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ABSTRACT 

TITLE: “EFFECTIVENESS OF COMPUTER GAME - AIDED 

REHABILITATION VERSUS CONVENTIONAL PHYSIOTHERAPY 

TREATMENT FOR BALANCE IN CHILDREN WITH 

NEURODEVELOPMENTAL DISORDERS – AN EXPLORATORY 

RANDOMIZED CONTROL TRIAL” 

BACKGROUND AND OBJECTIVES: When children with balance issues are 

prescribed rehabilitation regimens that include repetitive task practice (RTP), 

adherence is generally low since the exercises are monotonous and uninteresting to 

them, making it difficult to maintain motivation in severe RTP in order to meet long-

term rehabilitation goals. If these children with physical and mental problems are to 

have good long-term outcomes, the training must be flexible, motivating, engaging 

and progressive. The objective of this study was to examine the feasibility of 

computer game based rehabilitation and to study the comparative effect of 

conventional physiotherapy treatment on balance in children with NDDs. 

METHODS: A total of 30 children with NDD between the age group of 5 to 12 years 

of either gender were randomly allotted in the two groups out of which 22 participants 

underwent the intervention for 8 weeks and were statistically analyzed at baseline and 

post 8 weeks. The outcome measures used were GMFM, PBBS, FSA pressure 

mapping data and NFE software data. Group 1 received the CGR protocol and group 

2 received the conventional treatment. 

RESULTS: Findings demonstrated significant improvements in post treatment 

balance performance scores for PBBS (p=0.01) and pressure mat data (p= 0.023, 

0.016, 0.011, 0.001) in group 1 and change scores were significantly greater in group 
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1 when compared with within group scores of group 2. No significant treatment effect 

was observed in between groups for GMFM, PBBS, pressure mat data and NFE data. 

INTERPRETATION AND CONCLUSION: This feasibility study shows that 

dynamic balance exercises on fixed and compliant surfaces were feasibly coupled to 

interactive game-based exercise. In comparison to a regular exercise programme, this 

interaction resulted in a larger improvement in dynamic standing balance control.  

KEYWORDS: Balance, neurodevelopmental disorders, Computer game based 

rehabilitation. 
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INTRODUCTION 

The term "development" refers to the change that occurs in children from infancy through 

adulthood. Development is viewed as a dynamic process with patterns and rates of change that are 

both continuous and discontinuous. As a result, normal child development happens on a spectrum, 

ranging from children who lag behind their peers in terms of physical, cognitive, social-emotional, 

and behavioral development to children who are precocious, achieving or exceeding 

developmental goals before most children their age. Infancy (ages zero to two), toddlerhood and 

preschool years (ages two to five), childhood (ages six to eleven), and adolescence (ages twelve to 

seventeen) are the stages of child development (ages 11 to 18) 1, 2 

Neurodevelopment is defined as the dynamic inter-relationship between genetic, brain, cognitive, 

emotional and behavioral processes across the developmental lifespan. Neurodevelopmental 

diseases and disabilities can result from significant and persistent disturbance of this dynamic 

process due to environmental and genetic risk.3 According to DSM 5, neurodevelopmental 

disorders are a group of conditions with onset in the developmental period. The diseases are 

defined by developmental defects that cause impairments in personal, social, intellectual, or 

occupational functioning. They often manifest early in development, often before the child enters 

primary school.4       

A neurodevelopmental delay is the outcome of aberrant central nervous system development, 

which can occur at any time throughout pregnancy, during early childhood, and up to the age of 

five. Atypical neurodevelopment can affect one or more aspects of functioning (for example, 

language) (e.g., motor, language, and cognitive).5      

 

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

disorders (11.3/1000) than for mental disorder studies (3.2/1000).6 
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All-site-pooled estimates for NDDs were 9.2% and 13.6% in children of 2- 6 years and 6–9 year 

age categories, respectively, without significant difference according to gender, rural/urban 

residence, or religion.7  

Neurodevelopmental diseases can be progressive or non-progressive. Mucopolysaccharide,8 Rett 

syndrome, 9 and tuberous sclerosis10 are examples of progressive NDD, in which the child’s 

condition deteriorates as the child develops. Non-progressive NDD is where the growth of the 

child does not have a significant role in the disordered status, e.g. Cerebral palsy11  Down’s 

syndrome or trisomy 21 is  also recognized as the most common cause of developmental 

disability. 12 ADHD is also one among the neurodevelopmental disorders with the presence of 

impulsive and hyperactive behaviors13 Children with CP have more difficulty recovering balance 

efficiently when exposed to a balance threat. Children with cerebral palsy (CP) have difficulty 

walking and using objects. Poor balance control is one element leading to their gait and reaching 

movement issues, as maintaining stability is essential for all motions.14 

Balance: “Balance is a complex process involving the reception and integration of sensory inputa 

and the planning and execution of movement to achieve a goal requiring upright posture.15 The act 

of maintaining, achieving or restoring a state of balance during any posture or activity is called as 

postural control.16 The coordination of visual, vestibular, and somatosensory information is 

required to maintain balance.17 Postural control is the ability to maintain the body’s center-of-

gravity over the base of support during quiet standing and movement. Sensory and motor systems, 

such as the basal ganglia and cerebellum, as well as perceptual systems that interpret and change 

incoming sensory information, all affect postural control. As a result, the vestibular, visual, and 

somatosensory systems may offer reduced or inaccurate data to the postural control centers as they 

age.18  
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Neurophysiology of balance: 

SENSORY SYSTEMS IN POSTURAL CONTROL 

To manage the body's posture in space, effective postural control necessitates more 

than the ability to create and apply forces. The CNS needs an accurate image of 

where the body is in space and whether it is fixed or moving in order to know when 

and how to apply restorative forces. The CNS must arrange information from 

sensory receptors all over the body, including the ocular, somatosensory 

(proprioceptive, cutaneous, and joint receptors), and vestibular systems, to 

accomplish this. 19  

Sensory Inputs for Steady-State Balance: 

Visual Contributions: Visual inputs offer information on the location and motion of 

the head in relation to surrounding objects, as well as a reference for verticality, 

since many things in our environment, such as windows and doors, are vertically 

aligned. Furthermore, the visual system records head motion because when you 

move your head forward, surrounding things move in the opposite direction. 

Although some data suggests that a peripheral (or vast visual field) stimulus is more 

significant for controlling posture, visual inputs comprise both peripheral and foveal 

information. 19  

Contributions of the Somatosensory System: The somatosensory system provides 

the CNS with information about the body's location and motion in relation to 
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supporting surfaces. In addition, sensorial impulses from all around the body 

provide information about the relationships between body segments. Somatosensory 

receptors offer information about the body's location and movement in relation to a 

horizontal surface when you're standing on a hard, flat surface. It is not acceptable 

to create a vertical orientation with reference to the surface if you are standing on a 

surface that is moving relative to you (e.g., a boat) or if the surface is not horizontal 

(e.g., a ramp), as it is not a stable reference. In these situations, somatosensory 

inputs reporting the position of the body relative to the support surface are not 

helpful. 19  

Contributions from the vestibular system: The vestibular system provides a wealth 

of information for steady-state postural regulation. The vestibular system offers a 

gravitoinertial frame of reference for postural regulation by delivering information 

to the CNS about the position and movement of the head in relation to gravity and 

inertial forces. Vestibular impulses alone are insufficient to give the CNS a 

complete picture of how the body moves in space. Using vestibular signals alone, 

the CNS cannot tell the difference between a simple head nod (movement of the 

head relative to a stable trunk) and a forward bend (movement of the head in 

conjunction with a moving trunk). 19  

Sensory Inputs for Reactive Balance: 

Visual Contributions: When using change-in-support strategies to regain stability, 

visual cues are quite significant. Visual information about the environment (e.g., 
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clear space to step or the presence of handholds for support) is a significant 

predictor of whether these strategies can be applied in this circumstance. Visual 

information is gathered as soon as a person enters an environment in order to create 

a map of environmental affordances; it is not gathered after a disturbance to balance 

has occurred. 19  

Somatosensory Inputs: Somatosensory inputs appear to play a significant role in 

reactive postural control, particularly in reaction to surface perturbations. 

Somatosensory responses to support-surface translations appear to be substantially 

faster than those elicited by the optical or vestibular systems; researchers have 

speculated that the nervous system preferentially uses somatosensory inputs to 

control body sway when the support surface is rapidly displaced. 19  

Vestibular Contributions: Dietz and colleagues' experiments (Dietz et al., 1991, 

1994; Horak et al., 1994) show that the vestibular system makes a significantly 

lesser contribution than somatosensory inputs. In these experiments, the onset 

latency and amplitude of muscle responses were compared for two different types of 

perturbations of stance: (a) the support surface was moved forward or backward, 

stimulating somatosensory inputs, and (b) a forward or backward displacement of a 

load (2 kg) attached to the head was applied, stimulating the vestibular system (the 

response was absent in patients with vestibular deficits). For comparable 

accelerations, muscle responses to vestibular signals were about 10 times smaller 

than the somatosensory evoked responses induced by the displacement of the feet. 
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This suggests that vestibular inputs may play only a minor role in recovery of 

postural control when the support surface is displaced horizontally. 

Following an unexpected perturbation, all three sensory inputs contribute to the 

restoration of stability. Many factors, including the processing speed within each 

sensory system, appear to affect the relative contribution of individual senses. 

Because of their quick processing speed, early postural reactions to brief horizontal 

stance perturbations may rely primarily on somatosensory signals. Vision and 

vestibular inputs, which digest information at a slower rate, do, however, play a role 

in early reactions, albeit to a smaller extent. 19  

Sensory Strategies for Proactive Balance:  

Visual inputs are crucial for postural control because they provide crucial 

information about the task and environment, which influences the nature of the 

anticipatory postural modifications required to maintain stability. Visual information 

regarding an object to be lifted, impacts the nature of anticipatory postural 

adjustments required to stabilize the body before and throughout the lifting process. 

19  

Neural Subsystems Controlling Postural Orientation And Stability: 

Spinal Contributions: Animals with intact versus transected spinal cords were 

studied in order to determine spinal contributions to postural control (spinal 

preparation). Tonic activation of extensor muscles for weight support was 
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discovered to be a contribution of the spinal cord to the orientation component of 

postural control. At the spinal cord level, there were also directionally specific 

responses to disturbances. Evidence reveals that while reactive postural control is 

present in animal spinal preparations, responses are significantly decreased in the 

absence of supraspinal drive, implying that they are not functional. 19  

Brainstem Contributions: Research on brainstem nuclei has shown that these centers 

are active in the regulation of postural tone and automatic postural synergies and 

include important nuclei for processing vestibular inputs to postural control. For 

example, the brainstem has important centers for controlling the facilitation (through 

raphespinal and cerulospinal tracts) and inhibition of muscle tone (the 

pedunculopontine tegmental nucleus in the mesopontine tegmentum and the 

reticulospinal tract) important for the control of posture. The brainstem is also 

important in the regulation of anticipatory postural control. 19 

Basal Ganglia and Cerebellar Contributions: 

The cerebellum is known to control postural response adaptation, or the ability to 

change the amplitudes of postural muscle responses in response to changing 

environmental and task conditions. Patients with cerebellar abnormalities, for 

example, are unable to modify their responses to shifting perturbation amplitudes. 

The basal ganglia are involved in the control of postural set—that is, the ability to 

quickly change reactive balance muscle patterns in response to changing task and 
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environmental conditions (e.g., sitting vs. fixed-support or change-in support 

strategies). 

Finally, when all systems are functioning properly, the individual demonstrates 

flexible postural control and is able to achieve the goals of stability and orientation 

in any situation. 19  

Motor Milestones and Emerging Postural Control: 

Tonic attitudinal reflexes, which include (a) the asymmetric tonic neck reflex 

(ATNR), (b) the symmetric tonic neck reflex (STNR), and (c) the tonic labyrinthine 

reflex (TLR), induce persistent changes in body posture as a response of a shift in 

head position, according to the reflex theory of postural regulation. The ATNR 

produces extension in the face arm and flexion in the skull arm when the head is 

turned. The STNR results in flexion in the upper extremities and extension in the 

lower extremities when the head is flexed; however, when the head is extended, the 

upper extremities extend while the lower extremities flex. 19 

The combination of five righting reactions creates orientation of the head in space 

and orientation of the body in regard to the head and ground, according to a 

reflex/hierarchical paradigm. Automatic reflexes that allow a person to return to 

their usual standing position and retain stability when changing positions are known 

as righting reactions. 19  
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Three righting reactions orient the head in space and include (a) the optical righting 

reaction, which contributes to the reflex orientation of the head using visual inputs; 

(b) the labyrinthine righting reaction, which orients the head to an upright vertical 

position in response to vestibular signals and (c) the body-on-head righting reaction, 

which orients the head in response to proprioceptive and tactile signals from the 

body in contact with a supporting surface. The Landau reaction combines the effects 

of all three head-righting reactions. Two reflexes interact to keep the body oriented 

with respect to the head and the surface. The neck-on-body righting reaction orients 

the body in response to cervical afferents, which report changes in the position of 

the head and neck. The body-on-body righting reaction, keeps the body oriented 

with respect to the ground, regardless of the position of the head. 

Balance and Protective Responses-Balance is associated with a sequentially ordered 

chain of equilibrium reactions, according to the reflex/hierarchical theory, including 

the tilting reactions, used for controlling the center of gravity in response to a tilting 

surface; the parachute, or protective, responses, which protect the body from injury 

during a fall; and the staggering reactions (sideways stepping), a response to 

instability in the lateral direction. 19  
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ASSESSMENT OF BALANCE  

Importance of assessment of balance- 

For a variety of reasons, evaluating a balance disorder is crucial. It helps 

With clinical diagnosis and treatment efficacy evaluation. The methods  for 

determining standing balance and understanding the postural control system have 

changed through time. Early research looked at irregularities in postural sway as a 

sign of balance problems, and later research moved on to more extensive laboratory 

testing of reactions under various settings. Balance can be assessed at both a 

physiological and functional level due to the intricacy of the postural control system. 

The physiological level includes measuring the contributions of sensory, motor and 

effector component. The functional components can be more directly assessed by 

functional performance tests of reach and mobility. 20   

Subjective assessment: 

Equilibrium reactions are thought to exist in two formats. First, as feedback 

responses, equilibrium reactions are movements to “right” the body when the centre 

of mass has been displaced or when alignment of the body midline with mass is 

altered. Second, using equilibrium reactions as feedback control, an infant adjusts 

posture to align the body’s centre of mass in anticipation of weight shift and the 

disturbance to the body’s midline it may cause. Equilibrium reactions may be tested 

by placing the infant on an unstable surface such as tilting board or by passively 

tilting the infant to displace the body’s center of mass (feedback response) or the 

practitioner may observe for an infant’s equilibrium responses as part of weight shift 
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and transition that occur during the course of normal play activities (feed forward 

control). 21   

Timed Up and Down Stairs Test: - 

The Timed Up and Down Stairs (TUDS) is created as a functional mobility 

outcome measure that could indicate gains in the musculoskeletal and 

neuromuscular systems that help children control their posture. The participant 

is instructed to stand 30 cm from the bottom of a 14-step set of stairs for the 

TUDS. “Quickly, but safely go up the stairs, turn around on the top step 

(landing) and come all the way down until both feet land on the bottom step 

(landing)” are the instructions used. The subjects are allowed to choose any 

method of traversing the stairs. This included using a step-to or foot over foot 

pattern, running up the stairs, skipping steps, or any other variation. All 

subjects faced in the direction of the movement (faced up and down stairs, not 

to the side) as they traversed the steps. The subjects are given the cues “ready” 

and “go.” The TUDS score is the time in seconds from the “go” cue until the 

second foot returned to the bottom landing. Shorter times indicated better 

functional ability. Reliability: The TUDS demonstrated excellent interrater, 

interrater, and test–retest reliability [ICC (2.1) ≥0.94]22 Functional Reach Test 

Functional Reach Test (FRT) is a clinical outcome measure and assessment 

tool for ascertaining dynamic balance in one simple task. In standing, measures 

the distance between the lengths of an outstretched arm in a maximal forward 

reach, while maintaining a fixed base of support. This information is correlated 
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with risk of falling. Measurement A number of factors exert a major influence 

on this evaluation: research revealed that the movement strategy and a reduced 

spinal flexibility, both affect the reach distance. Method of use: The patient is 

instructed to stand next to, but not touching, a wall and position the arm that is 

closer to the wall at 90 degrees of shoulder flexion with a closed fist. The 

assessor records the starting position at the 3rd metacarpal head on the 

yardstick. Instruct the patient to “Reach as far as you can forward without 

taking a step.” The location of the 3rd metacarpal is recorded. Scores are 

determined by assessing the difference between the start and end position is the 

reach distance, usually measured in inches. Three trials are done and the 

average of the last two is noted. Reliability: The ordinal level tests (supported 

sitting and standing balance and static tandem standing tests) showed 100% 

agreement in all aspects of reliability. Intra-class correlations for the other tests 

ranged from 0.93 to 0.99. All the tests showed significant correlations with the 

appropriate comparator tests (r=0.32 -0.74 p≤0.05) Test-retest reliability r = 

0.89, Inter-rater agreement on reach measurement = 0.98 23  

Validity: Eagle et al. found out the following: 

Sensitivity = 76%, Accuracy = 46%, Specificity = 34% 

 

 

 

 

https://www.physio-pedia.com/Falls
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Four Square Test:- 

The Four Square Step Test (FSST) is used to assess dynamic stability and the 

ability of the subject to step over low objects forward, sideways, and 

backward.24 

 

Method of use: - Test Description: 

The subject must step over four canes lined up in a cross arrangement on the 

ground in order. The subject stands in Square 1 facing Square 2 at the 

commencement of the examination. The goal is to walk into each square as 

quickly as can with both feet in the following order: Square 2, 3, 4, 1, 4, 3, 2, 1. 

(clockwise to counter clock wise). Test procedure may be demonstrated; one 

practice trial is allowed prior to administering the test. 

The better time (in seconds) is taken as the score once two trials are 

completed. The timer begins when the first foot touches the ground in 

Square 2 and ends when the last foot returns to the ground in Square 1. 

Instructions:"Aim to finish the sequence as quickly and safely as possible 

without touching the sticks." In each square, both feet must make contact 

with the floor. Face forward for the duration of the sequence if at all 

possible. The trial is repeated if the subject fails to complete the sequence 

successfully, loses balance, Makes contact with the cane. Subjects who are 

unable to look forward for the duration of the sequence are allowed to turn 
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before entering the next square and are timed accordingly. Any assistive 

equipment that was used during the exam is indicated. The administration 

process takes less than five minutes. 

 

 

 Evidence: - The FSST could be a useful and accurate instrument for 

assessing dynamic balance and the risk of falling. It has been proven to have 

substantial correlates with other balance and mobility measures, as well as 

high reliability in a variety of populations. 24 This test had Excellent test-

retest reliability (ICC = 0.98), Excellent inter-rater reliability (ICC = 0.99) 
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The timed ‘Up & Go’ test (TUG): 

The timed ‘Up & Go’ test (TUG) is a test of basic or functional mobility in adults 

which has rarely been used in children. Functional mobility was defined for this 

study as an individual’s ability to maneuver his or her body capably and 

independently to accomplish everyday tasks. TUG is potentially useful as a 

screening test, an outcome measure in intervention studies for young people with 

disabilities, a measure of disability, and as a measure of change in functional 

mobility over time. The timed ‘Up & Go’ test (TUG; Podsiadlo and Richardson 

1991) is a quick and practical test that has been used widely in clinical practice as 

an outcome measure to assess basic or functional ambulatory mobility, or 

dynamic balance in adults.25 MODIFICATIONS TO STANDARD TUG TEST 

Pilot studies of children without disabilities (aged 3 to 6y), and an 8-year-old child 

with CP (spastic diplegia) indicated that modifications to the standard TUG test, as 

described by Podsiadlo and Richardson (1991), were required for the test to be 

used in children. These were as follows. 

(1)A concrete task was used in that children were asked to touch a target on a wall, 

compared to the more abstract instructions of the standard TUG. Abstract 

instructions have been shown to limit performance in children with CP 

(2) Instructions were repeated during the test. A seat with a backrest but without 

arms was selected from the children’s environment. The seat height was 

acceptable if the child’s knee angle was 90˚ (SD 10) flexion with feet flat on the 

floor.  
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(3) Children were allowed to behave spontaneously, so no qualitative instructions 

(e.g. ‘walk as fast as you can’) were given to ensure a naturalistic performance for 

ecological validity (Bronfenbrenner 1977). 

(4) Timing was started as the child left the seat, rather than on the instruction ‘go’, 

and stopped as the child’s bottom touched the seat, in order to measure movement 

time only. 25 

The Posture and Postural Ability Scale: 

Postural Ability Scale developed by Pauline Pope in the early 1990s, is the  only 

clinical assessment tool designed to assess ‘quality’ and ‘quantity’ of posture 

separately, in the four basic body positions: supine, prone, sitting and standing. 

‘Quality’ of posture, relates to the shape of the body, that is, the particular 

alignment of body segments in relation to each other and to the supporting 

surface.26 ‘Quantity’ refers to postural ability, that is, the ability to stabilize the 

body segments relative to each other and to the supporting surface. The PPAS is 

designed to assess postural control and asymmetries in people with severe 

disabilities in four basic body positions; supine and prone lying, sitting and 

standing. Quality of posture is rated for position of head, trunk, pelvis, legs, arms 

and weight distribution in the frontal plane, and the sagittal plane. Symmetry and 

alignment scores 1 point for each item, while asymmetry or deviation from 

midline scores 0 points.



INTRODUCTION 
 

 Page 17 
 

The total score varying from 0–6 points for each position in the frontal and the 

sagittal plane is calculated separately. Quantity is rated on an ordinal scale, 

where postural ability ranges from ‘unplaceable in an aligned posture’ (level 1), 

to ‘placeable in an aligned posture but needs support’ (level 2), ‘able to 

maintain position when placed but cannot move’ (level 3), ‘able to initiate 

flexion/extension of trunk’ (level 4), ‘able to transfer weight laterally and regain 

posture’ (level 5), ‘able to move out of position’ (level 6) and the highest level 

of ability ‘able to move into and out of position’ (level 7). 

Reliability: The PPAS showed excellent inter-rater reliability for three 

independent raters with weighted. There was a good internal consistency 

(alpha=0.95–0.96; item–total correlation=0.55–0.91), and an excellent inter-

rater reliability (kappa score=0.77–0.99)27 

The clinical Test of sensory interaction for balance (CTSIB) 

CTSIB was first introduced by shumway-Cook and Horak as a clinical 

procedure to assess the influence of sensory interaction on balance based on the 

principles proposed by Nashner. The student must maintain standing balance 

under six sensory circumstances in order to pass the CTSIB. To provide a 

comparable effect to the adjustable visual surround and moveable platform, the 

CTSIB uses a visual conflict dome and compliant foam. Shumway Cook and 

Horak proposed putting the patients through six circumstances, similar to those 

used in formal platform testing, and watching their motor responses. They gave 

the following ideas for specific measurements: 1. Subjective assessment of 
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sway based on a numeric ranking system. 2. Use stopwatch to record the time 

the patient maintains erect standing in each condition. 3. Use of grids and 

plumb line to record body displacement. 28 

 

 

 

The Berg Balance Scale: 

It's a functional balance test designed to assess equilibrium in neurologically 

compromised people in a therapeutic setting. BBS focuses on a performance 

rather than an underlying balance deficit. It takes about 15 to 20 minutes to 

administer with little training and minimum equipment. It has the potential to be 

employed in children. Berg stated that “the scale may well apply to any 

population with balance impairment, regardless of age”. Unlike other children's 
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balance tests, the BBS focuses on function and examines a wide range of 

functional abilities. These characteristics of BBS make it a suitable tool for use 

in the paediatric population. 29   

The modification to the berg balance scale was made to address the 

development levels of children in the cognitive and physical domains. For 

example: the height of the bench used in the tests must be appropriate to allow 

sitting with feet on the floor and hips and knees maintained at 90 degrees of 

flexion. A consideration of the cognitive level of children is noted in the 

instruction for the task of sitting and standing, where the child is asked to hold 

arms up and stand up. As a result, PBS is a simple clinical technique for 

evaluating steady state and anticipatory balance skills in children with 

neurological impairments. Testing of the Pediatric Berg Balance (PBS) reveals 

very high test retest and inter-rater reliability for children 5 to 15 years of age 

with mild to moderate motor impairments. The PBS may therefore provide 

clinicians with an additional, reliable means of assessing a child’s balance. The 

PBS also provides professionals with a standardized exam administration and 

scoring process. Clinical observations validate the PBS's content (face) validity, 

as the activities contained therein are routinely completed by children 

throughout the day and are frequently reviewed by pediatric physical therapists 

as part of their assessment.30  
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Gross Motor Function Measure (GMFM-66) 

The Gross Motor Function Measure (GMFM-66) is used to assess children with 

neurodevelopmental disorders that are between the ages of 0 to 18 years, which 

assess gross mobility of children. It is composed of 5 domains. A- lying and 

rolling, B- sitting, C- crawling, kneeling, D- standing, E- walking, running, 

jumping and is valid and reliable.GMFM-66 (ICC 1⁄4 0.987; 95% CI: 0.972–

0.994) and test–retest reliability is also high (ICC 1⁄4 0.994; 95% CI: 0.987–

0.997.31  

The Wii Balance Board 

Standing balance issues have a negative impact on a person's functional abilities 

and increase their chance of falling. There is currently no proven technology 

that can accurately estimate centre of pressure (COP), a crucial component of 

standing balance, while being affordable, portable, and widely available. A 

study compared the Wii Balance Board (WBB) to the 'gold standard,' a 

laboratory-grade force platform, to see if it met these criteria (FP). On two 

different dates, thirty participants without lower limb pathology did a mixture of 

single and double leg standing balancing tests with eyes open or closed. A 

laptop computer was used to collect data from the WBB. Intraclass correlation 

coefficients (ICC), Bland-Altman plots (BAP), and minimal detectable change 

were used to investigate the test-retest reliability for COP path length for each 

of the testing devices, including a comparison of the WBB and FP data (MDC). 
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Within-device COP route length test-retest reliability was good to exceptional 

on both devices (ICC=0.66-0.94) and between-device (ICC=0.77-0.89) on all 

testing protocols. Examination of the BAP revealed no relationship between the 

difference and the mean in any test, however the MDC values for the WBB did 

exceed those of the FP in three of the four tests. These findings suggest that the 

WBB is a valid tool for assessing standing balance. Given that the WBB is 

portable, widely available and a fraction of the cost of a FP, it could provide the 

average clinician with a standing balance assessment tool suitable for the 

clinical setting.32  

The ground response forces and moments involved in human movements are 

measured using force plates, which are mechanical sensor systems. Load cells 

are used to determine forces on a force plate. Piezoelectric elements, strain 

gauges, and beam load cells are all examples of load cells. The sensors distort as 

force is applied to the plate, resulting in detectable voltage changes that are 

proportional to the force.Placing the sensors in different orientations enables the 

direction and magnitude of forces in 3D to be obtained. Other information that 

can be obtained includes the center of pressure, the center of force, and the 

moment around each of the axes. 33  
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The Neuro Function Evaluation Software- NFES 

A game-based assessment application, Neuro Function Evaluation is developed 

for the Computer games 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 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. 34  

In this study we will be incorporating an assessment tool named Forced Sensor 

Array (FSA) Pressure Mat (Bodi-track). The mat has various pressure cells 

which provide us with the pressure profiles that indicate the load exerted by the 

patient. The foot center-of-pressure (COP) position signal input will be acquired 

via a flexible pressure mat (53×53× 0.036 cm) containing a 16×16 grid of piezo- 

resistive sensors, each covering a surface area of 2.85 cm2 (FSA pressure mat) 

(Vista Medical Ltd, Winnipeg, Manitoba, Canada).         The flexibility of the 

FSA pressure mat permits the games to be performed on solid, fixed surfaces or 
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on compliant surfaces. The physical position of the center of pressure (COP) 

will be calculated in real time from the pressures distributed by the feet on the 

pressure mat. The pressure mat is sensitive to minute displacement because of 

the placement of pressure sensors. Thus pressure mat gives us the load data and 

the displacement data.35  

In this study we are incorporating the Paediatric berg balance scale as one of our 

outcome measure as preliminary studies support that the use of PBS is reliable 

for assessing functional balance. The total test administration and scoring time 

is less than 15 minutes and it also does not require any special equipments. It 

also provides clinicians with a standardized format for measurement of 

functional balance tasks.36 We are using GMFM as our second outcome 

measure as it is shown to be highly reliable and sensitive to change. It is 

considered as the gold standard measure for assessing gross motor function in 

children. It measures various domains like standing, walking, jumping and 

running. It provides objective measures in an easy and understandable format. 

GMFM is an evaluative instrument designed to measure change over time or 

change in response to an intervention.31  
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IMPORTANCE OF TRAINING BALANCE: 

Balance skills are an integral part  of gross  motor  abilities  and  poor  balance  

causes  difficulties  with  functional tasks involved  in activities of daily living.  

Balance and balance issues have been identified as one of the most important 

indicators of functional independence in these children. Children with 

neurological disorders have different balance methods than children who do not 

have neurological problems. In rehabilitation, balance deficiencies in a 

functional environment become a problem and are frequently the focus of 

treatments.29  

TREATMENT OF BALANCE: 

Medical Management: When a widespread reduction in spasticity and/or 

dystonia is needed, a variety of oral medicines are frequently administered for 

children with cerebral palsy. Baclofen, Diazepam, Dantrolene, and Tizanidine 

are some of the most commonly used drugs for generalised spasticity. Baclofen, 

Haloperidol, Levodopa, Tetrabenazine, and Benzhexol are some of the 

medications used to treat generalised dystonia. Drowsiness, lethargy, and 

weakness are all possible adverse effects of several of these drugs. When testing 

drugs, it's critical to have precise goals in mind and to keep track of whether or 

not the benefits and/or side effects are still present. 37 In children with cerebral 

palsy, phenol, an anaesthetic medication, can be administered to assist decrease 
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local spasticity. It works as a nerve blocker or chemical neurolytic agent, killing 

a part of the nerve momentarily to alleviate over activity and stiffness. 37  

Surgical management: The goals of orthopaedic surgery are to 

increase/maintain function, and to prevent further pain and deformity. Some 

children with cerebral palsy require orthopaedic surgery to correct and/or assist 

positioning of their upper and/or lower limbs, and to correct curvature of the 

spine. The type of orthopaedic surgery recommended is considered in relation to 

the child’s functional abilities (GMFCS level) and the goals of the child/family 

as a result of the surgery. Orthopaedic procedures include muscle lengthening, 

correction of bony deformities, tendon transfers, joint stabilisation, and growth 

plate surgery. Emphasis is on minimal immobilisation and early mobilisation to 

prevent loss of strength. If contractures are severe, surgery to lengthen affected 

muscles can improve a child’s ability to move, walk and to be positioned 

comfortably. This surgery may also help if tightly contracted muscles cause 

stress to joints and lead to deformities or dislocations. 37 Selective Dorsal 

Rhizotomy (SDR) is a neurosurgical spasticity-reducing intervention for 

children with spastic cerebral palsy. The goal is to reduce the spasticity in the 

lower limbs permanently by interrupting the abnormal spinal reflex arc, in order 

to improve motor function. 37   
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Non-Pharmacological treatment for balance: 

There are various therapies used to improve balance in children with NDDs like 

various exercises, aquatic therapies, hippotherapy, technological based 

therapies, computer game based therapies etc. 

The benefits provided by aquatic environment include weight relief and ease of 

movement. These characteristics allow movement exploration, strengthening, 

and functional activity training, often before patients can perform the same on 

land. Also, the supportive properties of water allow easy handling of patients by 

aquatic therapy professionals. 38 The therapeutic use of water in the recovery or 

achievement of certain physical and functional goals of patients is referred to as 

aquatic physiotherapy. Children with developmental coordination deficits 

(DCD) and Duchenne muscular dystrophy show similar improvements in motor 

abilities (DMD). Children with neuromuscular diseases and other 

developmental difficulties benefit from APT because it creates a motivating 

setting that encourages physical activity. APT treatments have been shown in 

studies to have a favorable impact on the behavior of children with autism 

spectrum disorders (ASD), increasing involvement and improving treatment 

adherence. Many traditional land-based therapies are less conducive to 

participation and autonomous activities than aquatic therapy programmes.39  
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Hippotherapy: 

According to observations, the 3-dimensional movement of a walking horse 

passively adjusts a child's pelvis with motions similar to those required for 

walking, generating shifts in the child's centre of gravity in the sagittal, frontal, 

and transverse planes. The kid is obliged to react not only to the pelvic 

disturbances, but also to a range of tactile, vestibular, and visual cues due to the 

simultaneous forward movement across space. Hippotherapy is a task-oriented 

approach to posture regulation. As the therapist alters the horse's pace and 

direction, as well as the client's activities, the required anticipatory and 

reactionary adjustments are randomised, providing practise of balancing and 

righting reactions. Hippotherapy, as a whole-task exercise, provides the benefits 

of mass practise in an activity that allows a person to develop and refine motor 

patterns while also practicing processing sensory input in a regulated setting. 40 

The balance training activities selected for each session must be designed to be 

challenging and attractive to children. These activities require concentration on 

movements, with various basic exercises using equipment such as balls, 

balloons, and foam, and must be performed while standing on the balance 

training mat. The balance training program includes warm-up movements, 

followed by stretching and static balance training, which includes heel and toe 

raises, alternate rising of the right and left feet above the floor, and tandem 

standing. The mobility balance training performed by the subjects includes the 
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following: weight shifting forward, backward, sideward, and diagonally with 

eyes opened and eyes closed; walking toe-to-heel barefoot; walking along the 

gym and stepping on foam with different thicknesses; side walking; reverse 

walking; and one-foot jumps. In addition, progressive activity training includes 

exercises such as stepping over/on obstacles, passing balls arranged in a circle, 

throwing and catching a ball and balloons, and rolling and kicking a ball. 41 

There are various conventional approaches used to treat balance like active-

assisted stretching exercises for lower limb musculature focusing on postural 

control and improvement in dynamic stability. Balance and weight bearing 

exercises with multi-directional reach outs associated with trunk movements on 

fixed surfaces gradually progressing to unstable movable and compliant 

surfaces. Weight transfer exercises with multi-directional reach outs and 

Stepping exercises in different directions on a variety of surfaces.  42 Different 

surfaces are used by many therapist worldwide as a means to assess balance 

capacity that is modified Clinical test of sensory interaction in balance (CTSIB) 

and also as a mean to challenge the balance control system make more random 

and excessive body sway which needs to be sensed /detected and quickly 

corrected or else there will be a fall. 42 If balance/ stability has to be improved 

then the child needs to experience lots of different balance disturbances which is 

graded, progressive and random. The interactive games were performed while 

the participant stood on a fixed floor surface or on compliant surfaces of 

different thicknesses. A compliant sponge surface will modify the ground 
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reaction forces under the feet. Being compliant, the sponge surfaces cannot 

reciprocate the normal forces from the feet as the body sways and moves. Thus, 

uncertainty is introduced into the system, which, in turn, results in distortion 

and delay in the interpretation of the signals coming from cutaneous sensors of 

the feet and proprioceptors of the ankles and legs. Accordingly, when the goal-

directed movements (game events) are performed on a sponge surface, the 

movements will disturb balance as the position of center of body mass moves 

relative to the unstable support base. Thus, during game play, there will be an 

increase in frequency and magnitude of involuntary and unpredictable body 

sway in all directions, a condition to which the individual must sense and 

respond. These exercises constitute a demand on whole body balance reactions. 

Continuous, automatic postural adjustments are required to maintain standing 

balance and posture. 35  

Virtual reality: 

Virtual reality uses a range of computer technologies to present virtual or 

artificially generated sensory information in a format that enables the user to 

perceive experiences that are similar to real-life events and activities in a virtual 

world. 37 Virtual reality (VR) technology can be used for rehabilitation if it 

allows the user to interact and play with virtual objects in a computer-generated 

environment. 43 The usage of virtual reality games in rehabilitation is increasing 

as research shows that they raise participant motivation while also improving 



INTRODUCTION 
 

 Page 30 
 

functional outcomes and motor performance. The benefits of using virtual 

reality are founded on numerous essential ideas in motor learning, such as 

feedback, motivation, and repetition. Participants are motivated to improve their 

performance when they receive feedback. In this aspect, virtual reality is an 

effective tool for increasing the number of repeats required to induce 

neuroplasticity.44  

Need for the study 

Benefits of well-designed, interactive computer-gaming activities used in 

rehabilitation training have been demonstrated to improve a child's motor skills. 

Based on this information; we have developed a low-cost, interactive, computer 

game-aided rehabilitation platform (CGR). It is extremely flexible; can combine 

many engaging, balance exercises with fun (cognitive) game activities.There are 

previously many scales used as the technological scales like Nintendo Wii 

balance system,32 force plates,33 that give the information of ground reaction 

forces, COP, etc. The outcome measure that we are using in our study is the 

pressure mapping system, where the mat has various pressure cells which 

provide us with the pressure profiles that indicate the load exerted by the 

patient. The foot center-of-pressure (COP) position signal input will be acquired 

via a flexible pressure mat (53×53× 0.036 cm) containing a 16×16 grid of piezo-

resistive sensors, each covering a surface area of 2.85 cm2.35 Unlike other 

technologically based outcome measures, the flexibility of the FSA pressure mat 
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permits the games to be performed on solid surfaces or compliant surfaces. This 

mat calculates the center of pressure (COP) from the pressures distributed by 

the feet on the pressure mat. It is sensitive to minute displacement because of 

the placement of pressure sensors. Thus unlike the other outcome measures, this 

gives us the load data and the displacement data. Hence when compared to other 

subjective measures like GMFM, PBBS this pressure mapping system gives 

more of a precise and objective evaluation.  

The other novice concept in our study is the assessment using the NFES which 

provides a standardized method of quantifying task performance of prescribed 

exercises. This new evaluation tool provides timely feedback to the child and 

parent and also serves as an objective outcome measure of performance for each 

exercise session. Unlike other evaluation tools, this software is an interactive 

game-based application that produces “standardized” computer-generated tasks 

with choices (game events), which guide and elicit goal-directed movement 

responses. It also records a child’s movements and choices during each game 

event task. This tool also performs advanced data analysis methods to quantify a 

child’s motor and cognitive performance and generates reports of objective 

outcome measures.34 

In our study, we are using the concept of dual-tasking where we are challenging 

the participant with one task that is by asking him to stand on various surfaces, 

and by adding another task by asking the participant to play commercial 
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computer games to divide his/her attention and focus. Our gaming activities 

require visual search, sustained attention, visuo-spatial processing etc and while 

balancing on a compliant surface like sponge pad or balance disk. These games 

can be engaging, entertaining and motivating. The interactive balance games 

involved repetitive, voluntary, whole-body movements toward random target 

locations, resulting in movements that varied in direction, speed, amplitude, and 

precision.35, 45, 46 Thus transferability of functions to daily life is better in this 

computer based rehabilitation than any other technologically based 

rehabilitations like virtual reality, etc. There are many things to consider when 

developing therapy programs designed to improve dynamic balance skills for 

these affected children to maximize their neurodevelopmental capacities and to 

prevent the development of secondary disabilities. Intense repetitive task 

practice (RTP) such as constraint-induced movement therapy is one of the few 

effective neuro-rehabilitative strategies shown to improve motor function in 

children with Neurodevelopmental disorders, with potential to overcome 

developmental difficulties. Constraint induced movement therapy consists of 

constraining the use of the unaffected limb to encourage use of the affected 

limb. 46 However it is often difficult to engage children in therapy and sustain 

motivation to engage in intense RTP and achieve the therapy goals. Thus, there 

is a need for effective approaches and tools that motivate young children with 

NDD to complete long-term neuro-rehabilitation programs and to provide 

developmental opportunities. Thus these emerging rehabilitation technologies 
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have the potential to improve clinical outcomes and child participation because 

they are engaging, motivating and now accessible. For this purpose we have 

developed a computer game-aided rehabilitation platform (CGR). 46 this 

approach combines motor exercises with fun games appropriate for children 

with neuro- developmental disorders. To rate motor and functional outcomes in 

these children, guardians and therapists rate motivation as the most important 

characteristic. 47, 48 There is a need for innovation to regulate rehabilitative 

efforts to improve compliance to quality therapy for children with NDD. Thus 

our study aims to observe whether implying the concept of dual-tasking will 

have a better outcome on balance in children with NDDs than the already 

proven conventional therapy exercises. Encouraging results in adult populations 

with neurological conditions 35, 49 have interested us to see if the CGR for 

balance training has a beneficial effect in children with NDD. The purpose is to 

provide evidence of the feasibility to further conduct a multicenter RCT using 

the CGR on restoration of dynamic standing balance skills of young children 

aged 5-12 years with Neurodevelopmental disorders. 
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AIMS AND OBJECTIVES 

 

• To study the effectiveness of Computer- Game Aided rehabilitation 

versus Conventional Physiotherapy treatment for balance in children with 

neurodevelopmental disorders between the age groups of 5 to 12 years. 

 

 

 

• To assess the feasibility of application of Computer game-aided 

rehabilitation for balance in children with neurodevelopmental disorders. 
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REVIEW OF LITERATURE 

 

Electronic searches were conducted in Google Scholar, Science Direct, Pubmed, 

Pedro, Cochrane, LILACS and CINAHL. 

The search terms used were Balance, balance impairments, physical therapy for 

balance, Physical therapy AND Balance AND children, Physical therapy AND 

balance AND children AND neurodevelopmental disorders, exercise for balance 

impairments, neurodevelopmental disorders in children, balance issues in children 

with neurodevelopmental disorders, Exercise interventions for children with 

neurodevelopmental disorder and balance impairments,      Computer game based 

rehabilitation, Computer game based rehabilitation in children with balance 

impairments. 
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From Pubmed, 781 results were found when searched for balance impairments in 

children (recent 5 years), the number of citations reduced to 55 for balance 

impairments in children with neurodevelopmental disorders. 7 citations were found 

for balance in children with Down’s syndrome and 9 citations were found for balance 

impairments in children with cerebral palsy. There were 37 results found for physical 

therapy for balance in children which reduced to 0when searched for physical therapy 

for balance in children with neurodevelopmental disorders but there were 05 citations 

found when searched for physical therapy for balance in children with cerebral palsy 

specifically. There were no articles found when searched for computer game based 

rehabilitation for balance in children with cerebral palsy.  
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FLOW CHART 01 

 

                                                                                                                                                                                     

 

 

In Pubmed, 781 results were found when 
searched for balance impairments in 

children 

37 results found for physical 
therapy for balance impairments 

in children

5 citations found when searched 
for physical therapy for balance 

impairments in children with 
cerebral palsy

0 articles were found when 
searched for computer game 

based rehabilitation for balance 
in children with CP 

55 articles were found for 
balance impairments in 

children with NDD

19 articles were found for 
balance impairments in 

children with CP

7 results were found for 
balance impairments in 

children with Down's Syndrome

0 results were found when 
searched for CGR for balance in 

NDD     

0 articles were found when searched for physical
therapy for balance in children with NDD 

Full text articles selected 32

15 in introduction, 17 in ROL
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In Science direct, there were 193 results found when searched for balance 

impairments in children with neurodevelopmental delay. 21 articles were 

found for balance impairments in children with Down's syndrome and when 

searched for exercise for balance impairment in children with NDD there were 

29 articles found. When searched for physical therapy for balance issues in 

children with NDD, there were 41 results found. 94 articles were found for 

Physical therapy for balance issues in children with CP. 3 articles were found 

for balance issues in children with Down’s syndrome. In the database, 4 

articles were found when searched for physical therapy for balance 

impairments in children with hemiplegic CP.  
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FLOW CHART 02 

 

 

 

 

 

 

 

In science direct, there were 193 
results found when searched for 
balance impairments in children 
with neurodevelopmental delay

21 articles were found for 
balance impairments in children 

with Down's Syndrome

Exercise for balance impairment 
in children with NDD there were 

29 articles found

Physical therapy for balance 
issues in children with NDD 
there were 41 results found

94 articles for Physical 
therapy for balance issues in 

children with CP 

3 articles were found for 
balance issues in children 
with  Down's Syndrome

4 articles were found when searched for 
physical therapy for balance impairments 

in children with Hemiplegia

Full text articles selected were 29,

these are quoted in the introduction.
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In Google Scholar, there were 17,700 results found for physiotherapy for 

balance in children. 4960 articles when searched for physiotherapy for balance 

in children with neurodevelopmental disorder. 5330 articles were found when 

searched for physiotherapy for balance in children with cerebral palsy. When 

searched for exercises for balance impairments in children with 

neurodevelopmental disorder, there were 1020 articles found. With Computer 

game based rehabilitation for balance in children with neurodevelopmental 

disorder, 132 articles were found. 
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In Google Scholar, there 
were 17,700 results 

found for physiotherapy 
for balance in children

4960 articles when 
searched for 

physiotherapy for balance 
in children with NDD

5330 articles were found 
when searched for 

physiotherapy for balance 
in children with cerebral 

palsy

When searched for exercises 
for balance impairments in 

children with NDD there ere 
1020 articles found 

With Computer game based 
rehabilitation for balance in 

children with NDD 132 articles 
were found.

Full text articles selected were 
30

28 in introduction and 2 in ROL 
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Neurodevelopmental Disorders: 

1. A study on the development of children under the age of five in 

underdeveloped countries was conducted using databases such as BIOSIS via 

ISI web of science, PubMed, LILACS, EMBASE, SIGLE, and Cochrane 

Review, as well as public documents from the World Bank, UNICEF, and 

UNESCO's International Bureau of Education from 1985 to February 2006 

which stated that out of 559 million children falling under the age of 5 years in 

developing countries, 156 million children have stunted growth and 

development, out of which India ranks among the top with a figure of 65 

million developmentally disabled children. As a result, about 200 million 

children under the age of five are not developing to their full potential in 

developing countries. 50  

 

2.  A systematic review and meta analysis were carried out with the goal of 

determining the burden of NDD in low and middle income countries, with the 

majority of papers coming from Asia-Pacific. NDD is caused by perinatal 

problems, nutritional deficits, infections, and head injury. The review 

indicated that the burden of NDD is present but there is lack of reliable data on 

some NDD like ASD and ADHD.6 The data pooled and prevalence per 1000 

(95%CI) was calculated as 
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Table- Burden of NDD in low and middle income countries 

60.8 ADHD 

362.1 BEHAVIOURAL PROBLEM 

1.6 EPILEPSY 

8.0 HEARING IMPAIRMENT 

14.6 MOTOR IMPAIRMENT 

75.2 NEUROLOGICAL DYSFUNCTION 

177.8 VISUAL IMPAIRMENT 

80.0 LEARNING DISABILITIES 

32.8 NEURODEVELOPMENT DELAY 

232.4 OTHER MENTAL DISORDER 

 

3. According to the Diagnostic and Statistical Manual of Mental Disorders, NDD 

are a group of conditions that begin throughout childhood and result in poor 

social, personal, academic, or occupational functioning as a result of 

developmental deficiencies with specific characteristics. They are mainly 

classified as NDD with onset in developmental period and major neuro-

cognitive disorders with late onset in life.51  
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4. According to a review of children with developmental disorders, they suffer 

from a wide range of deficits, ranging from specific learning disabilities or 

communicative skills to global impairments in social interaction or intellectual 

function, and so neurodevelopmental disorders are divided into six groups 

based on the deficits experienced namely intellectual disability, 

communication disorder, autism spectrum disorders, specific learning 

disorder, attention deficit hyperactivity disorders and motor disorders. 

Neurodevelopmental diseases encompass a wide range of illnesses that impair 

many aspects of a child's development. NDD cases are on the rise, particularly 

in developing nations, and must be addressed, given that a large number of 

children under the age of five are not developing normally, with India ranking 

highest. 52  

 

Assessment and Outcome Measures for Balance: 

5. A study titled “Correlation between Pediatric Balance Scale and Functional 

Test in Children with Cerebral Palsy”; the purpose of the study was to 

investigate the correlation of functional balance with the functional 

performance of children with cerebral palsy. [Subjects and Methods] This was 

a cross-sectional study of children with cerebral palsy with mild to moderate 

impairment. The children were divided into 3 groups based on motor 

impairment. The evaluation consisted of the administration of the Pediatric 

Balance Scale (PBS) and the Pediatric Evaluation Disability Inventory. 

Correlations between the instruments were determined by calculating 

Pearson’s correlation coefficients. In Group 1, a strong positive correlation 
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was found between the PBS and the mobility dimension of the Pediatric 

Evaluation Disability Inventory (r=0.82), and a moderate correlation was 

found between the PBS and selfcare dimension of the Pediatric Evaluation 

Disability Inventory (r=0.51). In Group 2, moderate correlations were found 

between the PBS and both the self-care dimension (r=0.57) and mobility 

dimension (r=0.41) of the Pediatric Evaluation Disability Inventory. In Group 

3, the PBS was weakly correlated with the self-care dimension (r=0.11) and 

moderately correlated with the mobility dimension (r=0.55). PBS proved to be 

a good auxiliary tool for the evaluation of functional performance with regard 

to mobility, but cannot be considered a predictor of function in children with  

cerebral palsy. 53  

 

 

6.  A study titled “Correlation between the selective control assessment of lower 

extremity and pediatric balance scale scores in children with spastic cerebral 

palsy” where the purpose was to investigate the correlation between the 

Selective Control Assessment of Lower Extremity (SCALE) and Pediatric 

Balance Scales (PBS) in children with spastic cerebral palsy and further to test 

whether the SCALE is a valid tool to predict the PBS. A cross sectional study 

was conducted to evaluate the SCALE and PBS in 23 children (9 females, 14 

males, GMFCS level I–III) with spastic cerebral palsy. Both the SCALE and 

PBS scores for children with spastic hemiplegia were significantly higher than 

those for children with spastic diplegia. The scores for SCALE items were low 

for distal parts. The PBS items that were difficult for the participants to 

perform were items 8, 9, 10, and 14 with the highest difficulty experienced for 
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item 8 followed by items 9, 10, and 14. The correlation coefficient (0.797) 

between the SCALE and PBS scores was statistically significant. The 

correlations between each SCALE item and the PBS scores were also 

statistically significant. SCALE items were significantly correlated with two 

PBS dimensions (standing and postural change). In SCALE assessment, more 

severe deficits were observed in the distal parts. Standing and postural changes 

in the PBS method were difficult for the participants to perform. The two tests, 

that is, the SCALE and PBS, were highly correlated. Therefore, the SCALE is 

useful to prediction of PBS outcomes and is also applicable as a prognostic 

indicator for treatment planning. 54  

 

7.  A study which was designed to evaluate the use of the Berg Balance Scale 

(BBS) to assess the balance abilities of children with cerebral palsy. Thirty-six 

ambulatory children with cerebral palsy and 14 children with no motor 

impairment (ages eight to 12 years) were assessed on the BBS and the Gross 

Motor Function Measure (GMFM). Participants with cerebral palsy comprised 

three groups based on diagnosis (spastic hemiplegia, spastic diplegia who 

ambulated without aids, and spastic diplegia who ambulated with aids). A 

fourth group consisted of control subjects with no motor impairment. It was 

hypothesized that these four groups demonstrated a hierarchy of balance 

abilities. A one-way ANOVA was used to detect significant differences in test 

scores among the four groups. The analysis was repeated categorizing children 

on the Gross Motor Function Classification System (GMFCS) instead of 

diagnosis. The ability to use scores on the GMFM was slightly better than 

using BBS scores to distinguish among the groups when children were 
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classified using diagnosis. Significant pair wise differences among the groups 

were present on both the BBS and the GMFM when the children were grouped 

on the GMFCS. The results suggest that the BBS can be considered as a 

clinical measure of balance for children with cerebral palsy, and a functional 

classification system can be used to group children more homogeneously than 

traditional classification by diagnosis. 29  

 

8. A study entitled “Inter rater reliability of Pediatric clinical test of sensory 

interaction for balance (CTSIB)” where the inter rater reliability was assessed 

of a new standing balance test; pediatric version of CTSIB was assessed. 

CTSIB evaluates child’s ability to use visual, somatosensory, vestibular inputs 

to maintain standing balance. In this study 2 examiners, a paediatric physical 

therapist and a paediatric occupational therapist simultaneously scored the 

CTSIB performance of 24 children aged 4 to 9 years. Six conditions of CTSIB 

were administered with two different feet positions, with feet together and feet 

in heel to toe position. Three measures of balance were recorded for each 

condition 1) Amount of sway 2) nominal sway categories 3) Movement 

strategies. The surface conditions were standing on hard surfaces and standing 

on foam or compliant surfaces. 28  
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Balance training for children with Neurodevelopment disorders 

In developing a therapy programme to promote coordination, maximize their 

neurodevelopment, preserve cognitive/behavioral rehabilitation, and avoid the 

development of secondary disorders and non-use sequelae, there are many things 

to consider (like spasticity, contractures). The rehabilitation protocol's efficacy is 

proportional to the intensity and amount of training and the task specificity of the 

exercise programme. In physiotherapy for balance recovery in children with CP, 

the latest state of the art research focuses more on interventions such as Neuro 

Developmental Therapy (Bobath Concept), Sensory Integration Care, Vestibular 

and Proprioceptive Training. 55  

 

9. The  aim  of  this  study  was  to  show  the  effects  of  an  8 week  

Neurodevelopmental  treatment  based  posture  and  balance  training  on  

postural  control  and  balance  in  diparetic  and  hemiparetic  Cerebral  

Palsied  children.A variation of these methods was used to treat balance 

deficiency in 15 children with mild to moderate CP (GMFCS Levels 1, 2 & 3) 

in the age group of 5 to 15 years. GMFCS, GMFM-88, WeeFIM, 1-Minute 

Walk Test (1MWT), Adjusted TUG, PBS and Seated Postural control measure 

(SPCM) were evaluated on the participants before and after 8 weeks of 

intervention. The participants underwent an intervention consisting of NDT 

postural control strategies based on providing regular experience of gestures 

with cardinal principles of facilitation, stimulation and communication. The 

exercises included vestibular and proprioceptive training on balance boards, 
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exercise balls, trampoline, weight bearing and reachout tasks, sitting, kneeling 

and standing balancing operations in open eyes and closed eyes environments, 

and activities for walking and stair climbing. The results showed a significant 

improvement in GMFCS levels, with 7 out of 8 participants moving from 

GMFCS level 2 to level 1 and 3 out of 4 participants moving from level 3 to 

level 2. The 1 MWT distance increased by 11.2 meters, the MTUG time 

decreased by 9.13 seconds, the PBS score increased by 5.13 units and the 

WeeFIM score increased by 6.2 units.      SPCM alignment improved by 9.87 

units and function improved by 2.2 units and improved by 4.33 percent on the 

GMFM-88 ratings. Thus, NDT was obviously useful for balance training and 

functional enhancement In children with CP. The findings could be more 

accurate if a control group for effect comparison was included in the sample.56  

 

According to the current literature review, there are various studies that focus  

on  the  upper limb  function  rehabilitation  but  very  few studies  that  are  

available  in  the  literature  that  focus primarily  on  balance  rehabilitation in  

younger  children  with  NDD. Children with NDDs clearly benefit from 

intensive, repetitive, well-resourced therapy protocols.  For example:  consider  

the various  forms  of  RTP such  as  Bimanual  Intensive  Therapy  or  

Constraint Induced  Movement therapy  (CIMT)  a  guided,  intense  exercise 

program with  a  focus  on hand  and  arm  activities  do produce  significant 

improvements in  arm  function. 57, 58, 59, 60 
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With  the  evidence  of  improvement  in UE  function  with  RTP;  we propose  

to  perform  an  exercise  regimen  with  RTP  for  balance reaction activation  

and  Balance  Restoration.  

When  rehabilitation  regimens  are  prescribed  for  these  children  which  

incorporates  RTP; adherence  is  often  low  because  exercises  are  tedious  

and  uninteresting  to  them,  therefore  it  is difficult  to  sustain  motivation  

in  intense  RTP  to  achieve  longterm  rehabilitation  goals. If one is to expect 

good  longterm  outcomes  for these  children with physical  and  mental  

disabilities  then the  training  needs  to  be  flexible,  motivating,  engaging,  

progressive  and  of  large  volume. Parents  and  clinicians  rate  motivation  

as  the  most  influential  personal characteristic  to determine  motor  and  

functional  outcomes  in  these  children.47 There is  a  need  for  innovation to  

manage  rehabilitative  efforts  to  improve  compliance  to  quality  therapy  

for  children  with  CP.  

An  emerging  approach  to  engage  children  in  therapy  is  to incorporate 

play  or  computer  games with  a  range  of  learning  elements  with 

interactive motor  and  cognitive  challenges.  Benefits of well-designed,  

interactive  computer gaming  activities  used  in  rehabilitation training have  

been demonstrated  to  improve  player’s  motor  skills.61  

There are various choices of  therapeutic gaming  platforms  used to  promote  

balance  and  walking  skills  in  young  children  with  CP.   

Few  of those  used  in  studies  for  rehabilitation  of  Balance  in  children  

with NDDs  are  as  stated below:  
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Technologically Based Rehabilitation for balance: 

10. A study used Biodex Method, which was developed for 30 children with 

spastic diplegic CP. Biodex Device, was built on the platform using forced 

plate sensors, support handle, monitor and printer. For balance testing and 

therapy purposes, it was an evaluation and a therapeutic method with a static 

mode and 12 dynamic levels. The authors used the dynamic limit of static 

stability testing and level 12 of the dynamic equilibrium testing module. 

Participants of GMFCS levels 1 and 2 that are moderate types of cerebral 

palsy in the 10-12 age group were included in the study. The experimental 

group and a control group were randomly allocated. A traditional 

physiotherapy session was offered to both classes, including stretching, 

reinforcement, postural reaction and standing exercises and reflex inhibiting 

patterns along with gait training. This was received by the control group for 2 

hours and the standard protocol was received for 1 hour and 30 minutes by the 

experimental group. The experimental group received balance instruction 

using the Biodex system during the initial 30 minutes, in which the individual 

was asked to stand independently on the Biodex system platform. This 

included exercises such as achieving the visual objective on the screen, such 

as a blinking ball; and keeping the shift in balance for a few seconds. The 

author does not apply to the particular amount of actual change or time spent 

during the stability exercise limit. Then the participants continued with the 

traditional exercises after resting for 10 minutes. At a pace of 3 sessions per 

week, this intervention lasted for 3 months. After the intervention, the 

evaluation concluded that the Biodex method was substantially effective for 
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training in postural stability in children with CP. This was shown by a 3 times 

reduced risk of experimental falling compared to the control group. The 

balance testing data also revealed 5 to 7 times better outcomes than the control 

group in the study group. The result may be attributed to the training effect of 

the Biodex system, which was continuously used for training participants in 

the experimental group, and the control group, except for the assessment 

sessions, was not subjected to the system as much.62 

 

11. A review titled “Virtual Reality Based Exercise with Exergames as medicine in 

different contexts” explains that lack of motivation, is a barrier to people 

intended to start new habits for health. Considering  this  previous  

Information, new alternatives for exercises may help people  engage in  a  

healthier  lifestyle.  Technology  has  contributed  to  this  with  devices  that  

allow  movements  based  on  reality  approaches,  including  the  exergames.  

These are games available even in commercial devices, as videogames,  that  

allow  people  to  with  different  physical  components. Furthermore, exergames  

add cognitive  gain  through  its  dualtask  characteristic.  Moreover,  due  to  the  

combination  of  these  benefits,  they  are  feasible  to  acquire,  and  easy  to  

use.  Exergames  are  not  only  a  potential  strategy  to  reduce  sedentary  

lifestyle  but  also  a  good  method  to  improve  health  gains and  rehabilitation  

in  different  populations  and  pathological  conditions:  older  adults,  stroke  

survivors,  and  Parkinson’s  disease.  In this review, the authors aim to 

demonstrate some conditions that   

literature  supports  the  intervention  with  exergames  due  to  its  physical  

and  cognitive  benefits.  Furthermore,  at  the  end  of  this  review,  they also 
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explore the  neurobiological  mechanisms  behind  virtual reality  based  

exercises.63  

 

12. A study entitled “Effects of a Gaming Platform on Balance Training for 

Children with Cerebral Palsy” studied the effect of the gaming platform on 

motor function recovery in children with CP. 40 participants with GMFCS 

levels 2, 3 and 4 were recruited and randomized into either control or 

experimental classes. The participants in both the research groups were 

exposed to gaming intervention in the school set up for a span of 12 weeks at 

the pace of 5 days during a week. The participants of the experimental group 

played PC games using a specially built PC gaming platform adapted from a 

sanding machine, while the participants of the control group used the 

computer mouse to play the same games. It was predicted that the participants 

would stand and play the PC games in both the groups in the control group 

hold on to the mouse and in the experimental group interact with the PC 

Gaming Platform. The platform was constructed from a hardwood-built 

sanding unit composed of adjustable force handles and a notebook. The load 

on the handle varied from 0.5 to 2.5 lbs. And the size varied according to the 

hand of the kid. The optical platform received a light signal from the LED 

array when the handle was shifted, which was transformed using the control 

circuit into an electrical signal. The light signal was disturbed and when the 

child operated the handle on, the handle location was sent to a computer. In 

order to improve posture regulation of their upper trunk, these children could 

move the sanding block over the plank with elbow extension. Trunk motions 

in 3 directions, horizontal (lateral weight shifts); vertical (forward and 
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backward weight shifts) and multidirectional were provided by this suggested 

PC gaming platform (combined movements). As their outcome tests, they used 

COP sway testing, Berg Balance Scale (BBS), Fullertone Advanced Balance 

Scale, and TUG. Based on the COP sway analysis conducted upon completion 

of the intervention, the study showed positive results on the standing 

equilibrium. The improvement of the COP Analysis measures within the 

intervention community was shown by a decrease in values of 0.73mm, 

0.33mm, 0.71cm2 and 0.48cm/s in AP sway, ML sway, Sway area and Sway 

velocity with a P value of <0.05 percent respectively from pre to post 

evaluation. Whereas the control group demonstrated a decrease in AP sway, 

ML sway, Sway area and Sway velocity of 0.32mm, 0.41mm, 0.40cm2 and 

0.02cm/s from pre to post measurement, respectively, which was negligible. 

Improvements were observed in the BBS and TUG of 4.07 units and 1.08 

units from pre-to post-evaluation in the intervention group, respectively, 

which was substantial compared to 0.98 units and 0.31 units in the control 

group. In both categories, there were insignificant changes in FAB scores as 

this outcome measure deals with functions of advance balance regulation that 

were not the direct focus of this research.64  

 

13. A study entitled “Innovative technologies in medical rehabilitation of patients 

with cerebral palsy” where results of stepping games were analyzed using a 

dance mat with an goal to improve equilibrium. Dance Mat was used for 3x3 

matrix training where the child was to stand in the centre matrix and execute 

the step as it appeared on the game screen to mimic the movement and obtain 

a high game score. The child had to stand independently without assistance 
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and move as needed. For this reason, there were 8 games produced and 3-4 

games were used per session. This included, for example, a game called 

'catching the butterfly' where a butterfly appeared on one of the eight flowers 

the child had to catch by walking on the corresponding flower (matrix). It is 

possible to alter the level of difficulty of the game (for example, the pace of 

appearance of butterflies will be high to increase the demand for equilibrium 

by stepping faster to achieve the goal). The ratings and length of the game was 

stored in the system and was accessible to the therapist in order to track and 

change the levels of difficulty as necessary. As their outcome measures for the 

study, they used the Pediatric Balance Scale (PBS), Timed Up and Go (TUG) 

and Four Square Step Test (FSST). They found an increase in balance 

performance on the Pediatric Berg Balance Scale after 2 weeks of intervention 

implementation and a decrease in length on both the TUG and FSST. 65  

 

14. “Using motion interactive games to encourage physical activity and improve 

motor function in children with cerebral palsy” was the title of a study. The 

impact of interactive gaming was investigated as part of a home-based 

intervention to enhance physical activity in children with cerebral palsy. They 

used Play Station and Games of Eye Toy, which consisted of 20 games for 

home interactive play. A Sony PlayStation 2 and the Eye Toy Play 3 game, 

which included 20 games, were given to the participants. Each participant kept 

a gaming diary consisting of questions and also the time was noted as 20-30 

minutes; 30-60 minutes; and so on by selecting ranges. This dairy often 

tracked the kid playing alone or with someone (siblings, friends, family, etc.) 

who took the initiative. They used a Sense-Wear Armband that measured 
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Overall Energy Expenditure (TEE), steps taken and the length of physical 

activity. Using the Movement Evaluation Battery for Children (MABC), the 

engine output was evaluated and a 1-minute walk test was used to determine 

the study participants' general motor functions. The intervention revealed 

participants' commitment to rehabilitative use of gaming and increased 

physical activity. The adherence was determined by the parents' analysis of the 

low-cost experience of using Gaming quickly and accurately.66  

 

15.  The primary aim of a study was to compare the effect of Nintendo Wii 

balance board (Wii-therapy) and standard physiotherapy (SPT), on the 

performance of standing balance in children and adolescents with CP. The 

secondary aim of the study was to determine the post-treatment effectiveness 

of Wii-therapy and SPT.  Two-arm, matched-pairs, parallel-groups, 

randomized, controlled clinical trial. patients with CP type spastic hemiplegia 

(SHE) and spastic diplegia (SDI), aged 7 to 14 years, and level i or ii of 

GMfcs or GM-fcs-Er. Were excluded patients with fsiQ<80, epilepsy, 

previous surgeries and application of botulinum toxin-a in the lower limb, 

uncorrected vision and hearing disorders. Thirty-two CP patients (10.7±3.2 

years old) were randomly assigned to either Wii-therapy (SDI=7; SHE=9) or 

spt intervention (SDI=7; SHE=9). In each group, patients received three 

sessions per week over a period of 6 weeks. Standing balance was assessed at 

baseline and every 2 weeks. Additionally, two follow-up assessments (4 

additional weeks) were performed to determine post-treatment effectiveness. 

Standing balance was quantified on force platform obtaining the outcomes 

area of center-of-pressure (CoP) sway (CoP sway), standard deviation in the 
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medial-lateral (SDML) and the anterior–posterior (SDAP) directions, and 

velocity in both directions (VMl and Vap). Compared to SPT, Wii-therapy 

significantly reduced the CoPsway (p=0.02) and SDAP in the eyes-open 

condition (p=0.01). However, the effects wane after 2-4 weeks. Post-hoc 

analysis revealed that only SHE children benefited from Wii-therapy. Wii-

therapy was better than spt in improving standing balance in patients with cp, 

but improves the balance only in shE patients. also, Wii-therapy effectiveness 

waned 2-4 weeks after the end the intervention.67  

 

16. A  study  sought  to  evaluate  the  effects  of  a  Nintendo  Wii  Balance Board 

(NWBB) intervention  on  ankle  spasticity  and  static  standing balance  in  

young  people  with  spastic  cerebral  palsy  (SCP). In the methodology,  ten  

children  and  adolescents  (aged  72-204  months)  with  SCP  participated  in  

an  exercise  program  with NWBB.  The  intervention  lasted  6  weeks,  3  

sessions  per  week,  25  minutes  for  each  session. Ankle  spasticity  was  

assessed  using  the Modified  Modified  Ashworth  Scale  (MMAS),  and  

static  standing  balance was  quantified  using  posturographic  measures 

(center-of-pressure [CoP]  measures).  Pre- and post-intervention measures 

were compared.  Significant decreases  of  spasticity  in  the  ankle  plantar  

flexor  muscles  (p  <  0.01) was observed.  There  was  also  a  significant  

reduction  in  the  CoP  sway  area  (p  =  0.04),  CoP  mediolateral  velocity  

(p  =0.03),  and  CoP  anterior-posterior  velocity  (p  =  0.03). The study 

concluded by stating that a 6 session  NWBB  program  reduces  the  spasticity  

at  the  ankle  plantar flexors  and  improves  the  static  standing  balance  in  

young  people  with  SCP. 68  
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17. Another study also evaluates the effectiveness of using Nintendo Wii Fit for 

rehabilitation of balance in children with CP. The Motor Proficiency 2nd 

Edition (BOT-2) Bruininks-Oseretsky test and the Timed Up and Down Stairs 

Test (TUDS) were used as the outcome measures for this research. The 

sessions were held for 25 minutes four days a week, during the daily 

physiotherapy time slots for the kids. During the 3-week span of Wii Fit 

intervention implementation, patients did not undergo any normal 

physiotherapy care. The participant would not have any shoes, socks or AFOs 

on during the Wii Fit gaming sessions. The participants were then asked to 

stand on the Wii Fit balance board while the research assistant controlled the 

gaming controller. Games were broken down into groups based on the primary 

direction of weight shift needed to effectively execute the game events. 

Antero-posterior, (snowboarding), medio-lateral (skiing, penguin game and 

soccer) and multidirectional weight shifting were the games included in each 

group (bubble game and hula hoop).All these games involve balance and 

coordination training, according to Deutsch et al., and most provide feedback 

related to both knowledge of outcomes (auditory) and performance knowledge 

(visual). For each game played, the participant's gaming score was reported 

along with the gaming time, resting time and absenteeism. The findings 

showed a substantial improvement in the balance scores after completion of 

the intervention and even the improvement in the balance score relative to the 

baseline score was sustained in the scores during the follow-up review. The 

author concluded that it is possible to use the Nintendo Wii system as an 

alternative to traditional PT but not as a primary treatment choice since there 

was very little carry-over to practical activities despite change in the balance 
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scores. Each participant was given the NDT programme for 30 minutes and 

each group was given their respective protocols for 20 minutes. 69  

 

18. The effect of Nintendo Wii-Fit video gaming on the rehabilitation of balance 

in children with CP was examined in a study. This study involved 2 groups of 

15 participants each and each group received NDT and Traditional 

Physiotherapy programme received by the control group and Wii Fit Balance 

Games were played by the experimental group during their intervention. Both 

groups were presented with an NDT protocol consisting of activities for Tone 

management, work that encourages the production of sense-perception-motor, 

stretching exercises, strength training, UE functional training, dressing and 

feeding. Participants of the CG programme carried out balancing board 

exercises with various surfaces, mat sports: kneeling and crawling games, 

trampoline activities: reach-outs, standing and jumping, weight changes, mini-

squats, stepping exercises, walking activities. During its recovery protocol, the 

Wii Fit gaming community played Wii Fit games. The Wii Fit gaming console 

was seen on a screen in a darkened room using the Acer XD 1150 projector. In 

each session, the participants played 4 games. To boost equilibrium, the games 

targeted tasks. During the intervention process, Ski Slalom games were played 

where participants attempt to save themselves from obstacles while doing 

slaloms. Tight rope walk (moving right and left) where the participant 

balances on the Board as if standing on the rope and attempting as much 

distance as possible to walk and cover (balancing in right and left directions to 

prevent falls), The player of the Tilt Table balance board attempts to guide 

balls through the holes with weight changes in all directions and the Soccer 
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heading game where the participant tries to hit the ball with the head and has 

to avoid obstacles. As the primary outcome measures, the Functional Reach 

Test, Sit-to-stand Test, TUG were used and the 10 Minute Walk 

Test(10MWT), Nintendo Wii Fit Balance ratings, 10- Step Climbing Test and 

Wee Functional Independence Measure (Wee FIM) were used as the 

secondary outcome measures for this analysis. The groups were identical at 

the baseline, as per the tests, at a 5 percent significance level. The intervention 

effects were statistically significant in terms of the difference in the effects on 

the outcome measures within and between groups, except for the Wee FIM 

and FRT transfers variable in the right side reach test, where the statistical 

evidence in both groups is not significant. 70  

 

19.  A study was conducted using Kinect gaming system for balance recovery in 

CP children. Participants played various games of various activities including 

Bowling, Wrestling, Track & Field (which included Sprint, Javelin, Long 

Jump, Discus and Hurdles), Soccer, Beach Volleyball, and Table Tennis. 

These games allowed the player to use their body movements including hitting 

a tennis ball, jumping, stepping in place, spinning and turning in place, 

stepping to stamp on an object, etc. to play games and control the avatar on the 

screen. This analysis shows a substantial enhancement in static and static 

dynamic balance shown by the enhancement of paediatric balance test scores 

and paediatric reach tests. Motor and processing skills assessment and the 

Gross Motor Function Measure (GMFM) showed progress in motor skills 

using gaming for recovery.71  
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As per the current literature review, it is distinct that there is inadequate 

evidence in the field of balance rehabilitation for younger children with 

NDDs. Also,  there  are  various  platforms  for  utilization  as  therapeutic  

medium  for  balance  rehabilitation but  the  critical  gap  in  knowledge  

translation  here  is  the  high  costs  and elaborate  requirements  for set  up  of  

the gaming  systems  which  are  documented  to  be  beneficial  for  

rehabilitation purposes. Most of the systems  cannot  be  transitioned  to home 

based therapy  for  long  term  rehabilitation program  due  to  accessibility 

and  affordability  concerns  of  the  target  population.  This necessitates 

development  of  a  platform  for  rehabilitation  which  is  affordable,  

accessible  and  user-friendly.  

 

Based on this information, we have developed a low cost, interactive, 

computer game-aided rehabilitation platform (GRP). It is extremely flexible; 

can combine many engaging, balance exercises with fun (cognitive) game 

activities. The main objective  of  this  study  is  to determine  the  

accessibility,  affordability  and  feasibility  of  the  use  of  this  GRP  for  

rehabilitation of balance  in  children  with  NDDs.  Thus the experimental 

group in this study will receive therapy program that focuses on balance 

training in diverse conditions and active participation of the participants via 

game play during usage of physical space in terms  of varied balance cost ( 

dual-tasking). 

Taking  roots  from  the  developmental  theory;72  the  protocol  will  be 

implemented  in  a progressive  manner  starting  from  targeting  
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improvement  in  sitting  balance  gradually  progressing to  standing  balance  

as  a  single  task;  progressing  to  dual-tasking  (foundation  from  dual-

tasking theories  to  enhance  motor learning) 73by  addition  of  performance  

of  computer aided  games while  balancing  over  different  surfaces  in  a  

graded  manner  ranging  from  fixed  even  surface  to uneven,  movable  and  

compliant  surfaces  (air  bladder,  sponge,  etc.)  to increase  the  balance  

cost. This pattern  of  progression  replicates  the  theory  of  developmental  

milestones  in  a  typical development  pattern.  The  theory  of  assimilation  

and  accommodation  gives  the  basis  for encouraging  the  participants  to  

be  exposed  to  various  environments  and  conditions  to  improve their  

learning  experience  of  balance  skills  as  planned  in  our  protocol.  We  

will  be  using  the insights  from  the  theory  stating  about  the  zone  of  

proximal  development  where  we  would  allow the  child  to  be  as  

independent  as  possible  but  make  sure  that  their  safety  would  not  be 

compromised.  Scaffolding (adjustment  that  the  participant  must  make)  

will  impose  the improvement  in  their  performance  and  hence  result  in  

motor  learning.74Appropriate  games  which  require  tracking  and  various  

visuomotor  cognitive  processing  or what  is  referred  to  as  dual-tasking  

will  be  used  for therapeutic  purposes.  There are  a  number  of common  

and  modern  computer games  for  this  purpose  to  meet  the  skill levels  and  

personal preferences of  each  child.  
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HYPOTHESIS 

Null Hypothesis: There will be no statistically significant difference of computer 

game based rehabilitation as compared to conventional physiotherapy treatment for 

balance in children with neurodevelopmental disorders. 

 

 

Alternate Hypothesis: There will be a statistically significant difference of computer 

game based rehabilitation as compared to conventional physiotherapy treatment for 

balance in children with neurodevelopmental disorders. 

 

 

 

 

 

 

 

 

 

 

 



METHODOLOGY 
 

 Page 64 
 

MATERIALS AND METHODOLOGY 

1. Gross Motor Function Measure- 88 

2. Pediatric Berg Balance Scale 

3. Modified Ashworth Scale of Spasticity 

4. Mini-Mental Scale Evaluation 

5. Gross Motor Function Classification System 

6. Computer Game-Aided Rehabilitation Platform 

7. FSA Pressure Mat- (Bodi- track) 

SOURCE OF DATA: 

Study subjects: 

1. Patients 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 Neurodevelopmental disorder by 

the medical practitioner. 

(2) Age group - 5-12 years of children with either gender. 

(3) GMFCS level - I to III 

(4) Modified Ashworth scale level- 1 to 1+, 2 in lower extremities 

(5) Mini Mental Scale Examination- >1075 

Exclusion Criteria: 

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

computer; 
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(2) Secondary orthopedic complications due to neurodevelopmental disorder (NDD) 

like fixed deformities of extremities and trunk. 

(3) Recent Botulinum toxin therapy (less than 6 months); 

(4) Recent Surgical intervention of upper extremity or lower extremity. 

(5) Cognitive impairment 

(6) Non willing parents, 

(7) Seizures (uncontrolled) 

(8) Complex communication disorders. 

 

Study area: 

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

Karnataka. 

2. Usha’s School for exceptional children, Hubli. 

Study period: 1 year 

 

METHODS OF COLLECTION OF DATA: 

Study design: An Exploratory Randomized Control Trial 76, 77  

Sample size: 30 

Experimental Group: 15 

Control Group: 15 

Sample size was calculated using G Power software using the test for analysis as t test 

that calculated the mean difference between 2 independent groups. Analysis used was 

a priori- compute required sample size. 78, 79  
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The Effect size was calculated on the basis of pilot study done on 06 participants 

where 03 participants were in the experimental group and 03 were in the control 

group for a period of one week. 

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

Analysis: A priori: Compute required sample size 

Input:  

Tail(s)                                                =  Two                                                                                                       

Effect size d = 1.3802688 

α err probability                                        =  0.05                                                                                     

Power (1-β err probability) = 0.95 

Allocation ratio N2/N1 = 1 

Output:  

Non-centrality parameter δ = 3.7800218 

Critical t                                                = 2.0484071                                                                                                      

Degree of freedom = 28 

Sample size group 1 = 15 

Sample size group 2 = 15 

Total sample size = 30 

Actual power = 0.9542465 

Sampling procedure: Sampling was done according to a simple randomization 

technique. The method of sampling used was random numbers table 80 through which 

randomly the samples went to the conventional therapy group and intervention group. 

The random number table has been attached in the annexure. 
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Method of drawing samples from a random number table- 

1. The position to start was selected randomly by random method. 

2. The number occurring at the same position in the table was then drawn. 

3. If the no. was chosen to move towards right, the numbers occurring at the 

positions i+1, i+2… were drawn to obtain random two digit numbers. 

4. If the same numbers or those from drawn occurred twice, only one occurrence 

from them was retained as per the requirement. 80 

Refer annexure X for random number table.  

Study Instrument 

1. Informed consent 

2. Data collection sheet 

3. Gross motor function measure (GMFM-88) 

4. Pediatric berg balance scale (PBS) 

5. FSA- Pressure Mat ( Bodi -track) 

6. Bolster 

7. Balance Disk 

8. Wobble Board 

9. Foam 

10. Neurofunction evaluation kit with neurofunction evaluation software, version 

1.88.16 

11. Commercial Games 
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Study Method: 

The following is the Experimental balance training protocol: 

 (1) Sitting Balance exercises while the child maintains sitting balance while playing 

the interactive computer games starting with bimanual object placed in hands for 

controlling the games, then using the head rotation movements to control the games 

and then progressing to use of trunk motions to control games while balancing on the 

compliant surface (balance disk); in order to progress by increasing the balance costs.  

(2) Progressing to standing Balance exercises, progressing from a fixed support 

surface to uneven and compliant support surfaces like progression from standing over 

ground then on sponge and then on air bladder as the child tolerates, i.e. increased 

balance costs. Refer figure 12, 13, 14 in the annexure XII  

(3) Progression then to balancing while performing the visuomotor and visuospatial 

game tasks such as playing the games starting with bimanual object placed in hands 

for controlling the games, then using the head rotation  movements to control the 

games and then progressing to use of trunk motions to control games while balancing 

on the compliant surface. Commercial games were used for the intervention. To begin 

with easy games were given, then progressing to difficult cognitive games. Refer 

figure 15 for commercial games in annexure XII. 

(4) Progression to single-leg stance and to stepping activities.  

The child was progressed from firm to compliant surfaces (foam, bladder disk, 

balance board) after observing his abilities to cope up with various surfaces. If the 

child was comfortable on firm surface, he was then treated on a compliant surface like 

foam, then taken on balance disk and finally on the balance board. 

Along with this, the participant was asked to play the commercial games. Easy 

cognitive games were given first, then progressing to difficult cognitive games. 
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Commercial games used for the intervention: 

Big Fish 

Game TM 

Axis Play Type Start 

Difficulty 

Distractor Executive 

Function 

Feeding 

Frenzy 

Variable Aim and 

Move 

High 

 

Yes Visual tracking 

and spatial 

Birds town Horizontal Match 3 Moderate No Matching 

Brave Piglet Vertical Shooting Moderate Yes Visual tracking 

and spatial 

Chicken 

Invaders 

Variable Shooting High Yes Search and 

select 

Aqua Ball Horizontal Brick 

buster 

Easy Yes Visual tracking 

and spatial 

 

Conventional physical therapy was tailor made, according to the child’s impairment 

which includes:  

1. Active-assisted stretching exercises for lower limb musculature focusing on 

postural control and improvement in dynamic stability 

2. Reach outs were given first on firm surface then progressing to compliant 

surfaces like the foam, balance disk and the balance board. 
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3. Initially reach outs were given in a single direction then progressing on to 

multidirectional reach outs. Stepping exercises in different directions on 

variety of surfaces.81, 82, 83  

 

Primary Outcome measures:  

1. PBBS is a clinical technique for evaluating steady state and anticipatory balance 

skills in children with neurological impairments. The cut off scores in typically 

developing children within the age group of 5 and 6 years must have scores of about 

50.8, 53.3 points and children with the age of 7 years and above must have cut off 

scores of 54.6.36 Testing of the Pediatric Berg Balance (PBS) reveals very high test 

retest and inter-rater reliability for children 5 to 15 years of age with mild to moderate 

motor impairments. The PBS may therefore provide clinicians with an additional, 

reliable means of assessing a child’s balance. 34 Refer annexure for the PBBS score 

sheet. Refer annexure VIII. 

2. GMFM: The GMFM is an observational clinical tool designed to evaluate change 

in gross motor function in children with CP aged between 5 months to 16 years. We 

will be using the sitting, crawling and kneeling, standing, walking and running 

components of the scale as our primary outcome measures of the study. Example 

tasks include catching and throwing a small sports ball, kicking a soccer ball in a 

particular direction. Standing on toes and one leg, walking a straight line for 10 

steps. Studies also suggest that GMFM tool can be used for children with Down’s 

syndrome and ADHD. Refer annexure for GMFM score sheet. 12, 13 Refer annexure 

VII for GMFM score sheet. 

file:///G:/PG%202%20THESIS/ARTICLES%20OF%20THESIS/ref%2034.pdf
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3. The Centre of foot pressure (COP) will be collected using a  flexible Force Sensor 

Array (FSA) Mat (Vista Medical, Sampling frequency  50 Hz) Total Sway Path 

Length (TLP) and the Root Mean Square (RMS)  of COP displacement in both the 

medial-lateral (ML) and anterior-posterior (AP) will be computed during the 

following tasks (task duration set at 20 seconds and 30 seconds). The foot center-of-

pressure (COP) position signal input was acquired via a flexible pressure mat (53 x53 

x 0.036 cm) containing a 16 x16 grid of piezoresistive sensors, each covering a 

surface area of 2.85 cm2 (FSA pressure mat, Vista Medical Ltd, Winnipeg, Manitoba, 

Canada). 35 Figure 3 presents a typical recording of the raw foot pressure signals and 

COP obtained from the FSA pressure mat. Figure 4 and 5 in annexure XII depicts the 

AP and ML displacement. 

 a) The four conditions of the modified Clinical Test of Sensory Integration in 

Balance (mCTSIB) eyes open and eyes closed on a normal  fixed surface and then on 

a compliant sponge surface (i.e. during increasing balance demands) 

b) During various visuomotor tracking and cognitive games tasks (i.e. dual task 

conditions) see below for description of these computer game tasks.  

4. Visuomotor tracking performance and visuomotor cognitive game performance will 

be tested under different balance conditions (balance demands). A computer 

application with two assessment modules has been developed to guide two 

standardized computer tasks, a) visuomotor tracking (VMT) and b) visuomotor 

cognitive (VMG) task. An in-expensive, commercial inertial based motion mouse 

(Therapy Mouse, Mobility Research, Az, USA) is secured to a sports cap or small 

plastic  head band which is to be worn by the children. The inertial mouse functions 

exactly as a standard optical computer mouse (figure 6, 8 in annexure XII). With this 
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simple method hands free head pointing movements (i.e. head rotation) is used to 

control motion of the onscreen computer cursor/game paddle. 

The experimental arm will receive the balance therapy protocol combined with 

computer gaming to encourage their active participation. Taking the roots from the 

developmental theory; 71the protocol will be implemented in a progressive manner 

starting from targeting improvement in sitting balance gradually progressing to  

standing balance as a single task; progressing to dual tasking (foundation from dual 

tasking theories to enhance motor-learning) 84 by addition of performance of computer 

aided games while balancing over different surfaces in a graded manner  ranging from 

fixed even surface to uneven, movable and compliant surfaces (air bladder, sponge, 

etc.) to increase the balance cost.  This pattern of progression replicates the theory of 

developmental milestones in a typical development pattern. The theory of assimilation 

and accommodation gives the basis for encouraging the participants to be exposed to 

various environments and conditions to improve their learning experience of balance 

skills as planned in our protocol. We will be using the insights from the theory stating 

about the zone of proximal development where we would allow the child to be as 

independent as possible but make sure that their safety would not be compromised. 

Scaffolding (adjustment that the participant must make) will impose the improvement 

in their performance and hence result in motor learning.85 Appropriate games which 

require tracking and various visuo-motor cognitive processing or what is referred to as 

dual tasking will be used for therapeutic purposes. There are a number of common 

and modern computer games for this purpose to meet the skill levels and 

personal preferences of each child. The list of commercial games has been described 

in the table. 
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Data collection: Ethical clearance was obtained by the Institutional Ethical 

Committee of SDM College of Medical Sciences and Hospital, Dharwad. The 

subjects diagnosed with Neurodevelopmental disorders by the pediatrician and 

referred to pediatric outpatient department of the hospital 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. 

Study analysis: 

1. Descriptive statistical factors were calculated such as median, range etc. 

2. The Kolmogorov-Smirnov test - used to check the normality of the data.  

3. Mann-Whitney test - used to determine the significant difference between the 

two groups. 

4. Wilcoxon test - used for within group analysis of the pre and post scores for 

all outcome measures. 
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Results 

Flow chart 4: Studies based on consolidated Standards of reporting 

Trials (CONSORT) 
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Table 01: Normality test using Kolmogorov-Smirnov 

 

Variable Time frame 
Experimental group  Control group  

z-value p-value z-value p-value 

GMFM 
Pre  0.304 0.009 0.347 0.001 

Post  0.276 0.030 0.311 0.002 

PBBS 
Pre  0.268 0.040 0.356 0.001 

Post  0.192 0.200 0.333 0.001 

Task 1  
Pre  0.221 0.181 0.216 0.129 

Post  0.394 0.001 0.216 0.129 

Task 2 
Pre  0.210 0.200 0.263 0.022 

Post  0.262 0.049 0.263 0.022 

Task 3 
Pre  0.231 0.139 0.219 0.118 

Post  0.191 0.200 0.219 0.118 

Task 5 
Pre  0.255 0.064 0.260 0.025 

Post  0.183 0.200 0.260 0.025 

SUCCESS 

RATE 

Pre  0.139 0.200 0.331 0.001 

Post  0.200 0.200 0.355 0.001 

MOVEMENT 

ERROR 

Pre  0.185 0.200 0.235 0.067 

Post  0.309 0.007 0.186 0.200 

AVERAGE 

RESIDUAL 

ERROR 

Pre  0.230 0.144 0.275 0.013 

Post  0.135 0.200 0.167 0.200 

 

 

All Variables in Data set are not normally distributed since the small sample 

Kolmogorov-Smirnov test has revealed significant outcome indicating non-normality 

of the data set 

 

The researcher thus applied non-parametric test for data analysis purpose. 
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Table 02 : Description of participants in each group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Description of 

Participants_NDD_Experimental group    
    

Diagnosis/Type of NDD Number GMFCS Gender 

Cerebral Palsy 10 Level I (05) Male-07 

  

Level II (03) Female-

03 

  Level III (02)  
  

 
 

Description of Participants_NDD_Control 

group  

 

 
  

 
 

Diagnosis/Type of NDD Number GMFCS Gender 

Cerebral Palsy 10 Level II (04) Male- 07 

  Level I (06) Female- 3 

ADHD 1 NA male 

Down's syndrome 1 NA male 
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Table 03 Gender distribution across both the groups 

Gender 

Group 

Total p-value 
Experimental Control 

Male 7 7 14 

0.571 Female 3 5 8 

Total 10 12 22 

 

 

Gender is homogeneous across both the groups as test outcome is not significant at 5% level  

(P-value > 0.05) 

 

Graph 01 
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Table 04 AGE DISTRIBUTION ACROSS GROUPS 

 

Variable Group Mean SD p-value 

Age 
Experimental 6.34 2.31 

0.994 
Control 6.33 2.17 

Age is homogenous across both the groups as test outcome is not significant at 5% 

level  

(p- Value > 0.05) 

 

 
 

 

Graph 02 
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Table 05 GMFCS LEVEL ACROSS GROUPS 

 
Variable Group Mean SD p-value 

GMFCS 
Experimental 1.70 0.82 

0.120 
Control 1.16 0.71 

 

Homogenous distribution among groups as p- value >0.05 

 

 

Graph 03 
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Table 06 MMSE SCORES ACROSS GROUPS 

 

Variable Group Mean SD p-value 

MMSE 
Experimental 21.80 7.58 

0.514 
Control 23.75 6.21 

 

Homogenous distribution among groups as p- value >0.514 

 

 

Graph 04 
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Table 07: Within group Pre and Post Scores Wilcoxon test for Control Group 

 

Variable 
Pre Post Diff % 

change 

Effect 

size 

z -

value 

p -

value Mean SD Mean SD Mean SD 

GMFM 
0.80 0.23 0.83 0.18 -0.03 0.06 3.75% 0.50 1.728 0.112 

PBBS 
34.42 9.57 34.92 9.92 -0.50 1.17 1.45% 0.43 1.483 0.166 

 

GMFM for control group showed not significant p- value >0.05 with value of 0.112 

PBBS for control group showed not significant as p-value >0.05 with value of 0.166 

 

 

Graph 05 
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 Table 08: Within group Pre and Post Scores Wilcoxon test of pressure mapping 

data of Control Group  

 

Variable 
Pre Post Diff % 

change 

Effect 

size 

z -

value 

p -

value Mean SD Mean SD Mean SD 

Task 1 
36.91 16.36 36.91 16.36 0 0 0 0 NA NA 

Task 2 
33.48 11.39 33.48 11.39 0 0 0 0 NA NA 

Task 3 
36.25 9.97 36.25 9.97 0 0 0 0 NA NA 

Task 4 
53.97 20.69 53.97 20.69 0 0 0 0 NA NA 

Task 1 – eyes open, Task 2- Eyes close, Task 3 – Visuo-motor tracking, Task 4- Cognitive game 

(difficult) 

All Tasks values indicated no changes post treatment and there is no medical outcome 

for the control group as its status quo with any changes post treatment. 

 

Graph 06 
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Table 09: Within group Pre and Post Scores Wilcoxon test of NFES of Control 

Group 

 

Variable 

Pre Post Diff % 

change 
Effec

t size 

z -

valu

e 

p -

valu

e 

Mea

n 
SD 

Mea

n 
SD 

Mea

n 
SD 

Success Rate 
18.39 

27.5

9 
30.00 

40.3

6 

-

11.61 

43.5

6 

63.13

% 
0.27 0.923 0.376 

Movement 

Error 

0.29 0.17 0.26 0.23 0.03 0.29 
10.34

% 
0.10 0.355 0.729 

Average  

Residual  

Error 

32.50 6.48 32.27 6.09 0.23 4.13 
0.7% 

0.06 0.193 0.851 

 

All three variables showed no significance with p- value>0.05. 

Graph 07 

 

PRE AND POST SCORES OF GAME VARIABLES FOR CONTROL GROUP 

 

 

 

 

 

 

0

5

10

15

20

25

30

35

Success Rate Movement Error Average Residual Error

18.39

0.29

32.5
30

0.26

32.27

Pre Post



RESULTS 

 

 Page 84 
 

 

Table 10: Within group Pre and Post Scores Wilcoxon test for Experiment 

Group 

 

Variable 
Pre Post Diff % 

change 

Effect 

size 

z -

value 

p -

value Mean SD Mean SD Mean SD 

GMFM 
0.78 0.22 0.84 0.20 -0.06 0.09 7.69% 0.60 1.890 0.091 

PBBS 
30.60 14.74 35.60 14.62 -5.00 3.37 16.34% 1.49 4.697 0.001* 

 

GMFM for experimental group not statistically significant as p >0.05 with value of 0.091 

PBBS for experimental group showed significance with p- value < 0.05 that is 0.001 

 

 

Graph 08 
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Table 11: Within group Pre and Post Scores Wilcoxon test for pressure mapping 

data of Experiment Group 

 

Variable 
Pre Post Diff % 

change 

Effect 

size 

z –

value 

p -

value Mean SD Mean SD Mean SD 

Task 1 
50.88 19.06 38.81 17.87 12.07 14.00 23.72% 0.86 2.726 0.023* 

Task 2 
57.79 26.04 45.05 18.78 12.75 13.62 22.06% 0.94 2.958 0.016* 

Task 3 
59.89 29.33 42.47 17.03 17.41 17.17 29.06% 1.01 3.207 0.011* 

Task 4 
64.69 19.38 45.80 20.86 18.89 12.47 29.20% 1.51 4.790 0.001* 

Task 1 – eyes open, Task 2- Eyes close, Task 3 – Visuo-motor tracking, Task 4- Cognitive game 

(difficult) 

Within group Pre and Post scores of all 4 tasks in experimental group showed significance 

with p- value <0.05. 
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Table 12: Within group Pre and Post Scores Wilcoxon test for NFES of 

Experiment Group 

 

Variable 

Pre Post Diff % 

chang

e 

Effec

t size 

z -

valu

e 

p -

valu

e 

Mea

n 
SD 

Mea

n 
SD 

Mea

n 
SD 

Success Rate 
44.29 

37.0

6 
44.42 

27.2

3 
-0.13 

56.6

3 

0.3% 
0.01 0.007 0.994 

Movement 

Error 

0.18 0.17 0.12 0.09 0.06 0.11 33.3% 0.57 1.804 0.105 

Average  

Residual  

Error 

30.24 7.42 28.36 8.02 1.88 3.11 
6.21% 

0.60 1.911 0.088 

 

All three variables in control group showed no significance with p value>0.05 

Graph 10 
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Table 13: Between groups Mann Whitney test for baseline or pre values  

Variable Group Mean SD p-value   

GMFM 

Experimental 
0.78 0.22 

0.827 
Control 

0.80 0.23 

PBBS 

Experimental 
30.60 14.74 

0.492 
Control 

34.42 9.57 

Insignificant outcome for both of the variables in pre values which is insignificant and 

group Experimental was better than the group control on the basis of lower mean values 

 

Graph 11 
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 Table 14: Between groups Mann Whitney test for post values  

Variable Group Mean SD p-value   

GMFM 
Experimental 0.84 0.20   

0.929  
Control 0.83 0.18 

PBBS 
Experimental 35.60 14.62  0.898 

  
Control 34.92 9.92 

Insignificant outcome for both of the variables in post values which is insignificant 

and group Experimental was better than the group control on the basis of higher mean 

values post intervention. 

Graph 12 

 

BETWEEN GROUP POST VALUES FOR GMFM AND PBBS  

0

5

10

15

20

25

30

35

40

Experimental Control Experimental Control

GMFM PBBS

0.84 0.83

35.6 34.92



RESULTS 

 

 Page 89 
 

 Table 15: Between groups Mann Whitney test for baseline or pre values of pressure 

mapping data 

Variable Group Mean SD p-value   

Task1 

Experimental 
50.88 19.06 

0.079 
Control 

36.91 16.36 

Task2 

Experimental 
57.79 26.04 

0.008* 
Control 

33.48 11.39 

Task3 

Experimental 
59.89 29.33 

0.016* 
Control 

36.25 9.97 

Task4 

Experimental 
64.69 19.38 

0.227 
Control 

53.97 20.69 

Task 1 – eyes open, Task 2- Eyes close, Task 3 – Visuo-motor tracking, Task 4- Cognitive game 

(difficult) 

Significant outcome for task 2 and 3 of the variables in pre values which is significant 

and group Experimental was better than the group control on the basis of higher mean 

values. 

Rest variables are insignificant as p-value is more than 0.05 level  

Graph 13 
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Table 16: Between groups Mann Whitney test for post values of pressure mapping data 

Variable Group Mean SD p-value   

Task1 
Experimental 38.81 17.87 

 0.079  
Control 51.80 15.11 

Task2 
Experimental 45.05 18.78 

 0.983 
Control 45.23 19.48 

Task3 
Experimental 42.47 17.03 

 0.421 
Control 49.76 23.34 

Task4 
Experimental 45.80 20.86 

 0.178  
Control 64.94 38.79 

Task 1 – Eyes open, Task 2- Eyes close, Task 3 – Visuo-motor tracking, Task 4- Cognitive game 

(difficult) 

Insignificant outcome for task variables in post values which is insignificant and 

group Experimental was better than the group control on the basis of lower mean values 

post intervention. 

 

Graph 14 
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Table 17: Between groups Mann Whitney test for baseline or pre values of NFES data 

Variable Group Mean SD p-value   

Success 

Rate 

Experimental 
44.29 37.06 

0.075 
Control 

18.39 27.59 

Movement 

Error 

Experimental 
0.18 0.17 

0.152 
Control 

0.29 0.17 

Average  

Residual  

Error 

Experimental 
30.24 7.42 

0.454 
Control 

32.50 6.48 

Differences in both the groups were not significant in this variable. 

 

Graph 15 
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Table 18: Between groups Mann Whitney test for post values NFES data 

Variable Group Mean SD p-value   

Success 

Rate 

Experimental 44.42 27.23 
 0.348 

Control 30.00 40.36 

Movement 

Error 

Experimental 0.12 0.09 
 0.090 

Control 0.26 0.23 

Average  

Residual  

Error 

Experimental 28.36 8.02 
 0.209 

Control 32.27 6.09 

Differences in both the groups were not significant 

Graph 16 
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Interpretation of results 

 

In this study the statistical analysis was done using SPSS version 23.0 (Statistical 

Package for Social Science Version of 23.0). 

The Kolmogorov-Smirnov test was used to check the normality of the data (table 

01). It is used to compare the data to normal distribution. All variables in the data set 

were not normally distributed since the small sample Kolmogorov-Smirnov test had 

revealed significant outcome indicating non-normality of the data set. Thus non-

parametric test for data analysis was used.  

For between group analysis of the baseline and the post values of all the outcome 

measures, Mann-Whitney test was used to determine the significant difference 

between the two groups. 

For within group analysis of the pre and post scores of all outcome measures, 

Wilcoxon test was used for both experimental and the control group. 

Table 02 depicts the distribution of participants. There were two groups considered in 

our study, group 1 was experimental group and group 2 was the control group. 

In the experimental group, 10 participants were assessed and all the 10 participants 

were diagnosed with cerebral palsy. 05 participants had GMFCS level I, 03 were 

GMFCS level II and 02 participants were level III. 07 participants were male and 03 

participants were female. 

In the control group, 12 participants were assessed out of which 10 participants were 

diagnosed with cerebral palsy, 01 child was diagnosed with Down’s syndrome and 01 

participant was diagnosed with ADHD. 04 participants had GMFCS level II and 06 

were GMFCS level I. In this group 07 participants were male and 05 participants were 

female 

Table 3, 4, 5 shows the homogenous distribution of gender, age and GMFCS level 

across the groups respectively. 

  

For between group analyses of the baseline values of GMFM and PBBS (table 13, 

graph 11), Mann-Whitney 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 not significant as GMFM p- value 0.827> 0.05 showed insignificant 

outcome for GMFM and PBBS p- value0.492 >0.05 which is insignificant  

For between group analyses for the post values of GMFM and PBBS (table 14, 

graph 12), Mann-Whitney 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 not significant with p- value 0.929>0.05 and PBBS with p-value 

0.898 > 0.05. Experimental was better than the group control on the basis of higher 

mean values post intervention. GMFM experimental and control post mean values- 

0.84 and 0.83 respectively. PBBS experimental and control post mean values- 35.60 

and 34.92 respectively. 
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For between group analyses of baseline values of task variables (table 15, graph 

13), Mann-Whitney 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 for Task 2 & Task 3 as Mann-Whitney test did show significant 

outcome for both of the variables in pre values which is significant and group 

Experimental was better than the group control on the basis of higher mean values. 

Rest variables are insignificant as p-value is more than 0.05 level. Task 2 and task 3 

p- values- 0.008 and 0.016 which shows significance.  

For between group analyses of post values of task variables (table 16, graph 14), 

Mann-Whitney 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 

not significant. Task 1, 2, 3, 4 with p- values 0.079, 0.983, 0.421, and 0.178 

respectively. Experimental was better than the group control on the basis of lower 

mean values post intervention.  

For between group analyses of baseline values for game variables (table 17, graph 

15), Mann-Whitney 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 not significant as Mann-Whitney test did show insignificant outcome for both of 

the variables in pre values. The p- value for the success rate, movement error and 

average residual error was 0.075, 0.152and 0.454 respectively which was 

insignificant.  

For between group analyses of post values for game data variables (table 18, 

graph 16), Mann-Whitney 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 not significant. The p- values for the success rate, movement error 

and average residual error was 0.348, 0.09 and 0.209. 

In table 08, graph 06, in the control group, GMFM 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 

has increased after the medical intervention which is the desired condition for the 

treatment outcome. The effect size or Cohen’s D indicates 0.50 value which is 

assumed to be moderate in effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level(i.e. 0.112> 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 
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In table 08, graph 06, in the control group, PBBS mean value indicated changes post 

treatment and higher values are recorded for post treatment outcome and also the 

standard deviation shows limited consistency with post treatment value which is more 

than pre treatment value. The mean difference is negative indicating post treatment 

score has increased after the medical intervention which is the desired condition for 

the treatment outcome. The effect size or Cohen’s D indicates 0.43 value which is 

assumed to be moderate in effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level (i.e. 0.166 > 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 
 

In table 07, graph 05, of the experimental group, GMFM 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 has increased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 0.60 

value which is assumed to be moderate in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 

level, there is an insignificant statistical reliable difference between the pre & post 

treatment values with p-value is more than the 5% significance level(i.e. 0.091 > 0.05) 

in the study and therefore it justifies the non-improvements in health outcome post 

intervention. 
 

In table 07, graph 05, of the experimental group, PBBS 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 has increased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 1.49 

value which is assumed to be very high in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 

level, there is a significant statistical reliable difference between the pre & post 

treatment values with p-value is less than the 5% significance level(i.e. 0.001 < 0.05) 

in the study and therefore it justifies the improvements in health outcome post 

intervention. 
 

 

In the table 09, graph 07, of the experimental group, Task 1 mean value indicated 

changes post treatment and lower 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 positive indicating post 

treatment score has decreased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 0.86 

value which is assumed to be high in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 
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level, there is a significant statistical reliable difference between the pre & post 

treatment values with p-value is less than the 5% significance level(i.e. 0.023 < 0.05) 

in the study and therefore it justifies the improvements in health outcome post 

intervention. 
 

In the table 09, graph 07, of the experimental group, Task 2 mean value indicated 

changes post treatment and lower 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 positive indicating post 

treatment score has decreased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 0.94 

value which is assumed to be high in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 

level, there is a significant statistical reliable difference between the pre & post 

treatment values with p-value is less than the 5% significance level(i.e. 0.016 < 0.05) 

in the study and therefore it justifies the improvements in health outcome post 

intervention. 
 

In the table 09, graph 07, of the experimental group, Task 3 mean value indicated 

changes post treatment and lower 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 positive indicating post 

treatment score has decreased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 1.01 

value which is assumed to be high in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 

level, there is a significant statistical reliable difference between the pre & post 

treatment values with p-value is less than the 5% significance level(i.e. 0.011< 0.05) 

in the study and therefore it justifies the improvements in health outcome post 

intervention. 

 

 

In the table 09, graph 07, of the experimental group, Task 4 mean value indicated 

changes post treatment and lower values are recorded for post treatment outcome and 

also the standard deviation shows limited consistency with post treatment value which 

is more than pre treatment value. The mean difference is positive indicating post 

treatment score has decreased after the medical intervention which is the desired 

condition for the treatment outcome. The effect size or Cohen’s D indicates 1.51 

value which is assumed to be high in effect size as per the standard parameters of 

reference. Based on the results of the paired Wilcoxon test analysis at 5% significance 

level, there is a significant statistical reliable difference between the pre & post 

treatment values with p-value is less than the 5% significance level(i.e. 0.001 < 0.05) 

in the study and therefore it justifies the improvements in health outcome post 

intervention. 

 

In table 10, graph 08, of the control group, all Tasks values indicated no changes 

post treatment and there is no medical outcome for the control group as its status quo 

with any changes post treatment. 
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In table 11, graph 09, of the experimental group, Success Rate 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 has decreased after 

the medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.01value which is assumed to be very low in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is morethan the 5% significance level(i.e. 0.994> 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 

In table 11, graph 09, of the experimental group, Movement Error mean value 

indicated changes post treatment and lower 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 positive indicating post treatment score has decreased after the 

medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.57 value which is assumed to be moderate in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level (i.e. 0.105 > 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 

In table 11, graph 09, of the experimental group, Average residual error mean value 

indicated changes post treatment and lower values are recorded for post treatment 

outcome and also the standard deviation shows limited consistency with post 

treatment value which is more than pre treatment value. 

The mean difference is positive indicating post treatment score has decreased after the 

medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.60 value which is assumed to be moderate in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level (i.e. 0.088> 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 

 

In table 12, graph 10, of the control group, Success Rate mean value indicated 

changes post treatment and higher values are recorded for post treatment outcome and 
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also the standard deviation shows limited consistency with post treatment value which 

is higher than pretreatment value. 

The mean difference is negative indicating post treatment score has decreased after 

the medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.27 value which is assumed to be very low in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level(i.e. 0.376 > 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 

In table 12, graph 10, of the control group, Movement Error mean value indicated 

changes post treatment and lower values are recorded for post treatment outcome and 

also the standard deviation shows limited consistency with post treatment value which 

is more than pretreatment value. 

The mean difference is positive indicating post treatment score has decreased after the 

medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.10 value which is assumed to be very low in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level(i.e. 0.729> 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 

In table 12, graph 10, of the control group, Average Residual error mean value 

indicated changes post treatment and lower values are recorded for post treatment 

outcome and also the standard deviation shows consistency with post treatment value 

which is less than pretreatment value. 

The mean difference is positive indicating post treatment score has decreased after the 

medical intervention which is the desired condition for the treatment outcome 

The effect size or Cohen’s D indicates 0.7 value which is assumed to be moderate in 

effect size as per the standard parameters of reference. 

Based on the results of the paired Wilcoxon test analysis at 5% significance level, 

there is an insignificant statistical reliable difference between the pre & post treatment 

values with p-value is more than the 5% significance level(i.e. 0.851 > 0.05) in the 

study and therefore it justifies the non-improvements in health outcome post 

intervention. 
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DISCUSSION 

The present study was conducted to study the effectiveness of Computer- Game 

Aided rehabilitation versus Conventional Physiotherapy treatment for balance and to 

assess the feasibility of application of Computer game-based rehabilitation 

for balance in children with neurodevelopmental disorders on a total of 22 

participants between the age group of 5 to 12 years and the participants who were 

fulfilling the eligibility criteria were enrolled in the study.  

There were two groups considered in our study, group 1 was experimental group and 

group 2 was the control group (refer the CONSORT chart for the description of the 

participants). Out of 22 participants enrolled in our study, there was male 

predominance where 14 participants were male and 8 were female (table 03) this is in 

line with previous studies, where male gender has been identified as an independent 

risk factor for CP and adverse neurodevelopmental outcomes. In the previous studies 

on CP showed male preponderance. 86, 87 Our study was done on 22 NDD children 

within the age group of 5 to 12 years, of the 20 participants with CP, 11 participants 

were of GMFCS level I, 07 participants were of GMFCS level II and 02 participants 

were of GMFCS level III (table 02). Previous studies suggest that GMFCS level I and 

II are more common than level III in CP. 88  

Thus our study also shows distribution of GMFCS level I being higher than level II 

and level III in children with CP.  

In our study out of 22 participants, 20 children were diagnosed with CP, 01 

participant was diagnosed with Down’s syndrome and 01 participant was diagnosed 

with ADHD. The participant with ADHD showed milder symptoms and did not have 

a confirmed diagnosis of it. As he showed mild balance deficits after our evaluation, 
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he was included in this study. Previous studies which suggest that cerebral palsy have 

the highest prevalence and are most frequently occurring among other NDDs. 7  

 

GMFM change from pre to post within control group (table 07, graph 05) showed 

insignificant results with p- value >0.05 with value of 0.112, although there was an 

increase in score from pre to post with 3.75% change and effect size value 0.50. 

Similar findings were reported by a previous study which compared conventional 

physiotherapy treatment with virtual reality, a 10 week protocol which where the 

mean age was 5 years. The authors included only dimension D and E of the GMFM 

scale. This study also showed an increase in GMFM score from pre to post in the 

conventional physiotherapy group with the percentage change being 9.21% in 

dimension D and 4.95% in dimension E. Thus this study also had pre to post change 

in GMFM scores in the control group. 89  

PBBS change from pre to post within control group (table 07, graph 05) showed 

insignificant results as p-value >0.05 with value of 0.166, although there was some 

change seen from pre to post with change of 1.45%and effect size of 0.43. Similar 

findings were reported by previous studies done on children between the age group of 

6 to 14 years. It was a 12 week protocol which compared Nintendo Wii training with 

conventional PT treatment where conventional group pre to post values for PBBS had 

percentage change of 0.46% thus having pre to post change in the PBBS scores.90  

In the pressure mat data (table 08, graph 06) there was no change observed from pre 

to post in the control group. In the game data variables within the control group 

(table 09 graph 07), success rate, movement error and average residual error all three 

variables have shown insignificant results with p- value >0.05 and percentage change 

being 63.13%,10.34% and 0.7% respectively. The possible explanation for the 



DISCUSSION 
 

 Page 101 
 

insignificant results observed in the NFE data is because the control group barely 

practiced dual-tasking during their intervention.  

The balance performance change in the control group was not as enormous as the 

participants struggled to stay motivated throughout the session and study duration, as 

they had to perform all the similar tasks with no engagement factors involved.  

 

GMFM change from pre to post within experimental group (table 10, graph 8) 

showed insignificant results with p-value 0.091>0.05. But there were evident changes 

observed in the GMFM values pre to post intervention with percentage change of 

7.69% and effect size of 0.60.  

PBBS change from pre to post within experimental group (table 10, graph 8) 

showed highly significant results as p-value 0.01<0.05, the percentage change was 

also higher (16.34%) with effect size of 1.49. Thus within group pre to post PBBS 

values of experimental group also had good amount of change. 

Significant changes were observed in the pre to post values of pressure mapping 

data in the experimental group (table 11, graph 09). All the 4 tasks showed 

significant pre to post changes with p-value of all the tasks being <0.05 and good 

amount of percentage change (23.72%, 22.06%, 29.06%, 29.20%) for task 1, 2, 3, 4 

respectively. In the game data variables within the experimental group (table 12, 

graph 10), success rate, movement error and average residual error all three variables 

have shown insignificant results with p- value >0.05 and percentage change being 

0.3%, 33.3%, 6.21% respectively. 

CGR is a novel concept and there are no previous studies where similar platform was 

used for balance in children with NDDs using GMFM and PBBS as outcome 
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measures along with Pressure mat and NFE data. When we consider studies where 

technological based rehabilitation like virtual reality, Nintendo- Wii fit gaming 

systems are used for treating balance in children, they show that the experimental 

group engaging gaming platform have shown better GMFM changes in the 

experimental group. A study which included a 10 week protocol on children with 

mean age of 5 years used virtual reality as a treatment platform for experimental 

group, evaluated dimension D and E of the GMFM scale and this showed percentage 

change of 8.93% and 6.48% in dimension D and E respectively. Whereas in our study 

we considered all the dimensions of GMFM and the % change in the experimental 

group was 7.69%. Thus change in pre to post scores was evident in previous study 

also which used technological based rehabilitation. 89 Previous studies also depict that 

the group engaging gaming platform have shown better PBBS changes in within 

group. This study having a 12 week protocol involved children between the age group 

of 6 to 12 years. This study concluded that Nintendo Wii training had good pre to post 

change in PBBS scores with the % change being 3.08%. Whereas in our study we saw 

% change of 16.34%.Thus Computer game based rehabilitation has shown better 

changes than the Nintendo Wii training in terms of the % changes.90 There was a case 

study conducted on adults using the FSA pressure mat to evaluate the COP sway path 

while the participant played the games. 91 This study also showed decreased sway post 

exercise that is in when patient stood on firm surface with eyes closed the %change 

was 27.2 %and when the participant stood on foam surface the %change was 25% 

whereas in our study the %change in these two components was 22.06% and 29.06% 

respectively. 

The pressure mapping results of the study demonstrated a clear improvement of the 

study participants in experimental group, from pre to post. This impact was observed 
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in experimental group due to the impact of repetitive, task-specific, goal-oriented 

balance training in these participants. This resulted from being engaged in the game 

performance throughout their treatment duration. This gave them a good experience in 

performance of visuomotor processing simultaneously while balancing on difficult 

compliant surfaces. 

 

The result for GMFM and PBBS change from pre to post between groups (table 

14, graph 12) was Insignificant for both of the variables in post values but  was 

observed that Experimental was better than the control group on the basis of higher 

mean values post intervention. The previous study also depicts that GMFM and PBBS 

scores were insignificant but were comparatively better in the group which used 

virtual reality and Nintendo Wii fit gaming platform for the experimental group. 

These studies also concluded that technologically based rehabilitation like virtual 

reality must be used along with traditional physiotherapy treatment to enhance the 

intensity of exercises to give better results. 89, 90  

When observed for post changes in pressure mapping data in between groups 

(table 16, graph 14) insignificant outcome for task variables in post values was 

observed. Experimental group was better than the group control on the basis of lower 

mean values post intervention. 

When observed for post treatment values for game variables in between groups 

(table 18, graph 16), differences in both the groups were not significant. The post 

success rate and average residual error values in the experimental group was better 

than the control group. 
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The experimental group as compared to the conventional group demonstrated 

a huge impact as the participants were more engaged due to the use of appropriate 

therapy games adding the fun factor in their training protocol. This gave them a sense 

of satisfaction in therapy as they gained experience of game performance with 

colorful backgrounds and attractive characters. The balance performance change in 

the control group was not as enormous as the participants struggled to stay motivated 

throughout the session and study duration, as they had to perform all the similar tasks 

with no engagement factors involved. 

The visuomotor tracking performance results demonstrated a decline in the average 

residual error as expected in the experimental group (6.21% change in experimental 

group, 0.7% change in control group). This resulted from being engaged in the game 

performance throughout their treatment duration. This gave them a good experience in 

performance of visuomotor processing simultaneously while balancing on difficult 

compliant surfaces. On the other hand, the conventional training does not include 

higher level of visuomotor tracking performance as the participants are performing 

their balance training without simultaneous tracking and no dual-task involvement.  

The cognitive game performance demonstrated the similar trend as the experimental 

group was trained efficiently in dual-tasking throughout the intervention duration and 

the control group barely practiced dual-tasking during their intervention.  

 

Emerging game-based rehabilitation technologies have the potential to improve child 

participation in repetitive task practice, and therefore, enhance function. The purpose 

of the study was to provide evidence of the therapeutic value of CGR to improve 

balance for children with NDD. CGR is designed to be used with modern, common 

computer games, which are low-cost and easily available. Commercial games offer a 
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wide range of levels of precision and movements that vary in speed, amplitude, 

direction, and accuracy. There is also a wide range of executive cognitive activities 

available in commercial games for children. It is important to have a large variety of 

exercise and cognitive activities in games to maintain high levels of motivation and 

interest among participating children. Knowledge of the therapeutic value allows the 

therapist to prescribe an integrated program to target specific goals. 

In summary, these findings demonstrated that graded, dynamic balance exercises on 

different surfaces could feasibly be coupled with video game tasks. In evaluating the 

study outcome measures, participants in the experimental group performed better than 

those in the control group. This finding was due to the experimental exercise 

regimen’s numerous advantages over the control treatment program: (1)the use of 

various surfaces like foam, balance disk, balance board enabled the participant to 

better deal with unpredictable surfaces (ground reaction forces); (2) the movements 

required to hit the target in the commercial game were random and varied in direction, 

amplitude, and precision; and (3) the experimental tasks had difficulty levels that 

could be manipulated to meet and challenge the performance of each individual. 

Therefore, the child must learn to create timely, goal-directed shifts in the COP 

trajectory in response to more dynamic movement requirements.  
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LIMITATIONS OF THE STUDY 

• The pressure mat data values may be compared with the normative data 

scores. 

• Other limitation of the CGR is that it requires an inertial-based (IB) computer 

mouse and a computer. The IB mouse detects angular motion; therefore, it is 

not possible to practice tasks that require only linear motion.  

• The carry over effect was not evaluated in this study. 
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FUTURE SCOPE OF THE STUDY 

• Multicenter Randomized control trials may be conducted to evaluate the 

effectiveness of this novice computer game based rehabilitation platform in 

children with neurodevelopmental disorders. 

• The carry over effects can be evaluated and the interventions may be 

prolonged for 12 to 16 weeks to evaluate its clinical effectiveness. 

• Further studies can also be conducted to observe the combined effect of CGR 

and traditional physiotherapy treatment for balance in children with NDDs. 
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CONCLUSION 

Total 22 children of age group 5 to 12 years were evaluated into two groups. Group 1 

received computer game based rehabilitation whereas group 2 received conventional 

physical therapy for 8 weeks. There was no statistical change found within group 2 

for all the outcome measures. In Group 1, there were statistical significant changes 

observed from pre to post values for PBBS, pressure mapping data and NFE data. In 

case of comparison between groups, there was no statistical significance noted for all 

the outcome measures but evident changes from pre to post were observed in the CGR 

group than the conventional group. Thus ours was a feasibility study where CGR 

group performed better than the control group and further studies can be conducted to 

see the combined effect of CGR with traditional physiotherapy treatment for balance 

in children with NDDs. Further from this feasibility study, multi center randomized 

control trials can be conducted. 
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SUMMARY 

This study was conducted to evaluate the effectiveness of computer game based 

rehabilitation on balance in children with neurodevelopmental disorders. Total of 30 

children were allocated out of which 8 participants lost to follow-up due to Covid- 19 

pandemic; although recruited initially. Total 22 children were statistically analyzed. 

Age 5 to 12 years with diagnosed cases of NDD, having balance issues and referred 

by pediatrician both male and female were randomly allocated into two groups and 

assessed after obtaining consent from parents. The protocol for conventional group 

included single and multidirectional reach outs on firm surfaces then progressing to 

compliant surfaces whereas the experimental group was trained for balance using 

computer games while standing on firm surfaces and then on compliant surfaces like 

sponge/foam, balance disk and balance board that is the concept of dual-tasking was 

implemented. The children were assessed for balance on the basis of outcome 

measures like GMFM, PBBS, Pressure mapping data and NFE software data. 

Statistical analysis was done using SPSS version 23.00. There was a statistical 

significant difference found within group 1 with p-value of 0.001, 0.023, 0.016, 0.011, 

and 0.001 for PBBS, pressure mapping data of task 1, 2, 3 and 4 respectively whereas 

there was no statistical significance found in group 2. Between groups, statistical 

difference was not found among any variables, but mean change in scores were better 

in group 1 than group 2. Thus in this feasibility study we observed that CGR group 

performed better than the control group. Further multi-centered RCTs can be 

conducted to see the effectiveness of CGR on children with NDDs.  
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ANNEXURE IV 

Information sheet for the parents/guardian of the participants 

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 Computer Game-Aided 

Rehabilitation Versus Conventional Physiotherapy Treatment for 

Balance in Children with Neurodevelopmental Disorders – An 

Exploratory Randomized Control Trial 

 

Department and institute- 

SDM College of Physiotherapy, Sattur, Dharwad. 

 

Name of the investigator- DEEPTHI R. SHETTY 
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Purpose of this study- The study in which your child will be 

participating is designed to examine the effectiveness and usefulness of 

two different exercise programs in children with Neurodevelopmental 

delay. We have developed a Computer game-aided rehabilitation 

platform for young children who have difficulty in maintaining their 

balance for activities of daily living, recreational play and other forms of 

social participation due to effects of the neurological deficits. 

This is based on an interactive exercise and educational computer gaming 

system. It uses computer games that: (a) make 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 new interactive exercise and education computer gaming system with 

children aged 5-12 years diagnosed with Neurodevelopmental disorder. 

Selection procedure of participants:  

All the participants who are diagnosed with Neurodevelopmental 

Disorder and who are registered in the outpatient department of Paediatric 

Physiotherapy at S.D.M. Hospital Dharwad and from Usha’s School for 

exceptional children, Hubli will be included in the study. 

Inclusion Criteria:          
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1. Children with confirmed medical diagnosis of Neurodevelopmental 

disorder by medical practitioner. 

2. Age group - 5-12 years of children with either gender 

3. GMFCS level – I to III 

4. Modified Ashworth scale level -1 to 1+2 

5. MMSE- >10 

Exclusion Criteria:          

1. Visual or auditory impairment such that they cannot see and 

interact with the computer; 

2. Secondary orthopedic complications due to Neurodevelopmental 

disease                           (NDD) liked fixed deformities of 

extremities and trunk. 

3. Recent Botulinum toxin therapy (less than 6 months); 

4. Recent Surgical intervention of upper extremity or lower extremity 

5. Cognitive impairment 

6. Non willing parents, 

7. Seizures (uncontrolled) 

8. Complex  communication disorders. 
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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 15 participants in the 

experimental and 15 in the control group. Children assigned to the 

experimental group will be asked to play 4-5 interactive educational 

computer games 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 

Stretching Exercises, Reaching Activities, Balance and Weight Bearing 

Exercises, stepping Exercises and Weight Transfer Exercises. 

 

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 balance 

control 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 
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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. 

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 Deepthi Shetty (vani.ravishetty@gmail.com). You may 

also contact the office of the department of physiotherapy, Manjushree 

Nagar, Sattur, Dharwad (0836-2462253). 

 

For any study related queries you are free to contact: 

Name of contact person with official address 

DEEPTHI R. SHETTY 

SDM College of Physiotherapy, 

Manjushree Nagar, Sattur. 

Dharwad- 580009 

Karnataka, India 

Mobile No. 7411694541 

Email: vani.ravishetty@gmail.com 

mailto:vani.ravishetty@gmail.com
mailto:vani.ravishetty@gmail.com
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PLACE-____________________ 

SIGNATURE OF INVESTIGATOR- ____________________ 

DATE- _______________ 

SIGNATURE OF PARENT- _______________________ 
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ANNEXURE V 

CONSENT FORM 

Title of the study: Effectiveness of Computer Game-Aided 

Rehabilitation Versus Conventional Physiotherapy Treatment for 

Balance in Children with Neurodevelopmental Disorders – An 

Exploratory 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 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 be 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:_______________________ 
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SON / DAUGHTER OF: __________________________ 

POSTAL ADDRESS: ____________________________ 

______________________________________________ 

This is to certify that following consent has been taken in my presence. 

Witness: __________________                                                                                                                                                                                                                                 

Date: ______________ 

Sign: ____________________                                                                                                                                                                                                                                          

Place: ______________ 
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ANNEXURE VI 

Effectiveness of Computer Game-Aided Rehabilitation Versus 

Conventional Physiotherapy Treatment for Balance in Children with 

Neurodevelopmental Disorder – An Exploratory Randomized 

Control Trial 

Demographic Data Sheet 

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: 
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Page 2: Assessment Sheet 

Trunk impairment scale for children score: 

GMFCS Level: 

Mini mental state examination scale for Children Score: 

Ashworth scale grading for spasticity of LL: 

Muscles  0 4 8 

Hip Flexors    

Extensors    

Knee Flexors    

Extensors    

Ankle Flexors    

Extensors    
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 0 Week 4 Week 8 Week 

PBS Scores    

GMFM-88 Scores    

CGR 

Scores 

Games Values F C F C F C 

Visuo-

motor 

Tracking 

TRE       

Cognitive 

Game(easy) 

RT       

MV       

SR       

Cognitive 

Game 2 

(difficult) 

RT       

MV       

SR       

 

 

Centre of Pressure Analysis: 
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Task Condition File name Time 

Duration 

Fall 

Detection 

Comments 

Standing on 

fixed 

surface 

Eyes Open __F_EO_PR

E 

20 sec   

Standing on 

fixed 

surface 

Eyes Closed __F_EC_PR

E 

20 sec   

Standing on 

fixed 

surface 

Visuo- Motor 

Game 

(Tracking) 

__F_VM_P

RE 

20 sec   

Standing on 

fixed 

surface 

Cognitive 

Game 1 

__F_CG1_P

RE 

20 sec   

Standing on 

fixed surface 

Cognitive 

Game 2 

__F_CG2_P

RE 

20 sec   
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Standing on 

Compliant surface 

Eyes Open __F_EO_PRE 20 sec   

Standing on 

Compliant surface 

Eyes 

Closed 

__F_EC_PRE 20 sec   

Standing on 

Compliant surface 

Visuo- 

Motor 

Game 

(Tracking) 

__F_VM_PR

E 

20 sec   

Standing on 

Compliant surface 

Cognitive 

Game 1 

__F_CG1_PR

E 

20 sec   

Standing on 

Compliant surface 

Cognitive 

Game 2 

__F_CG2_PR

E 

20 sec   

 

         Date                                                                                                                                                                                                               

Therapist Signature 

 

Pre Evaluation (Week 0)-  

Post 4 Weeks Evaluation – 

Post 8 Weeks Evaluation - 
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Treatment Record Sheet 

Session Date: 

Surface Movement Game File 

Name 

Mouse 

Placement 

Time 

Duration 

Comments 
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ANNEXURE VII 

GROSS MOTOR FUNCTION MEASURE-88 
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ANNEXURE VIII 

PAEDIATRIC BERG BALANCE SCALE 
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ANNEXURES 
 

 Page 151 
 

ANNEXURE IX 
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Consent form 
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GMFM 

 

 

Pediatric berg balance scale 
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ANNEXURE X 

Simple random table  

 

 

 

 

 

799 512 748 721 626 548 059 831 039 969 28 2776 466 327 147 967 511968 607 430 9715 

09 325 888 763 692 556 014 003 744 093 752 984 955 140 958 619 868 590 911 456 872 738 

316 569 864 690830 627 370 786 494 505 946 283 862 726 170 032 779 844 067 846 174 

018 898 493 604 155 362 733 445 672347 924 765 987 133 788 478 204 080 073 043 625 

586 588 443 195 178 446 745 696 231 925 572 315 712 089 918 219 412 561 562 723 817 

417 044 731 699 490 759 361 708 205 173 737 985 02 24 29 9213 10 801 031 798 507 317 

870 754 050 112 806 910 258 510 000 182670 358 725 196 150 256 541 405 402 839 557 

399 902 142280 508 383 332 860 848 098 982 341 571 486 183 960 800 107 057 522 439 

710 450 940 181 913 563 441 167 772 901 661 134 037 609 448 164 157 980 842 836 190 

620 272 385 110 829 297 012 605 598 636 637 324 042 581 188 885 001 243 947 815 993 

326 406 555 654 882 906 892 244 491 891 635 048 899 159 387 734 871 908 214 876 108 

825 432 072 424 920 010 854 343 632 476 202 064 851 775 398 709 998 523 856 116 651 

009 934 261 935 739 883 777 130 732 622 177 156 337 961 158 247 298 922 903 154 467 

180 463 861 425 035 096 643 002 645 703 895 056 338 628 781 962 873 889 926 365 201 

128 368 007 949 162 040 649 081 832 977 118 498 820 017 965 220 986 650 229 919 165 

677 927 823 787 045 945 923 090 719 114 840 076 222 329 567 909 103 293 207 281 306 

996 139 729 695 702 954 897 308 790 687 905 200 354 879 612 374 941 547 473 053 552 62 
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ANNEXURE XI 

 

MASTER CHART 

 

Description of Participants_NDD_Experimental 

group       

        

Diagnosis/Type of NDD Number GMFCS  Gender 

Cerebral Palsy 10  Level 1(05) Male-07 

     Level 2 (03) Female-03 

     Level 3 (02)   

        

Description of Participants_NDD_Control group       

        

Diagnosis/Type of NDD Number GMFCS  Gender 

Cerebral Palsy 10  Level 2 (04) Male- 07 

     Level 1 (06) Female- 05 

ADHD 1 NA   

Down's syndrome 1 NA   
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GMFM and PBBS master chart  

 

 

  

 

 

  

 

 

  

 

 

  

 

 

SUBJECT CODE 
GROUP 
CODE GMFM PBBS 

    PRE POST PRE POST 

1 1 98.90% 98.90% 41 49 

2 1 49.50% 49.50% 13 17 

3 1 92.70% 95.60% 37 39 

4 1 98.90% 98.90% 50 54 

5 1 60% 80.10% 16 27 

6 1 58.20% 84.20% 16 25 

7 1 46.40% 46.40% 11.00 11.00 

8 1 94.20% 95.10% 41 46 

9 1 94.33% 96.72% 42 46 

10 1 90.25% 92.53% 39 42 

            

        

SUBJECT CODE 
GROUP 
CODE GMFM PBBS 

    PRE POST PRE POST 

1 2 18.15% 35.50% 13 13 

2 2 65.87% 72.10% 28 28 

3 2 98.88% 98.90% 39 42 

4 2 97.03% 97.00% 40 40 

5 2 85.71% 94.40% 40 40 

6 2 90.54% 90.50% 39 39 

7 2 61.40% 61.40% 18 18 

8 2 91.40% 91.40% 40 40 

9 2 85.71% 85.71% 37 37 

10 2 92.68% 92.80% 42 42 

11 2 91.40% 92.20% 40 43 

12 2 85.71% 85.71% 37 37  
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Pressure mapping data –Master chart 

Experimental      TASK 

      1 2 3 5 

SUBJECT 

CODE 

GROUP 

CODE 

SURFACE PRE POST PRE POST PRE POST PRE POST 

1 1 2 37.7 30.3 28.34 28.21 23.21 23.21 36.4 35.7 

2 1 2 79.8 31.8 81.9 38.1 100.4 50.9 69.5 47.1 

3 1 2 42.3 27.5 48 32 53.8 27 48.8 24.3 

4 1 2 31.5 26.3 28.5 28.5 27.5 26.7 51.3 21.8 

5 1 2 53.4 38.2 43.2 42.1 57.6 37.1 50.8 34.9 

6 1 2 38.1 38.1 50.5 35.6 37 36.9 49.7 35.9 

7 1 2 87.9 87.9 103.8 85.6 114.7 79.5 88.2 86.8 

8 1 2 45 37.6 39.8 39.8 56.6 56.6 80 52.4 

9 1 2 36.6 31.3 65.6 51.27 57.2 38.57 84.8 44.5 

10 1 2 56.5 39.08 88.3 69.31 70.85 48.24 87.4 74.62 

                      

                      

Control     TASK 

      1 2 3 5 

SUBJECT 

CODE 

GROUP 

CODE 

SURFACE PRE POST PRE POST PRE POST PRE POST 

1 2 2 34.3 34.3 35.5 35.5 27.7 27.7 55.9 55.9 

2 2 2 34.9 34.9 46.2 46.2 24.4 24.4 38.3 38.3 

3 2 2 22.3 22.3 34.1 34.1 28.7 28.7 39.4 39.4 

4 2 2 42.1 42.1 22.6 22.6 32.8 32.8 51.2 51.2 

5 2 2 25.6 25.6 21.3 21.3 30.5 30.5 40.1 40.1 

6 2 2 43.6 43.6 31.5 31.5 41.9 41.9 57.8 57.8 

7 2 2 55 55 27.5 27.5 52.7 52.7 69.1 69.1 

8 2 2 78.6 78.6 62.8 62.8 54.4 54.4 112.8 112.8 

9 2 2 23.85 23.85 26.42 26.42 30.22 30.22 52.71 52.71 

10 2 2 27.03 27.03 34.54 34.54 44.58 44.5 41.3 41.3 

11 2 2 24.39 24.39 32.26 32.26 37.11 37.11 44.37 44.37 

12 2 2 31.29 31.29 26.99 26.99 29.96 29.96 44.64 44.64 

 

 

 

 

 

 

 



ANNEXURES 
 

 Page 161 
 

 

NFE data- Master chart 

 

      TASK CODE 

      5 3 

      SUCCESS 

RATE 

MOVEME

NT ERROR 

AVERAGE 

RESIDUAL 

ERROR 

SUBJEC

T CODE 

GROU

P 

CODE 

SURFA

CE 

PR

E 

POS

T 

PR

E 

POS

T 

PRE POST 

1 1 2 100 NA 0 0 25.4 29.4 

2 1 2 25 50 0.2 0.2 37.3 34.8 

3 1 2 50 60 0.1 0.1 28.2 23.2 

4 1 2 42.9 40 0.2 0.2 16.2 13.4 

5 1 2 33.3 75 0.03 0.02 37.4 40.8 

6 1 2 16.7 40 0.4 0.2 37.4 33.4 

7 1 2 0 66.67 0.5 0.2 38 35.1 

8 1 2 0 37.5 0.3 0.2 31.5 27.1 

9 1 2 100 NA 0 0 23.16 21.64 

10 1 2 75 75 0.1 0.1 27.8 24.76 

                  

                  

                  

      TASK CODE 

      5 3 

      SUCCESS 

RATE 

MOVEME

NT ERROR 

AVERAGE 

RESIDUAL 

ERROR 

SUBJEC

T CODE 

GROU

P 

CODE 

SURFA

CE 

PR

E 

POS

T 

PR

E 

POS

T 

PRE POST 

1 2 2 0 0 0.5 0.3 35 30.9 

2 2 2 0 80 0.4 0.01 32.9 31.9 

3 2 2 75 80 0.01 0.04 38.8 39.8 

4 2 2 0 28.6 0.5 0.1 23.1 23.1 

5 2 2 0 0 0 0.6 37.9 39.2 

6 2 2 33.3 100 0.2 0 38.6 33.8 

7 2 2 0 0 0.4 0.7 33.4 34.5 

8 2 2 0 71.4 0.4 0.1 20.3 24.8 

9 2 2 33.3 0 0.3 0.3 35.12 40.78 

10 2 2 12.5 0 0.4 0.5 36.04 35.71 

11 2 2 66.6 0 0.2 0.3 35.42 26.34 

12 2 2 0 0 0.2 0.2 23.38 26.37 
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ANNEXURE XII 

PRESSURE MAPPING ASSESSMENT 

                                         

Image 01 pressure mat on firm surface 

 

 

 

 

 

Pressure mat on foam 

 

Image 02 
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COP ON PRESSURE MAT 

 

Image 03 

 

 

Image 04 
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Image 05: AP, ML DISPLACEMENT GRAPH 

 

 

 

 

Image 06: INIERTIAL BASED MOUSE 
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Image 07                                                                     Image 08 

On compliant surface                                                    Mouse placement 

 

 

Image 09                                                                      Image 10                                                                                                                                                       

 

 

VMT GRAPH                                                             COGNITIVE GAME GRAPH 
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Image 11: COGNITIVE GAME VARIABLES 
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CGR PROTOCOL 

                    Image 12                                                                         Image 13 

 

                    ON BALANCE DISK                                         ON BALANCE BOARD 

 

 

                Image 14: ON FOAM 
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      Image 15: Commercial games 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mouse attached to a head band, child made to stand on compliant surface                                                                                 

 

 

 

 

 

 

 

 

      Image 16                                                                                        Image 17  
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Annexure XIII 

 


