of intervention, as that study 

duration was 12 weeks and our study was only 8 weeks. (Decavele et al, 2020) 

 

Table 03 and Table 04: gives the within group comparison of game 

values of success rate, response time and movement error. Significant changes 

from pre to post 8 weeks within groups were observed more in intervention 

group than in control group in all the 5 variables i.e. simulator, ring, cone, 

medicine ball, peanut ball. 

Table 07: shows the between group comparison of both intervention and 

control group. significant changes (p-value= >0.05) were observed more in 

intervention group than in control group, and intervention group was better than 

control group with respect to higher mean values. 

 

Improvements in success rate and movement errors for all 5 object 

manipulation tasks were also significantly greater in the XG group compared to 
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the CG group.. However there was not so significant, improvements pre-post 

intervention in movement response time both XG and CG group. 

 

The present findings are consistent with previous studies that demonstrate high 

repetition and task- specific training are effective in promoting recovery of UE 

function. One main feature of the game-assisted exercise program was to 

increase the number of repetitions. Typically, each game was played for 5-7 

minutes and minimum of two – three games were performed by the child which 

included games of both horizontal axis and vertical axis and the total duration of 

games played per session was about 25 to 30 min. For most games, the game 

targets appear at random locations and move in unpredictable trajectories or 

directions, this would represent variable practice. In addition, visual feedback of 

the game paddle was used to initiate and guide the movement responses; the 

child views the game events and not the object being manipulated.  

Several gaming platforms have been employed as therapeutic tools. These 

include professional gaming consoles like the Wii  and Kinect , the Leaps 3D 

depth camera , and glove-mounted sensors. These video game consoles can 

track finger or arm movements. The corresponding segment motion signals can 

be utilised to move a game paddle or interact with virtual avatars and items. 

These systems do have several drawbacks, though, most notably the fact that 

they don't focus on managing and manipulating objects. As a result, there is no 

sensorimotor processing of tactile sensory data from the skin relating the 

stability and slide of moving objects. Exercise treatment was employed in this 
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trial to help the children's manual dexterity, object handling, and hand-eye 

coordination. 

Rehabilitation manipulandam device is easy-to-use and equipped with smart 

monitoring and also assistive technologies to engage rehabilitation-based 

computer interactions. As it consists of a variety of interchangeable 3D printed 

“therapy” handles of different shapes and sizes can easily be attached to the 

RMD drive shaft. The handles are designed to practice a broad range of Manual 

dexterity skills involving thumb, fingers, elbow, shoulders and wrist. Handle 

movements were used to play many inexpensive, common, fun and modern 

computer games that required different movement amplitudes, speeds, 

precisions and cognitive enhancements of the patient. Along with RMD, GRP 

provided interactive and engaging computer game-assisted practice of a broad 

range of tasks that need to be performed by the UE in daily life. Intervention 

started with limited and small amounts of voluntary movement and then allows 

opportunities for an appropriate switch to games having more demanding 

movement requirements or functional demands. The five main handles used in 

this intervention mainly concentrated on important joint movements of upper 

extremity such shoulder flexion and extension, wrist flexion and extension, 

radio-ulnar joint supination and pronation , radial and ulnar deviation etc, these 

movements are required to perform every day activities for the child and also 

maintain functional capacity of the child. 

Not only do the types of handles used in manipulation of a task have 

specific therapeutic value, but so does the choice of computer game. Different 
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commercial video games require different levels of movement amplitude, 

speeds, accuracy, repetition as well as appeal to individual preferences. 

Updating and progressing the games and difficulty levels regularly to maintain 

the level of difficulty and providing a new set of games to play is an important 

aspect of maintaining interest and participation of the children. There are a large 

number of inexpensive and readily available common and modern commercial 

games that are engaging and that can be played with RMD. Initially, children 

having severe impairments could only play games that involved slow 

movements and low precision (i.e. easy games, level 1, large paddle size and 

large game target objects). On the other hand, children with moderate to mild 

impairment could play a larger variety of games with increased movement 

speeds, precision levels, and added cognitive content.  

In the above mentioned studies, the conventional group total changes have 

occurred when the patient were treated from mean age group of 4- 12 years 

from 4-16 weeks reported the mean score changes in PDMS- grasping of 

minimum change of 0.45 to maximum of 15.0 and in VMI the minimum change 

was 3.6 to maximum change of 12.5. In QUEST, the conventional group  total 

changes have occurred when the patient were treated from mean age group of 3 

years to 8 years from 3 weeks to 6 months reported the mean score changes of 

minimum 0.1 to maximum 7.1.  And for GAS, the conventional group total 

changes have occurred when the patient were treated from mean age group of 3 

years to 15 years from 12 to 14 weeks of intervention reported the mean 

changes of total score of control group was 2.1 when treated with conventional 
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therapy. In our study the changes of PDMS- grasping was 3.35 and for PDMS- 

VMI was 3.11, QUEST was 3.5 for total score and for GAS the mean score 

change was 4.12 from pre to 8 weeks of intervention in the age group of 4- 10 

years.  In a study done to see the effectiveness of neurodevelopmental therapy 

and upper extremity inhibitive casting for children with cerebral palsy, the 

MCID value for CP children was 4.89 score units, when compared with our 

study total value for QUEST mean change was 3.79 for intervention group, this 

was less compared to previous study, this may be due to number of duration of 

the study, Law et al study was done for 6 months and our study was done for 8 

weeks. The reason for the change from our study with previous mentioned study 

was less number of duration, the number of sessions completed was 20 sessions 

of therapy and the mean age was 4- 10 years.  

For the intervention group total changes have occurred when the patient were 

treated from mean age group of 6- 12 years from 4 weeks to 4 months of 

intervention reported the mean changes  in PDMS- grasping of minimum 

change of 2.5 to maximum of 14.2  and in VMI the minimum change was 3.6, 

In QUEST, the intervention group  total changes have occurred when the patient 

were treated from mean age group of 3 years to 8 years from 3 weeks to 6 

months reported the mean score changes of minimum 0.57 to maximum of 10.8.  

And for GAS, the conventional group total changes have occurred when the 

patient were treated from mean age group of 3 years to 15 years from 12 to 14 

weeks of intervention reported the mean changes of total score of control group 

was 8.5 when treated with conventional therapy. In our study the changes of 
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PDMS- grasping was 2.35 and for PDMS- VMI was 4.36, QUEST was 3.79 for 

total score and for GAS the mean score change was 8.2 from pre to 8 weeks of 

intervention in the age group of 4- 10 years.  

In comparison to both the groups, intervention group showed significant 

improvement in 28 outcomes out of 40 outcomes, and control group showed 

significant improvement in 19 outcomes out of 40 outcomes, thus intervention 

group improved better than control group.  

Previous studies done using virtual reality and games for treatment of upper 

extremity in children with cerebral palsy have also reported that intervention 

group who received VR based intervention have showed better improvement 

than control group in respective outcome measures used. (Elshafey et al, 2015, 

Elnaggar et al, 2016, Salem et al, 2012, Jannink et al, 2008, Sajan et al, 2016) 
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LIMITATIONS: 

 

 One limitation of this study is that it requires Rehabilitation Manipulandam 

Device and an inertial-based computer mouse, a computer, and a source of 

common/modern computer games.  

 The long-term effects of RMD training on manual dexterity in children with CP 

will need to be confirmed in larger sample size and adequately powered studies. 

 Another limitation is that the IB mouse detects angular motion; therefore, it is 

not possible to practice tasks that require only linear motion. 
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FUTURE SCOPE OF THE STUDY: 

 

 Further studies can also be conducted to observe the combined effect of RMD 

and traditional physiotherapy treatment for improving hand function in children 

with NDD 

 Multicenter Randomized control trials may be conducted to evaluate the 

effectiveness of this Rehabilitation Manipulandam Device along with computer 

game based rehabilitation platform in children with Neurodevelopmental 

disorders 

 The interventions may be prolonged for more weeks to evaluate its clinical 

effectiveness in future research programs. 
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CONCLUSION 

 

This study demonstrates the utility of the game based rehabilitation with 

commercially available games to exercise a broad range of hand manipulation 

tasks using Rehabilitation Manipulandam Device targeting major components 

of upper extremity like shoulder flexion and extension, radio- ulanr joint 

supination and pronation, wrist flexion and extension, wrist radial and ulnar 

deviation in children with neurodevelopmental disorders. Clinical meaningful 

changes in manual dexterity were observed with both the groups. These changes 

were larger in the group receiving RMD with GRP intervention as compared to 

conventional task-specific therapy. These findings and the theoretical evidence 

direct the next phase of a multicenter –RCT and future research programs. 
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SUMMARY 

This study was conducted to evaluate the effectiveness of Rehabilitation 

Manipulandam device on improving hand function in children with 

neurodevelopmental disorders. Total of 34 children were allocated out of which 

17 participants were allotted in control group and 17 children in intervention 

group randomly. Age group was 4- 10 years with diagnosed cases of NDD 

having upper extremity problems and referred by pediatrician both males and 

females were randomly allocated into two groups and assessed after obtaining 

consent from parents. The protocol for conventional group included CIMT, 

HABIT, hand activities, stretching etc whereas intervention group was trained 

for using Rehabilitation Mnipulandam device for playing various commercially 

available games in game based rehabilitation platform using various handles 

which can be embedded for various hand function required to play the game. 

The children were assessed for hand function on the basis of outcome measures 

like PDMS- 2, QUEST , GAS and NFE software data. 

Statistical analysis was done using SPSS version 25.00. There was a statistical 

significant difference found within the group 1 with p- value 0.000 and 0.019 

for PDMS- grasping and VMI, 0.000 for both QUEST and GAS, whereas there 

was no statistical significance found in group 2 for PDMS- VMI component, but 

showed significant changes in PDMS- grasping, QUEST  and GAS were 

observed. Between the groups, statistical significance were found in post values 

of PDMS- grasping and VMI, QUEST ,GAS and in game data scores for 
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intervention group and intervention group was better than control with respect 

to higher mean values. Thus in this feasibility RCT study we observed that 

intervention group with RMD performed better than control group. Further 

multi-centered RCT s can be conducted to see the effectiveness of RMD with 

CGR on children with NDD. 
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ANNEXURE 1 

DEMOGRAPHIC DATA 

Page 1: Personal Information 

 

 

Date of Assessment: Assessment 

number: 

 

 

Name of the participant: Age: 

 

 

Diagnosis: 

 

 

Name of the Parent/ Guardian: 

 

 

Address: 
 

Phone No: 

 

 

Participant Code (Initials): Group: 

 

 

Page 2: Assessment Sheet: 
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Ashworth scale grading for spasticity of UL: 
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Computer game assisted upper extremity assessment tool (CUE) scores: 
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Treatment Sheet 
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Goal attainment scaling (GAS) score: 
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ANNEXURE 2 

PDMS-2 
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ANNEXURE 3 

QUALITY PF UPPER EXTREMITY SKILLS TEST 
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ANNEXURE 4 

GOAL ATTAINMENT SCALING 
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ANNEXURE 5 

CONSENT FORM 

Title of the study: Effectiveness of Rehabilitation Manipulandum Device for 

improving hand functioning in children with neurodevelopment disorders – a 

feasibility randomized control trial. 

 

I, Mr. /Mrs. ____________________________on behalf of my minor child 

_______________________, exercise my free power of choice and hereby give my 

consent to include my child in the above mentioned study and to publish the data thus 

obtained. The details of the study have been provided to me in writing and explained to 

me in my own language. I confirm that I have understood about the details of the above 

study. I understand that my child’s participation in the study is voluntary and I am free to 

withdraw my child at any time without giving any reasons. I have also been assured 

about the confidentiality of the information provided by me. I agree that only the 

investigators will have access to my child’s identity and to information that can 

associated with his/her identity. In the event of publication of this research, no personally 

identifying information will be disclosed. 

 

SIGN _________________ 

NAME OF THE PARTICIPANT:_______________________ 

SON / DAUGHTER OF: __________________________ 

POSTAL ADDRESS: ____________________________ 

______________________________________________ 

This is to certify that following consent has been taken in my presence. 

Witness: __________________                                                  Date: ______________ 

Sign: ____________________                                                    Place: ______________ 

 



ANNEXURE 
 

 Page 179 
 

 

 

ANNEXURE 6 

PATIENT INFORMATION SHEET 

Dear parents/guardian, 

We welcome and thank you for permitting your child for participation in the 

study. Before your child participates in this study it is important for you to know why this 

study is carried out. This form will explain the nature, the purpose, the benefits, the risks, 

the discomforts, the precautions and the information how the study is carried out. This 

form contains certain scientific terms and hence, if you have any doubts or if you want 

more information, you are free to ask or contact the study personnel before you give your 

consent. 

 

 

Title of the Study:  Effectiveness of Rehabilitation Manipulandum Device for 

improving hand functioning in children with neurodevelopment disorders – a 

feasibility randomized control trial. 
 

 

Department and institute- 

SDM College of Physiotherapy, Sattur, Dharwad. 

 

Name of the investigator- MRUDULA K.P 

 

Purpose of this study- The study in which your child will be participating is designed to 

examine the effectiveness and usefulness of rehabilitation manipulandum device (RMD) 

for improving the hand functioning in children with Neurodevelopment delay. We have 

developed a Computer game-aided rehabilitation platform for young children who have 

difficulty in doing repetitive task practice due to deficits in hand functioning due to 

neurodevelopment disorders. 
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This is based on an interactive exercise and educational computer gaming system. It uses 

computer games that: (a) makes therapy and practice fun (b) helps increase the intensity 

and volume of practice and (c) helps increase focus and attention during the training and 

learning process. 

 The purpose of this study is to evaluate the effectiveness and usefulness of this tool 

rehabilitation manipulandum device along with education computer gaming system with 

children aged 4-10years diagnosed with Neurodevelopment disorder. 

Selection procedure of participants:  

All the participants who are diagnosed with Neurodevelopment Disorder and who are 

registered in the outpatient department of Pediatric Physiotherapy at S.D.M. Hospital, 

Dharwad. 

 

 INCLUSION CRITERIA: 

 

1. Children with confirmed medical diagnosis of Neurodevelopment disorder by the                  

Medical practitioner or pediatrician. 

2. Age group – 4-10 years of children with either gender. 

3. Modified Ashworth scale used to determine the level of spasticity in biceps 

brachialis, 

Pronators and finger flexors from grade 1 to 1+ 

4. Mini mental scale examination for cognition- >10 

5. Parents willing to participate 

  

 EXCLUSION CRITERIA: 

 

1. Visual or auditory impairment such that they cannot see and interact with the 

computer; 

2. Secondary orthopedic complications due to neurodevelopment disorder(NDD) 

like fixed deformities of upper extremities  

3. Recent Botulinum toxin therapy (less than 6 months); 

4. Recent Surgical intervention of upper extremity  

5. Moderate or severe spasticity i.e. a Modified Ashworth score of grade 2 and 

higher 

6. Cognitive impairment 

7. Non willing parents, 
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8. Seizures(uncontrolled) 

 

Procedure to be followed:     

If your child takes part in this study he/she will be randomly selected to be in either 

one of the 2 groups. We intend to recruit 17 participants in the treatment and 17 in the 

control group. Children assigned to the treatment group will be asked to play 4-5 

interactive educational computer games using RMD for 45 minutes each session, 3 

days a week, for a total of 8 weeks. We will bring a standard laptop computer and 

selected children’s computer games. An assistant will be present to guide each child as 

he/she plays the computer games. The control group will receive conventional 

physiotherapy. 

Time duration of the procedure- Each therapy session will take 45-60 minutes per 

session. Frequency will be three times per week for 8 weeks. 

Benefit to volunteer- There may be no effect/benefits to your son/daughter secondary 

to the therapy and no financial benefit if he/she participates in the game-aided 

rehabilitation study. We expect the hand function improvement due to the intervention 

provided to your child.  

Statement of confidentiality- Your child’s participation in this research is 

confidential. Only the investigators will have access to your child’s identity and to 

information that can be associated with his/her identity. In the event of publication of 

this research, no personally identifying information will be disclosed  

Compensation- There is no compensation, financial or otherwise, for participating in 

this study. 

Injury clause- There is no chance of any injury resulting from this study. The 

previous studies reviewed related to this study reported no risk however utmost 

precautions will be taken by the therapist to prevent any injuries during investigation. 

We do not expect any risk in this study. If incase any risk occurs it will be treated with 

medical advise. 

Right to ask question- You may ask any questions about the study procedures and the 

questions will be answered. Further questions should be directed to Mrudula K.P 

(mrudulakp171@gmail.com You may also contact the office of the department of 

physiotherapy, Manjushree Nagar, Sattur, Dharwad (0836-2462253). 

 

 

mailto:mrudulakp171@gmail.com
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For any study related queries you are free to contact: 

Name of contact person with official address 

MRUDULA K P 

SDM College of Physiotherapy, 

Manjushree Nagar, Sattur. 

Dharwad- 580009 

Karnataka, India 

Mobile No.  

Email: mrudulakp171@gmail.com 

PLACE-____________________ 

SIGNATURE OF INVESTIGATOR- ____________________ 

DATE- _______________ 

SIGNATURE OF PARENT- _______________________ 

 

 

 

 

 

 

 

 

 

mailto:mrudulakp171@gmail.com
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ANNEXURE 7 

         

ಅಧ್ಯ ಯನದ ಶೀರ್ಷಿಕೆ: ಪುನರ್ಿಸತಿ ಮಣಿಪುಲಾಂಡಮನ  ಸಾಧ್ನದ ಪರಿಣಾಮಕಾರಿತ್ವ ವು ನ್ಯಯ ರೀ 

ಡೆರ್ಲಪ್ಮ ಾಂಟ್ ಡಿಸಾಡಿರ್ಸಿ ಹಾಂದಿರುರ್ ಮಕ್ಕ ಳಲಿ್ಲ  ಕೈ ಕಾಯಿರ್ನ್ನನ  ಸುಧಾರಿಸಲು ಸಾಧ್ನ - 

ಕಾಯಿಸಾಧ್ಯ ತೆ randomized  ನಿಯಂತ್ರ ಣ ಪರ ಯೀಗ. 
 

ನಾನ್ನ, ಶರ ೀ / ಶರ ೀಮತಿ. ____________________________ ನನನ  ಅಪ್ರರ ಪತ  ಮಗುವಿನ ಪರವಾಗಿ _______________________, ನನನ  

ಆಯ್ಕಕ ಯ ಉಚಿತ್ ಶಕ್ತತ ಯನ್ನನ  ಚಲಯಿಸಿ ಮತ್ತತ  ನನನ  ಮಗುರ್ನ್ನನ  ಮೇಲೆ ತಿಳಿಸಿದ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಸೇರಿಸಲು ಮತ್ತತ  ಹೀಗೆ ಪಡೆದ 

ಡೇಟಾರ್ನ್ನನ  ಪರ ಕ್ಟಿಸಲು ನನನ  ಒಪಿ್ಪ ಗೆಯನ್ನನ  ನಿೀಡಿ. ಅಧ್ಯ ಯನದ ವಿರ್ರಗಳನ್ನನ  ನನಗೆ ಲ್ಲಖಿತ್ವಾಗಿ ಒದಗಿಸಲಗಿದೆ ಮತ್ತತ  ನನನ  

ಸವ ಾಂತ್ ಭಾಷೆಯಲಿ್ಲ  ನನಗೆ ವಿರ್ರಿಸಲಗಿದೆ. ಮೇಲ್ಲನ ಅಧ್ಯ ಯನದ ವಿರ್ರಗಳ ಬಗೆೆ  ನಾನ್ನ ಅರ್ಿಮಾಡಿಕಾಂಡಿದೆದ ೀನೆ ಎಾಂದು ನಾನ್ನ 

ಖಚಿತ್ಪಡಿಸುತೆತ ೀನೆ. ನನನ  ಮಗುವಿನ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗರ್ಹಸುವುದು ಸವ ಯಂಪ್ರ ೀರಿತ್ವಾಗಿದೆ ಎಾಂದು ನಾನ್ನ 

ಅರ್ಿಮಾಡಿಕಾಂಡಿದೆದ ೀನೆ ಮತ್ತತ  ಯಾವುದೇ ಕಾರಣಗಳನ್ನನ  ನಿೀಡದೆ ನನನ  ಮಗುರ್ನ್ನನ  ಯಾವುದೇ ಸಮಯದಲಿ್ಲ  

ಹಾಂತೆಗೆದುಕಳಳ ಲು ನಾನ್ನ ಮುಕ್ತ ನಾಗಿರುತೆತ ೀನೆ. ನಾನ್ನ ಒದಗಿಸಿದ ಮಾಹತಿಯ ಗೌಪಯ ತೆಯ ಬಗೆೆ ಯೂ ನನಗೆ ಭರರ್ಸೆ ನಿೀಡಲಗಿದೆ. 

ನನನ  ಮಗುವಿನ ಗುರುತಿಗೆ ಮತ್ತತ  ಅರ್ನ / ಅರ್ಳ ಗುರುತಿನಾಂದಿಗೆ ಸಂಯೀಜಿಸಬಹುದಾದ ಮಾಹತಿಗೆ ತ್ನಿಖಾಧಿಕಾರಿಗಳಿಗೆ ಮಾತ್ರ  

ಪರ ವೇಶವಿರುತ್ತ ದೆ ಎಾಂದು ನಾನ್ನ ಒಪಿು ತೆತ ೀನೆ. ಈ ಸಂಶೀಧ್ನೆಯ ಪರ ಕ್ಟಣೆಯ ಸಂದಭಿದಲಿ್ಲ , ವೈಯಕ್ತತ ಕ್ವಾಗಿ ಗುರುತಿಸುರ್ 

ಯಾವುದೇ ಮಾಹತಿಯನ್ನನ  ಬಹರಂಗಪಡಿಸುವುದಿಲಿ . 

 

 

SIGN _________________ 

ಪ್ರಲೆ್ಗಳ್ಳಳ ರ್ರ್ರ ಹೆಸರು: _______________________ 

ಮಗ / ದಿನ: __________________________ 

ಅಾಂಚೆ ವಿಳಾಸ: ____________________________ 

______________________________________________ 

 

 

ನನನ  ಸಮುಮ ಖದಲಿ್ಲ  ಈ ಕೆಳಗಿನ ಒಪಿ್ಪ ಗೆಯನ್ನನ  ತೆಗೆದುಕಳಳ ಲಗಿದೆ ಎಾಂದು ಪರ ಮಾಣಿೀಕ್ರಿಸಲು ಇದು. 

ಸಾಕಿ್ತ : __________________ ದಿನಾಾಂಕ್: ______________ 

ಚಿಹೆನ : ____________________ ಸಥ ಳ: ______________ 

SIGN _________________ 
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ANNEXURE 8 

   /                

ಅಧ್ಯ ಯನದ ಶೀರ್ಷಿಕೆ: ಪುನರ್ಿಸತಿ ಮಣಿಪುಲಾಂಡಮನ  ಸಾಧ್ನದ ಪರಿಣಾಮಕಾರಿತ್ವ ವು 

ನ್ಯಯ ರೀ ಡೆರ್ಲಪ್ಮ ಾಂಟಲ್ ಡಿಸಾಡಿರ್ಸಿ ಹಾಂದಿರುರ್ ಮಕ್ಕ ಳಲಿ್ಲ  ಕೈ ಕಾಯಿರ್ನ್ನನ  

ಸುಧಾರಿಸಲು ಸಾಧ್ನ - ಒಾಂದು ಕಾಯಿಸಾಧ್ಯ ತೆ randomized ನಿಯಂತ್ರ ಣ ಪರ ಯೀಗ. 
 

 

ಇಲಾಖೆ ಮತ್ತು ಸಂಸ್ಥೆ- 

ಎಸ್ ಡಿಎಂ ಕಾಲೇಜ್ ಆಫ್ ಫಿಸಿಯೇಥೆರಪಿ, ಸತ್ತುರತ, ಧಾರವಾಡ. 

 

ತ್ನಿಖಾಧಿಕಾರಿಯ ಹೆಸರತ- ಮೃದತಲಾ ಕೆ.ಪಿ. 

 

ಈ ಅಧ್ಯ ಯನದ ಉದೆದ ೀಶ - ನ್ಯಯ ರೀ ಡೆರ್ಲಪ್ಮ ಾಂಟಲ್ ವಿಳಂಬದ ಮಕ್ಕ ಳಲಿ್ಲ  ಕೈಗಳ ಕಾಯಿರ್ನ್ನನ  

ಸುಧಾರಿಸಲು ಪುನರ್ಿಸತಿ ಮೈನಿಪುಲಾಂಡಮ್ ಸಾಧ್ನದ(ಆರ್ ಎಾಂಡಿ)ಪರಿಣಾಮಕಾರಿತ್ವ  ಮತ್ತತ  

ಉಪಯುಕ್ತ ತೆಯನ್ನನ  ಪರಿೀಕಿ್ತ ಸಲು ನಿಮಮ  ಮಗು ಭಾಗರ್ಹಸುರ್ ಅಧ್ಯ ಯನರ್ನ್ನನ  ವಿನಾಯ ಸಗೊಳಿಸಲಗಿದೆ. 

ನ್ಯಯ ರೀ ಡೆರ್ಲಪ್ಮ ಾಂಟಲ್ ಅಸವ ಸಥ ತೆಗಳಿಾಂದಾಗಿ ಕೈಯ ಕಾಯಿಚಟುರ್ಟಿಕೆಯ ಕರತೆಯಿಾಂದಾಗಿ 

ಪುನರಾರ್ತಿಿತ್ ಕಾಯಿ ಅಭಾಯ ಸ ಮಾಡಲು ಕ್ಷ್ಟ ಪಡುರ್ ಚಿಕ್ಕ  ಮಕ್ಕ ಳಿಗೆ ನಾವು ಕಂಪ್ಯಯ ಟರ್ ಗೇಮ್-

ನೆರವಿನ ಪುನರ್ಿಸತಿ ವೇದಿಕೆಯನ್ನನ  ಅಭಿವೃದಿಿ ಪಡಿಸಿದೆದ ೀವೆ. 

ಇದತ ಸಂವಾದಾತ್ಮಕ ವಾಾಯಾಮ ಮತ್ತು ಶೈಕ್ಷಣಿಕ ಕಂಪ್ಯಾಟರ್ ಗೇಮಂಗ್ ವ್ಾವ್ಸ್ಥೆಯನ್ತು ಆಧರಿಸಿದೆ. ಇದತ 

ಕಂಪ್ಯಾಟರ್ ಆಟಗಳನ್ತು ಬಳಸತತ್ುದೆ: (ಎ) ಚಿಕಿತ್ಸೆಯನ್ತು ಮಾಡಿ ಮತ್ತು ವಿನತೇದವ್ನ್ತು ಅಭ್ಾಾಸ ಮಾಡಿ 

(ಬಿ) ಅಭ್ಾಾಸದ ತೇವ್ರತ್ಸ ಮತ್ತು ಪ್ರಿಮಾಣವ್ನ್ತು ಹೆಚಿಿಸಲತ ಸಹಾಯ ಮಾಡತತ್ುದೆ ಮತ್ತು (ಸಿ) ತ್ರಬೇತ 

ಮತ್ತು ಕಲಿಕೆಯ ಪ್ರಕಿರಯೆಯಲಿಿ ಗಮನ್ ಮತ್ತು ಗಮನ್ವ್ನ್ತು ಹೆಚಿಿಸಲತ ಸಹಾಯ ಮಾಡತತ್ುದೆ. 

 ನ್ತಾರತೇ ಡೆವ್ಲಪ್ಮಂಟಲ್ ಡಿಸಾಡಡರ್ ಎಂದತ ಗತರತತಸಲಪಟಟ 4-10 ವ್ರ್ಡ ವ್ಯಸಿೆನ್ ಮಕಕಳತಂದಿಗ ಈ 

ಹೆತಸ ಸಾಧನ್ ಪ್ುನ್ವ್ಡಸತ ಮಣಿಪ್ುಲಾಂಡಮ್ ಸಾಧನ್ ಮತ್ತು ಶಿಕ್ಷಣ ಕಂಪ್ಯಾಟರ್ ಗೇಮಂಗ್ ವ್ಾವ್ಸ್ಥೆಯ 

ಪ್ರಿಣಾಮಕಾರಿತ್ವ ಮತ್ತು ಉಪ್ಯತಕುತ್ಸಯನ್ತು ಮೌಲಾಮಾಪ್ನ್ ಮಾಡತವ್ುದತ ಈ ಅಧಾಯನ್ದ ಉದೆದೇಶವಾಗಿದೆ. 

 

 

ಭ್ಾಗವ್ಹಿಸತವ್ವ್ರ ಆಯೆಕ ವಿಧಾನ್: 
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ನ್ತಾರತೇ ಡೆವ್ಲಪ್ಮಂಟಲ್ ಡಿಸಾಡಡರ್ ಎಂದತ ಗತರತತಸಲಪಟಟ ಎಲಾಿ ಭ್ಾಗವ್ಹಿಸತವ್ವ್ರತ ಮತ್ತು 

ಎಸ್.ಡಿ.ಎಂ.ನ್ಲಿಿ ಮಕಕಳ ಭ್ೌತ್ಚಿಕಿತ್ಸೆಯ ಹೆತರರತೇಗಿ ವಿಭ್ಾಗದಲಿಿ ನತೇಂದಾಯಿಸಲಾಗಿದೆ. ಆಸಪತ್ಸರ 

ಧಾರವಾಡ. 

 

 

ಸೇಪಿಡೆ ಮಾನದಂಡಗಳ್ಳ: 

 

1. ನ್ಯಯ ರೀ ಡೆರ್ಲಪ್ಮ ಾಂಟ್ ಡಿಸಾಡಿರ್ ಹಾಂದಿರುರ್ ಮಕ್ಕ ಳ್ಳ ವೈದಯ ಕ್ತೀಯ ವೈದಯ ರು ಅರ್ವಾ ಮಕ್ಕ ಳ ವೈದಯ ರಿಾಂದ  
      ದೃ. ಪ್ಡಿಸಿದ ಮಕಕಳತ.   

2. ವ್ಯಸಿೆನ್ ಗತಂಪ್ು - ಎರಡತ ಲಿಂಗ ಹೆತಂದಿರತವ್ ಮಕಕಳ 4-10 ವ್ರ್ಡಗಳತ. 

3. ಬೈಸೆಪ್್ಸ ಸಿಾ ಸಿಟ ಕ್ ಮಟಟ ರ್ನ್ನನ  ನಿಧ್ಿರಿಸಲು ಮಾಪಿಡಿಸಿದ ಆಶವ ರ್ತಿ ಸೆಕ ೀಲ್ ಅನ್ನನ  

ಬಳಸಲಯಿತ್ತ 

    ಗರೇಡಿಯಲ್ 1 ರಿಂದ 1+ ವ್ರಗ ಬ್ಾರಚಿಯಾಲಿಸ್, ಪ್ರಟೇಟಸ್ಡ ಮತ್ತು ಫಿಂಗರ್ ಫ್ಲಿಕೆರ್ ಗಳತ 

4. ಮಿನಿ ಮಾನಸಿಕ್ ಸೆಕ ೀಲ್ ಪರಿೀಕಿೆ -> 10  

5. ಭಾಗರ್ಹಸಲು ಸಿದಿ ರಿರುರ್ ಪೀಷ್ಕ್ರು 

 

 

ಹರಗಿಡುವಿಕೆ ಮಾನದಂಡಗಳ್ಳ: 
 

1. ಕಂಪ್ಯಾಟರ್ ಅನ್ತು ನತೇಡಲತ ಮತ್ತು ಸಂವ್ಹನ್ ಮಾಡಲತ ಸಾಧಾವಾಗದಂತ್ಹ ದೃಷ್ಟಟ ಅಥವಾ 

ಶರವ್ಣೇಂದಿರಯ ದತಬಡಲತ್ಸ; 

2. ಮೇಲಿನ್ ತ್ತದಿಗಳ ಸಿೆರ ವಿರತಪ್ಗಳಂತ್ಹ ನ್ತಾರತೇ ಡೆವ್ಲಪ್ಮಂಟಲ್ ಡಿಸಾಡಡರ್ (ಎನ್ ಡಿಡಿ) ಯಿಂದ 

ದಿವತೇಯಕ ಮತಳಚಿಕಿತ್ಸೆಯ ತ್ಸತಂದರಗಳತ 

3. ಇತುೇಚಿನ್ ಬತಟತಲಿನ್ಮ್ ಟಾಕಿೆನ್ ಥೆರಪಿ (6 ತಂಗಳಿಗಿಂತ್ ಕಡಿಮ); 

4. ಮೇಲಾಾಗದ ಇತುೇಚಿನ್ ಶಸರಚಿಕಿತ್ಸೆಯ ಹಸುಕ್ಷೇಪ್ 

5. ಮಧಾಮ ಅಥವಾ ತೇವ್ರವಾದ ಸಾಪಸಿಟಕ್ ಅಂದರ. ಗರೇಡ್ 2 ಮತ್ತು ಹೆಚಿಿನ್ ಮಾಪ್ಡಡಿಸಿದ ಆಶವರ್ತಡ 

ಸ್ಥತಕೇರ್ 
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6. ಅರಿವಿನ್ ದತಬಡಲತ್ಸ 

7. ಸಿದಧರಿಲಿದ ಪ್ಯೇರ್ಕರತ, 

8. ರತೇಗಗರಸುವಾಗತವಿಕೆಗಳತ (ಅನಿಯಂತರತ್) 

 

ಅನ್ತಸರಿಸಬೇಕಾದ ಕಾಯಡವಿಧಾನ್: 

ನಿಮಮ ಮಗತ ಈ ಅಧಾಯನ್ದಲಿಿ ಪಾಲತಗಂಡರ ಅವ್ನ್ತ / ಅವ್ಳತ  randomly 2 ಗತಂಪ್ುಗಳಲಿಿ 

ಒಂದಾಗಲತ ಆಯೆಕಯಾಗತತ್ಾುರ. ಚಿಕಿತ್ಸೆಯಲಿಿ 17 ಮತ್ತು ನಿಯಂತ್ರಣ ಗತಂಪಿನ್ಲಿಿ 17 ಭ್ಾಗವ್ಹಿಸತವ್ವ್ರನ್ತು 

ನೇಮಕ ಮಾಡಲತ ನಾವ್ು ಉದೆದೇಶಿಸಿದೆದೇವೆ. ಚಿಕಿತ್ಸೆಯ ಗತಂಪಿಗ ನಿಯೇಜಿಸಲಾದ ಮಕಕಳನ್ತು ಪ್ರತ ಸ್ಥರ್ನ್ ನ್ಲಿಿ 

45 ನಿಮರ್ಗಳತ, ವಾರದಲಿಿ 3 ದಿನ್ಗಳತ, ಒಟತಟ 8 ವಾರಗಳವ್ರಗ 4-5 ಸಂವಾದಾತ್ಮಕ ಶೈಕ್ಷಣಿಕ 

ಕಂಪ್ಯಾಟರ್ ಆಟಗಳನ್ತು ಆಡಲತ ಕೆೇಳಲಾಗತತ್ುದೆ. ನಾವ್ು ಪ್ರಮಾಣಿತ್ ಲಾಾಪ್ ಟಾಪ್ ಕಂಪ್ಯಾಟರ್ ಮತ್ತು ಆಯದ 

ಕಂಪ್ಯಾಟರ್ ಗಳ ಕಂಪ್ಯಾಟರ್ ಆಟಗಳನ್ತು ತ್ರತತ್ಸುೇವೆ. ಪ್ರತ ಮಗತವಿಗ ಅವ್ನ್ತ / ಅವ್ಳತ ಕಂಪ್ಯಾಟರ್ 

ಆಟಗಳನ್ತು ಆಡತವಾಗ ಮಾಗಡದಶಡನ್ ಮಾಡಲತ ಸಹಾಯಕನ್ತ ಹಾಜರಿರತತ್ಾುನ. ನಿಯಂತ್ರ ಣ ಗುಾಂಪು ನಿಯಮಿತ್ 

ಭೌತ್ಚಿಕ್ತತ್ೆ ಯನ್ನನ  ಸಿವ ೀಕ್ರಿಸುತ್ತ ದೆ 

 

 

  

ಕಾಯಡವಿಧಾನ್ದ ಸಮಯದ ಅವ್ಧಿ - ಪ್ರತ ಚಿಕಿತ್ಸೆಯ ಅಧಿವೆೇಶನ್ವ್ು ಪ್ರತ ಸ್ಥರ್ನ್ ಗ 45-60 ನಿಮರ್ಗಳನ್ತು 

ತ್ಸಗದತಕೆತಳತುತ್ುದೆ. ಆವ್ತ್ಡನ್ವ್ು 8 ವಾರಗಳವ್ರಗ ವಾರಕೆಕ ಮತರತ ಬ್ಾರಿ ಇರತತ್ುದೆ. 

 

ಸವ ಯಂಸೇರ್ಕ್ರಿಗೆ ಲಭ- ನಿಮಮ  ಮಗ / ಮಗಳಿಗೆ ಚಿಕ್ತತ್ೆ ಯ ದಿವ ತಿೀಯಕ್ ಯಾವುದೇ ಪರಿಣಾಮ / 

ಪರ ಯೀಜನಗಳಿಲಿದಿರಬಹುದು ಮತ್ತತ  ಅರ್ನ್ನ / ಅರ್ಳ್ಳ ಆಟದ ನೆರವಿನ ಪುನರ್ಿಸತಿ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗರ್ಹಸಿದರೆ 

ಹಣಕಾಸಿನ ಲಭವಿಲಿ . ನಿಮಮ  ಮಗುವಿಗೆ ಒದಗಿಸಿದ ಹಸತ ಕಿೆೀಪದಿಾಂದಾಗಿ ನಾವು ಕೈ ಕಾಯಿವು ಸುಧಾರಿಸುತ್ತ ದೆ ಎಾಂದು 

ನಿರಿೀಕಿ್ತ ಸುತೆತ ೀವೆ. 

 

ಗೌಪ್ಾತ್ಸಯ ಹೆೇಳಿಕೆ- ಈ ಸಂಶತೇಧನಯಲಿಿ ನಿಮಮ ಮಗತವಿನ್ ಭ್ಾಗವ್ಹಿಸತವಿಕೆ ಗೌಪ್ಾವಾಗಿರತತ್ುದೆ. ನಿಮಮ 

ಮಗತವಿನ್ ಗತರತತಗ ಮತ್ತು ಅವ್ನ್ / ಅವ್ಳ ಗತರತತನತಂದಿಗ ಸಂಯೇಜಿಸಬಹತದಾದ ಮಾಹಿತಗ 

ತ್ನಿಖಾಧಿಕಾರಿಗಳಿಗ ಮಾತ್ರ ಪ್ರವೆೇಶವಿರತತ್ುದೆ. ಈ ಸಂಶತೇಧನಯ ಪ್ರಕಟಣಯ ಸಂದರ್ಡದಲಿಿ, ವೆೈಯಕಿುಕವಾಗಿ 

ಗತರತತಸತವ್ ಯಾವ್ುದೆೇ ಮಾಹಿತಯನ್ತು ಬಹಿರಂಗಪ್ಡಿಸತವ್ುದಿಲಿ. 

 

 

ಪ್ರಿಹಾರ- ಈ ಅಧಾಯನ್ದಲಿಿ ಭ್ಾಗವ್ಹಿಸಲತ ಯಾವ್ುದೆೇ ಪ್ರಿಹಾರ, ಹಣಕಾಸತ ಅಥವಾ ಇಲಿ. 
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ಗಾಯದ ರ್ರತ್ತು- ಈ ಅಧಾಯನ್ದ ಪ್ರಿಣಾಮವಾಗಿ ಯಾವ್ುದೆೇ ಗಾಯಕೆಕ ಅವ್ಕಾಶವಿಲಿ. ಈ ಅಧಾಯನ್ಕೆಕ 

ಸಂಬಂಧಿಸಿದ ಹಿಂದಿನ್ ಅಧಾಯನ್ಗಳತ ಯಾವ್ುದೆೇ ಅಪಾಯವ್ನ್ತು ವ್ರದಿ ಮಾಡಿಲಿ, ಆದರ ತ್ನಿಖೆಯ ಸಮಯದಲಿಿ 

ಯಾವ್ುದೆೇ ಗಾಯಗಳನ್ತು ತ್ಡೆಗಟಟಲತ ಚಿಕಿತ್ೆಕರಿಂದ ಹೆಚಿಿನ್ ಮತನುಚ್ಿರಿಕೆಗಳನ್ತು ತ್ಸಗದತಕೆತಳುಲಾಗತತ್ುದೆ. ಈ 

ಅಧಾಯನ್ದಲಿಿ ನಾವ್ು ಯಾವ್ುದೆೇ ಅಪಾಯವ್ನ್ತು ನಿರಿೇಕ್ಷಿಸತವ್ುದಿಲಿ. ಯಾವ್ುದೆೇ ಅಪಾಯ ಸಂರ್ವಿಸಿದಲಿಿ 

ಅದನ್ತು ವೆೈದಾಕಿೇಯ ಸಲಹೆಯಂದಿಗ ಚಿಕಿತ್ಸೆ ನಿೇಡಲಾಗತತ್ುದೆ. 

 

ಪ್ರಶುಗಳನ್ತು ಕೆೇಳತವ್ ಹಕತಕ - ನಿೇವ್ು ಅಧಾಯನ್ ಕಾಯಡವಿಧಾನ್ಗಳ ಬಗಗ ಯಾವ್ುದೆೇ ಪ್ರಶುಗಳನ್ತು 

ಕೆೇಳಬಹತದತ ಮತ್ತು ಪ್ರಶುಗಳಿಗ ಉತ್ುರಿಸಲಾಗತವ್ುದತ. ಹೆಚಿಿನ್ ಪ್ರಶುಗಳನ್ತು ಮೃದತಲಾ ಕೆ.ಪಿ 

(mrudulakp171@gmail.com)  ಗ ನಿದೆೇಡಶಿಸಬೇಕತ. ಭ್ೌತ್ಚಿಕಿತ್ಸೆಯ ವಿಭ್ಾಗ, ಮಂಜತಶಿರೇ ನ್ಗರ, ಸತ್ತುರತ, 

ಧಾರವಾಡ, ಕಚೇರಿಯನ್ತು ಸಹ ನಿೇವ್ು ಸಂಪ್ಕಿಡಸಬಹತದತ. 

 

ಯಾವ್ುದೆೇ ಅಧಾಯನ್ ಸಂಬಂಧಿತ್ ಪ್ರಶುಗಳಿಗ ನಿೇವ್ು ಸಂಪ್ಕಿಡಸಲತ ಮತಕುರಾಗಿದಿದೇರಿ: 

ಅಧಿಕೃತ್ ವಿಳಾಸ ಹೆತಂದಿರತವ್ ಸಂಪ್ಕಡ ವ್ಾಕಿುಯ ಹೆಸರತ: 

ಮೃದತಲಾ ಕೆ.ಪಿ. 

ಎಸ್ ಡಿಎಂ ಕಾಲೇಜ್ ಆಫ್ ಫಿಸಿಯೇಥೆರಪಿ, 

ಮಂಜತಶಿರೇ ನ್ಗರ, ಸತ್ತುರತ. 

ಧಾರವಾಡ- 580009 

ಕನಾಡಟಕ, ಭ್ಾರತ್ 

ಮೊಬೈಲ್ ನ್ಂ. 9686914117 

ಇಮೇಲ್: mrudulakp171@gmail.com 

ಸೆಳ -____________________ 

ಇನವಸಿಟಗೇಟರ್ ಸಿಗುೇಚ್ರ್- ____________________ 

ದಿನಾಂಕ- _______________ 

ಪ್ಯೇರ್ಕರ ಸಹಿ- _______________________ 
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ANNEXURE 8  
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ANNEXURE 9  

ETHICAL CERTIFICATE 
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ANNEXURE 10 

GUIDE CERTIFICATE 

 

 

 



ANNEXURE 
 

 Page 192 
 

ANNEXURE 11 

PHOTOGRAPHS OF MATERIALS USED 
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ASSESSMENT PHOTOGRAPHS 
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METHODOLOGY PHOTOGRAPHS 
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COMMERCIALLY AVAILABLE BIG FISH GAMES 

 

 

 

 

BIRDS TOWN AQUA BALL 

ACTION BALL 2 

FEEDING FENZY BRAVE PIGLET 
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ANNEXURE-12  

CTRI NUMBER: 

 

The study is registered on Clinical Trials Registry India (CTRI) with number- 

CTRI/2021/07/034903. 
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ANNEXURE 13 
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