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Title of the Research topic “EFFECTIVENESS OF COMPUTER GAME BASED 

REHABILITATION ON BALANCE AND GAIT IN 

ELDERLY DIABETICS” 

Brief resume of the 

intended Research work 

 

In 2011, 5.5% of the entire Indian population was estimated to 

be individuals above 65 years of age as per the Central 

Intelligence Agency (CIA) World factbook and this pattern is 

poised to continue.1 The major area of concern is the health of 

the elderly with multiple medical and psychological 

problems.Data from 2011 national diabetes fact sheet states 

that amongst people with age 65years or older, 26.9% of all 

people have diabetes mellitus.1,2  

About one-third of adults aged 65 and older fall each year, 

with approximately 1 in 10 falls resulting in a serious soft 

tissue injury, traumatic brain injury or fracture. Even if non-

injurious, falls carry serious consequences including decreases 



in social and physical activities, physical decline, disability, 

loss of independence and institutionalisation. Several studies 

have shown that older adults with diabetes fall more often 

than their peers without diabetes 3,4. 

The prevalence of diabetes increases with age, and projections 

for the coming decades emphasise an increase in diabetes 

prevalence, particular in people >65 years of age 2,3,4. 

Diabetes mellitus (DM) is one of the largest global public 

health emergencies of the 21st century. Approximately 415 

million adults have DM and by 2040 this number will rise to 

642 million.5 

Karnataka, with 7.5% prevalence of diabetes, this southern 

state stands at the sixth position in India. But it is among the 

top three when it comes to prediabetes and risk factors for 

non-communicable diseases.1 

This high prevalence and chronicity makes diabetes a health 

concern 3 and also severely decreases patients' quality of life.5 

It is anticipated that the long standing diabetes often results in 

balance and gait impairment among older persons when 

compared to healthy controls.3,5  

Balance impairment is common among older adults and 

estimates of its prevalence range between 20 and 50% 3,4 

Patients with diabetes may compromise balance during daily 

activities.  With complications like Diabetic Neuropathy(DN) 

these patients have a fivefold increased risk of falling [11] and 

the consequences include decline in mobility, activity 

avoidance, institutionalization and mortality. 5 Basically, loss 

of balance occurs when the center of mass (CoM) falls out of 

alignment with the base of support (BoS).3,4 Human beings 

move about as they perform their activities of daily living and 

are often exposed to destabilizing environmental forces.6 

Failure to regain balance after destabilization results in a fall. 
6,7 

Balance is a dynamic process and the weighting of an input 

shifts according to the task for example, when walking in the 

dark inputs from the somatosensory and vestibular systems 



are weighted more than visual. Therefore, a deficit in one 

system increases the demand on inputs from the other systems 

and can lead to impaired balance. T2DM can often cause 

changes that affect the somatosensory, vestibular and visual 

systems.8 

Impaired balance is one of the top three risk factors for 

falling, and therefore associated with fear of falling, and 

reduced quality of life in people with T2DM [11,12]. T2DM 

is also identified as an independent risk factor for falls in older 

adults.8-10 

A wide range of different clinical balance measures were used 

to assess balance in people with T2DM8  

The study of gait is of interest because a large proportion of 

falls in older persons, with and without PN, occur during 

ambulation.6,7 Sensing the state or threat to balance and timely 

selection of appropriate motor strategies to correct errors are 

dependent on both task demands and environment, which can 

change substantially according to characteristics of the 

support surface, lighting conditions, crowds, and obstacles.10 

Obstacle negotiation also relies on cognitive resources, 

including motor planning, divided attention, executive control, 

and judgment, partly explaining why age-related decline in 

cognitive function is associated with increased fall risk.10,11 

Both physiological (strength and proprioception) and 

cognitive–behavioral factors (fear of falls) should be 

considered when treating diabetic patients with gait 

alterations. 4,5 

Treatments can be targeted to the balance disorder at a 

functional level to reduce the impact of the impairment and 

facilitate function (such as virtual reality techniques, lifestyle 

modification and the removal of home hazards) or at a 

physiological level to improve a sensorimotor system (such as 

balance and strength retraining or vestibular rehabilitation).8 

A careful reflection on the biology of balance however makes 

a rewarding evaluation possible, using simple tests that 

require only keen observation and little or no technology. 



Very useful information can be generated and this will greatly 

facilitate the task of the physical therapist who may then 

concentrate on the development and implementation a 

treatment plan.3,10 

 More recently studies have used multimodal interventions 

combining motor and cognitive training to improve both 

mobility skills and executive cognitive function (ECF).10 In 

this regard, the application of digital media and computer 

technology provides a number of promising approaches.13 

Very useful information can be generated and this will greatly 

facilitate the task of the physiotherapist who may then 

concentrate on the development and implementation a 

treatment plan.11 

 

Need for the study Maintaining stability during movements in standing and 

walking and restoring balance following sudden disturbances 

or stumbles depend on the integration of multiple sources of 

spatial information, including visual, vestibular, 

proprioceptive, and cutaneous 

sensations from both internal and external frames of 

reference.12 

Feed-forward predictive control is required 

for preparatory postural adjustments to maintain stability 

during any voluntary movement. Feedback control is essential 

for responding in a timely fashion to unexpected disturbances 

or for correcting movement 

errors. Sensing the “state” of balance or the “threat” to 

balance and timely selection of feed-forward and feedback 

motor actions are determined by both the goal of the task 

(degrees of freedom and difficulty) and the demands of the 

environment in which it is being performed.11,12 Individuals 

manage reasonably well in their home, where they are able to 

control tasks, arrange environmental elements, and use 

assistive devices that compensate for either perceived 

or real instability. However, it is not always possible to 

predict the surface characteristics of outdoor terrains (uneven, 



compliant, and slippery) and to be prepared for other 

disruptive environmental conditions. Many older adults 

experience a substantial decrease in physical activity and a 

greater fear of falling, particularly when walking 

outdoors.Careful consideration, therefore, needs to be given to 

the impact of “uncertainty” on stability.12 The sensory 

impairments identified are increases in ankle inversion and 

eversion proprioceptive thresholds, which are about 5 times 

greater in older persons with diabetics compared with older 

persons without diabetes.14,16 As a result, older persons with 

PN are likely less able to perceive ground irregularities and 

subtle shifts in their centers of mass, and are, therefore, 

predisposed to falls.13,16 

The development and implementation of effective and cost-

efficient strategies to prevent falls in older people is an urgent 

global health challenge.17 

Evidence suggest that exercise is a reasonable intervention, 

even in those with predominantly sensory PN.17,18 

Falls are not the only important outcome for exercise trials in 

older people,  other studies have shown that walking programs 

have health benefits including improved fitness, weight loss, 

and lower blood pressure.20 For these reasons, walking 

programs could be included in exercise programs for older 

people.17 

Conventional balance exercise programs generally include 

static posture maintenance, resistance training, stepping, and 

treadmill walking.However, participation rates are low 

because these programs are often considered unattractive, 

boring and does not always involve context specific 

exercises.19 

The measure of exercise dose combined with frequency of 

exercise on a weekly basis with program length, and this 

measure proved to be superior in discriminating between less-

effective and more effective trials than weekly exercise 

frequency or program length when analyzed separately. 

Although programs varied markedly with regard to these 



factors, the criterion for a minimal effective exercise dose 

would equate to a twiceweekly program running over 25 

weeks. This finding has important implications for service 

delivery, because many programs are offered for shorter 

periods than this, typically for 10 weeks. Strategies for 

achieving long-term exercise participation could include 

combining supervised group exercise with interspersed or 

follow-on home exercise programs.17 

Due to the many complications associated with diabetes such 

as reduced balance and mobility, providing an effective 

rehabilitation program is essential in assisting with recovery 

from impairments and in helping to prevent further 

degradation of motor skills.20,21    

 
Several recent studies have revealed that interactive video 

game-based (IVGB) exercises can ameliorate static and 

dynamic balance control in multiple sclerosis patients promote 

the correct weight shifting in stroke patients; improve balance 

and attention deficits in chronic traumatic brain injury 

patients; enhance functional balance and mobility in teenagers 

with cerebral palsy.15,17 Some studies also suggested that 

IVGB exercise improve balance control, postural stability in 

patients with Diabetic Poly Neuropathy, as well as self-

reported balance confidence and mental health in healthy 

older population.22  

Patients with DM and DN should have their balance 

parameters evaluated and if impairments are to be found, in 

order to decrease the risk of falls, these patients should be 

included in a rehabilitation program, consisting in 

physiotherapy and kinesiotherapy, aiming to improve their 

balance and walking stability.5 

Although there are many valid clinical measures for assessing 

balance in the healthy population, the validity of these 

measures for use with people with T2DM is limited. 

Very few of the clinical balance measures used in the 

identified studies have been validated for people with T2DM. 

One study attempted to validate the four balance measures 



(FRT, BBS, DGI and TUG), which were selected for their 

ease of use in the clinical setting and their validation in the 

older adult population. However, the validation of these 

clinical balance measures were only in relation to fall risk and 

not the specific sensory deficit. As such, these measures could 

be suitable for a T2DM population to assess fall risk.18,23 The 

combination of two tests,berg balance scale and gait 

speed,yielded the highest sensitivity of 91% and highest 

specificity of 70% when a subject tested positive on at least 

one test.18 However one of the identified clinical balance 

measures (BBS) may merit use with this population. 

Healthcare practitioners measuring the balance of their 

patients with T2DM could do so by either, performing a 

battery of different tests that cover all of the systems of 

balance, or by utilising a single measure that assesses all of 

these systems.18,28 

 

The American Geriatrics Society24 recommends exercise 

programs for improving balance, muscular strength, and gait 

ability as an effective intervention to reduce falls in the 

elderly.24,25,26 

In accordance with this goal, advances in science and 

technology have introduced new ways of achieving the 

benefits of exercise by having users safely follow various 

motions 

using virtual reality exercise (VRE) programs.26 

A treadmill is an excellent choice to conduct walking stability, 

core balance and gait assessment, i.e. walking while viewing a 

standard LCD/LED monitor which can be used to present a 

broad, diverse array of cognitive content and therefore can 

incorporate many types and levels of executive functions.27 

The whole body motions required to follow virtual images 

help improve motor coordination, the ability to respond to 

speed and posture changes, voluntary movement, and the 

ability of the lower extremities to respond promptly.28,29 

 However, technology-assisted screening and  rehabilitation 



and cognitive enrichment and telerehabilitation technologies 

is still a relatively young discipline which will likely improve 

clinical assessments and outcomes and also making therapy 

more available, more motivating and more specific and 

effective.26,29 

Several recent studies have revealed that interactive video 

game-based (IVGB) exercises can ameliorate static and 

dynamic balance control in multiple sclerosis patients; 

promote the correct weight shifting in stroke patients; improve 

balance and attention deficits in chronic traumatic brain injury 

patients; enhance functional balance and mobility in teenagers 

with cerebral palsy. Some studies also suggested that IVGB 

exercise improve balance control, as well as self-reported 

balance confidence and mental health in healthy older 

population.29,30 

The use of information technology (IT) solutions seems a 

promising way to ameliorate the cost/effectiveness ratio of 

intensified therapies and to improve the patient/physician 

communication through telemedicine services.31 

The distinction between centre- and home-based programs is 

an avenue for future exploration, allowing for choice that 

accounts for individual needs and preferences of the person 

with DM, and possibly exploring adherence to an exercise 

program of sufficient frequency over time.32 

Since the early 1980s, it has been advocated that the use of 

computer-based systems can be of help in defining therapy 

and diet in diabetes mellitus. Nowadays, several tools have 

been implemented and tested in the field, but few of them 

have been introduced in routine clinical use.30-32 

However, no such research using the information technology 

i,e. the use of Computer Game Based therapy in elderly 

patients with Diabetes has been conducted in our country.  

Hence it is mandatory for the present and the future 

generation of diabetes mellitus to use computer-based tools to 

address additional metabolic outcomes variations, and to 

perform an evaluation of the organizational impact, 



considering economic issues,  to develop low cost, engaging 

activity and cognitive platforms rehabilitation protocols that 

can extend quality health care to the elderly diabetics of our 

country in their own community and ultimately their home in 

the coming years.32 

 

a. Review of literature 

 

1. Balance impairment is common among older adults and 

estimates of its prevalence range between 20 and 50% .9,10 

Several studies have shown that older adults with diabetes fall 

more often than their peers without diabetes . The prevalence 

of diabetes increases with age, and projections for the coming 

decades emphasise an increase in diabetes prevalence in 

particular in people >65 years of age.37,39 

DM is a key health issue, with an increase in the prevalence of 

Type 2 DM, directly linked to lifestyle factors. Falls are 

multifactorial among the elderly and the commonly identified 

risk factor is poor balance and gait impairments.5,6,10,16 

Approximately 30.6% of individuals with diabetes and 19.4% 

of individuals without diabetes experienced recurrent falls. 

Declines in sensory function caused by neuropathy or 

retinopathy may lead to increased risk of falls in diabetic 

persons.10,16 

2. Older adults with diabetes mellitus were associated with a 

64% greater risk of falls; diabetes increased 94 and 27% risk 

of falls in insulin-treated and without insulin treated patients, 

respectively. The systematic review and meta-analysis 

reinforced the effect of diabetes as an independent risk factor 

for falls in older adults.8,9,10,11 

3.Not only that the presence of DN leads to impairments of 

the balance, but also its severity is strongly correlated with the 

balance impairment’s degree. It is known that the 

development of DN is also associated, besides an inadequate 

long-term glycemic control, with other several factors which 

may also have an impact on the development of balance 

impairment (e.g. patient’s age, gender, the presence of other 

diabetes chronic complications or co-morbidities)5,10,14 



4. Since DN is a frequent condition in patients with T2DM, we 

can assume that impairments in balance are frequently to be 

found in patients with T2DM, the latter also developing an 

increase in the risk of falls.5,15,35,38,40 Diabetic patients with 

peripheral neuropathy have lower gait velocity, decreased 

cadence, shorter stride length, increased stance time and 

higher step to step variability compared with healthy 

controls.These gait alterations increase on irregular 

surfaces.10,41,44,50,52 

Authors investigating gait parameters in a diabetic population 

evaluated in particular parameters either associated with fall 

risk (speed, step length or step‐time variability) or with ulcers 

(pressure). There is agreement that diabetic patients walk 

slower, with greater step variability, and present higher 

plantar pressure than healthy controls. They concluded that 

diabetic patients present gait abnormalities, some of which 

can lead to heightened fall risk.47 

Moreover, these patients have less ankle moment and ankle 

power 10,13 as well as a different onset and cessation time of 

muscle activity compared with healthy controls.16,19 

5. For the older adults, living in their own home or in 

institution, physical and psychological impairment and 

functional limitations worsen significantly the quality of life.18 

21,22 Regular physical activity could be a way to slow down 

the decline and maintain or even increase personal autonomy 

and quality of life.13,26,28 However, little is known about 

treatment strategies that could improve patients’ gait and 

balance, thereby also reducing the risk of falls.15,18 However 

gait  and balance in these patients can be concurrently 

improved by a targeted intervention 18 which is worth the high 

cost and morbidity associated with falls 15 which induce loss of 

confidence and fear of further falls .3,6,7 

Falls in older people are not purely random events but can be 

predicted by assessing a number of risk factors.4,5 Some of 

these risk factors (e.g., reduced muscle strength and 

impaired balance and gait) can be modified using exercise, 



whereas others (e.g., poor vision, psychoactive medication 

use) require different intervention approaches. Exercise 

can be used as a stand-alone falls prevention intervention or as 

a component of a multifaceted program. Multifaceted 

interventions can prevent falls in the general community, in 

those at greater risk of falls, and in residential care facilities.17 

6. Following training, the diabetic group exhibited a 

significant decline in falls risk, dropping from a mild-

tomoderate to a low-to-mild risk of falling. This decline was 

reflected by improved proprioception and increased 

hamstring/ quadriceps strength. While increasing physical 

activity can lead to enhanced joint proprioception, a learning 

effect cannot be ruled out as a contributing factor for the 

improved lower-limb proprioception.23 Several factors need to 

be considered during the development and implementation of 

exercise for DPN patients including the compensation of lost 

joint perception, controlling the intensity of training to avoid 

overtaxing and the personalization of exercise to meet DPN 

patients’ needs.28,34,35 

7.The detection of changes in balance performance is a critical 

part of evidence-based practice in rehabilitation. Screening 

tools for early detection of physical decrements can allow for 

implementation of preventive measures and an appropriate 

treatment plan to minimize the development of secondary 

problems, such as reduced confidence and reduced physical 

activity. Valid outcome measures also are required for 

evaluation of treatment efficacy, in both the short term and the 

long term. Measurement of physical performance in selected 

tasks has been reported to predict declines in physical function 

or dependence.52  

Low scores on the Berg Balance Scale (BBS), shorter distance 

walked on the Six- Minute Walk Test (6MWT), and slower 

self-selected gait speed, can indicate the likelihood of falling. 

These tests are commonly used in daily clinical practice and 

incorporate a range of postures, voluntary movements, and 

stepping activities52 



8. Exercise training through an interactive virtual interface 

with real-time dual task visual feedback from the lower 

extremity joints can significantly improve postural balance in 

people with DPN which, in turn, may reduce the risk of fall.27 

PN patients achieved better dynamic upper body stability than 

did control subjects and concluded that falls by patients with 

PN were ‘‘likely due to their inability to develop and execute 

appropriate avoidance and/ or response strategies when faced 

with unexpected obstacles or large-scale perturbations during 

locomotion27,29,35  

Virtual Reality Exercises programs arouse the interest of 

participants by providing visual and auditory stimuli and 

motivate them to continue exercising by providing real-time 

feedback on performance level27,28; thus, participants 

gradually progress through levels of exercise according to 

their therapeutic needs.29 These programs also offer the 

elderly an opportunity to enjoy activities that are not available 

to them in the real world.26 

8. Treadmills are widely used clinically, and have become a 

commonplace in most fitness, wellness and community 

centres. DT treadmill walking has important advantages 

versus DT over ground walking. A number of studies have 

demonstrated that spatial–temporal and kinematic gait 

variables (average values and variation) are significantly 

influenced by walking speed, and reduced gait speed is a 

highly consistent strategy used during Dual task (DT)T over 

ground walking.32,33,55 Dual-task interventions also results in 

enhanced-divided attention and the use of optimal attention 

resources in motor control.32,55 

Importantly, digital media in the form of computer games can 

also challenge and train many different aspects of Executive 

Cognitive Function.33  

b. Research question 

 

 

 

1. Whether assessment of balance on computer based 

evaluation and pressure mat are better than traditional scales 

used for balance? 

2. Does Computer Game based rehabilitation improves 



 

 

 

 

 

 

 

 

c. Research Hypothesis 

 

 

 

 

 

 

 

d. Objective of the study 

 

 

 

 

 

e. Material and methods 

i. Source of data 

 

 

 

ii. Method of 

collection of data 

(including sampling 

procedure, if any) 

 

 

 

 

 

balance and gait in elderly diabetics? 

3. Is Computer Game based rehabilitation superior to other 

conventional methods of  balance and gait  training which are 

studied in elderly diabetic ? 

4. Whether the same treatment can be carried as 

telerehabilitation ? 

 

 

1. Null Hypothesis H0: CGBR will not result in statistically 

significant improvement in  balance and gait compared with a 

conventional physical therapy program in elderly diabetics. 

 

2. Alternate Hypothesis H1: CGBR will result in statistically 

significant improvement in  balance and gait compared with a 

conventional physical therapy program in elderly diabetics. 

 

1. Effectiveness of Computer Game based rehabilitation on 

Balance and Gait in elderly Diabetics.  

  

 

 

 

S.D.M College of  Medical Sciences and Hospital and 

Geriatric home facilitated by S.D.M Medical Hospital 

 

 

 

Sample size: 
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S= Combined std deviation between two groups 

    =(S1+S2)/2, S1=SD of 1st group, S2=SD of 2nd group, 

 d= Mean of 1st group-Mean of 2nd group=Acceptable error=9.47 

Where,    Z= Z-value for  level (1.96 at 5%  error) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

iii. Inclusion criteria 

 

 

 

 

 

 

 

 

 

 

    Z = Z-value for  level (1.282 at 10%  error or 90% 

power) 

Alpha error (%)=5 

Power (%)=90 

Sided= 2 

Number needed (n)=42 in each arm to be treated and evaluated. 

considering  15% case of dropouts a sample of 48 in each group 

will be recruited to achieve  90% power. 

 

Methodology  

Forty eight elderly diabetics will be  selected from awareness 

camps, elderly diabetics visiting S.D.M. HOSPITAL (Sattur 

Dharwad) for treatment of diabetes and its complications, 

elderly living in the old age homes facilitated by SDM 

hospital will be recruited to participate in this study. 

Physiotherapist (not directly working with the research study) 

will perform an initial screening assessment and introduce the 

program to the clients, briefly describing to them the purpose 

and nature of the study. All participants will be given their 

informed consent and  shall be briefed about the tasks and 

instrumentations before the commencement . 

Participants will receive 36 scheduled sessions, 3 sessions per 

week. Each session will last for 45 minutes and will include 

rest periods as needed. 

 

1. Subjects of age 65 to 75 years diagnosed  with 

diabetes more than 10 years46 

2. HbA1C- 7, RBS 150mg/dL-200mg/dL 

3. Ability to walk atleast 400meters independently or 

with a cane. 

4.  Adequate hearing and vision to perform computer 

game activities. 

5. MMSE scores of more than 20. 

6. BBS score range between 45 to 53 at baseline 

 

 

 



iv. Exclusion criteria 
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1. Any medical condition which include 

cardiopulmonary(uncontrolled hypertension) 

,musculoskeletal(severe arthritis or recent 

fractures),neurological impairements(stroke, multiple 

sclerosis, Parkinson disease vestibular, fainting or 

dizzy spells) limiting participants to walk on treadmill 

or participate in gait based exercises. 

2. Medical history that contains  current treatment for 

cancer, kidney disease, a recent fracture, seizure 

disorder, vestibular dysfunctions, that  are 

contraindicated for exercises 

3. Subjects with ulcers on the foot or cellulitis in the 

lower limbs. 

4. Uncontrolled diabetes with HbA1c value above 7 

RBS below 120 or above 250 mg/dL.41,45      

 

Study design: 

Single-blind randomized mixed controlled trial.(Qualitative 

and Quantitative) 

Patients will be selected based on inclusion and exclusion 

criteria. For patients willing to participate in the study, a 

written informed consent will be given, followed by which 

patients will be assigned to group A(control) and group 

B(experimental) Group based on computer generated random 

allocation concealment method.After the allocation of the 

patient an evaluator (who is blinded to study with a minimum 

qualification in bachelors in physiotherapy(BPT)) will assess 

the patient on Geriatric assessment proforma,at the same time 

baseline information on the following outcome measures will 

be collected, namely Berg Balance Scale(BBS) The gold 

standard test for static and dynamic balance abilities is the 

BSS test. It is a valid instrument used for the evaluation of the 

interventions’ effectiveness and for the quantitative 

description of function in clinical practice and 

research.38,39,41,61,73 Modified Clinical Test of Sensory 

Interaction in Balance (CTSIB-M) on pressure mat,62 The 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activities Specific Balance Confidence(ABC)scale,59,64 

Dynamic Gait Index(DGI), Barthel index,74 WHO Quality of 

Life WHO-QOL , The LawtonInstrumental Activities of Daily 

Living(IADL)scale and Physical Activity Scale and 

Qualitative questionnaire. 

Study instruments: 

1. A pressure-sensing mat (Vista Medical Ltd., Canada) to 

compute the center of foot pressure (COP) position.This 

pressure mat consists of an array of 256 piezo-resistive 

sensors (16 by 16), and each sensor covered a surface area of 

2.8 cm2.  

2.An inertial-based (IB) mouse (Gyrations, SMK-Link, USA) 

to control and interact with the visuospatial cognitive games. 

3.Motorized Treadmill: Fitness World Treadmill (model 5555 

pro) 

4. 20 inch computer/TV monitor in front of the treadmill 

5.Balance disc  

6. Sponge pad, Wooden board 

7. Sturdy chairs with armrest Stop watch and other 

stationaries. 

8. Stepper (Dynamic 208) 

9. Recumbendent bicycle (Sole SR92R Steel Recumbent 
Bike) 
 

10.Glucometer(accu-check)and BP apparatus 

Methodology 

Assessment: 

A detailed assessement of demographic data with the 

following information will be obtained from each participant: 

age, sex, residential address, medical history, self-reported 

history of falls, use of assistive device for ambulation, 

whether walking outdoors for 0.5 mile (0.8 km) regularly 

(2–3 times per week), amount of home care assistance 

(frequency of days per week), current number of prescription, 

dependency on activities of daily living(Barthel Index) ,  

instrumental activities of daily living (IADL) and WHO-QOL. 

This information will be used to characterize the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

demographics and general health status of participants in the 

study.67,69 

 

Standing Balance Assessment: The  patients (group A 

and group B)  will stand  for 45 seconds on a stable surface 

and  sponge pad with a) eyes open (EO), b) eyes closed (EC). 

A Computer Application with the following two assessment 

modules will be used for the dual-task test conditions: (a) 

Visuomotor (VM) task and (b) Visuospatial Cognitive Game 

(VCG) task. 

 An inertial-based (IB) mouse (Gyrations, SMK-Link, USA) 

will be used to control and interact with the visuospatial 

cognitive games. The IB mouse will be  secured to a plastic 

headband, and with this simple method, head rotation is done 

as the pointing device to control the position and motion of 

the computer game paddle. Therefore a hands-free 

computer/game controller to interact with the game activities 

of the assessment software.  

 The following tasks shall be  performed for 45 seconds while 

standing on a sponge pad; a) eyes open (EO), b) performing 

the VM tracking task, c) performing the VCG task. Cyclic left 

and right horizontal rotation of the head to visual targets 

placed 120 degrees apart. A force sensor array (FSA) 

pressure-sensing mat (Vista Medical Ltd., , Canada) will be 

used to record vertical foot pressures and to compute center of 

foot pressure (COP) migration in standing.46,49,56,65 

Patients from both the groups will be also assessed on the 

following clinical tools: 

Berg balance scale: It is awidely used clinical measure of 

functional balance. It has been used extensively as an outcome 

measure in research involving older people with a variety of 

conditions, e.g. balance impairments. It contains 14 mobility 

tasks. Each task is scored on a 0 ( unable to complete task) to 

4 (able to do the task independently) scale with the maximum 

score of 56.The suggested cut-off point for high risk of falls is 

45.47,62,65 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Activities-specific Balance Confidence Scale (ABC): The 

ABC Scale is a 16-item self-report measure of the perceived 

balance confidence an individual has while completing 

various ambulatory activities.Participants estimate on a scale 

of 0% to 100% how confident they are that they could 

perform activities such as picking a slipper up off of the floor 

or walking on a slippery surface without losing their balance. 

The item scores are then summed and divided by 16 to 

provide an overall mean balance confidence score. The 

internal consistency (.96), 2-week test-retest reliability 

(ICC.92), and convergent and discriminant validity of this 

measure among the elderly have been reported to be strong.It 

measures perceived confidence of maintaining balance while 

performing specific activities of daily living. 48,60,71 

5. A modified version of the Clinical Test of Sensory 

Interaction and Balance (CTSIB): The 

CTSIB uses a compliant sponge pad as an unstable support 

surface. The use of a compliant surface can modify the ground 

reaction forces under the feet (ie, the compliant surface cannot 

completely reciprocate the normal body forces beneath the 

feet as the body’s center of mass [COM] moves). This change 

in ground reaction forces can increase the magnitude and 

frequency of body sway. To prevent a fall, the individual must 

be able to sense and respond to this sway.  Performance on the 

CTSIB is quantified by recording the amount of time the 

participant can maintain standing balance.44, 47,63 

The CTSIB on pressure mat will be used as a measure of 

dynamic balance performance.  

 

Gait Assessment: The following parameters shall be 

calculated for assessment of gait :average gait speed, swing 

time, stance duration, double support and single support times, 

step length, and step width.33,45,54 

 All the patients will be assessed on the dynamic gait index. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The Dynamic Gait Index (DGI) is a clinical tool to 

assess gait, balance and fall risk. It evaluates not only usual 

steady-state walking, to 8 different demands, such as 

changing gait speed, head turns, turning, clearing an obstacle 

and stair climbing. Performance of each is manoeuvre is 

scored from 0-3, with higher scores indicating better 

performance. Total score range from 0-24.47 

Treatment Protocol   

In both the groups patients will be instructed to have their 

snacks as prescribed by the dietician 15 minutes prior to the 

exercise session.Vitals will be tested before each exercise 

session.If their sugar levels is less than 120mg/dL or more 

than 250mg/ dL,they will not be made to exercise for that 

particular session. 

Exercises will be stopped If the patient shows any signs of 

termination of exercises and necessary medical attention will 

be provided. 

Ahead of the training the Maximal Heart Rate (MHR) of all 

the patients will be taken. Exercise prescription for the elderly 

will be 40-60% of MHR. The target heart rate range will be 

calculated using the Karvonen method.Target HR 

range=([HRmax-HRrest]xpercent intensity)+ HRrest 

Treatment protocol (both groups) 

Duration 45 minutes of exercise session 

Frequency: 3 times per week for 12 weeks 

Intensity: Moderate –vigorous of 40-60% of MHR67,75 

Group A: 

The program will begin with a five -minute warm up at a 

cycling speed at a target heart rate of 40% of maximum. This  

will be followed by a 35-minute interval training program of 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

increasing resistance , and stepper exercises. The interval 

duration will be set to 2-3 minutes with a 1minute rest period. 

The last five minutes again a cool down period of cycling 

alone. 

Progression of training in this group will have a cycling rate 

of 50-60 per minute and resistance of the cycle and stepper 

will be  adjusted to achieve a target heart rate of 40% of max 

to a gradual increase upto 60% HR max through the training 

program. 

Group B : 

This group will perform visuospatial and visiotracking 

activities delivered through interactive computer games.  The 

following tasks will be performed while walking on a 

treadmill at 0.9 m/s for one minute each; a) walk alone, b) 

walking while performing the VisioMotor tracking task and c) 

walking while performing the VisioCognitive Game task 

 

Each therapy session will  involve a) five minute warm-up 

session  of Dual task balance exercises i.e. standing on a 

sponge or balance disk while playing specific computer games 

(i.e. various simple visio tracking activities), b) Treadmill 

walking while playing specific computer games in intervals of 

3-5 minutes and with 1-minute rest periods for a total duration 

of 35 minutes. Various computer games will be selected for 

each participant from a pool of 20 games purchased from Big 

Fish Games (www.bigfishgames.com). The computer games 

will  involve goal-directed cognitive activities including: (i) 

visual search and tracking of multiple targets, (ii) speed 

accuracy requirements, (iii) presence of distracters, (iv) 

matching tasks, and (v) working memory. 56,65 

 

The last five minutes will be used as a cool down period of 

treadmill walking alone.37,38,75 

 

The type of compliant surface used and the treadmill speed 

will be adjusted under the supervision of the treating 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

physiotherapist. 

One qualified physiotherapist with minimum of bachelors 

degree in physiotherapy(BPT) Will be assigned to each group 

and explained how to play the games and do the other 

exercises, provide a demonstration, and help participants 

practice and perform the training  safely. 26 

 

Subjects will be gradually progressing the training both 

physically and cognitively.  

Initially patients will be trained in standing on stable surface 

followed by compliant surfaces like foam and balance disk 

while playing simple visio traking games to a moderate to 

difficult levels of visiocognitive games.48 

Once they develop good balance, progression will be with 

playing simple games walking on the treadmill.Eventually the 

games will get difficult and the speed will also be increased. 

The treadmill will be equipped with safety side rails in easy 

reach. 

Once the patient manages to play the difficult level games 

with icreased speed he /she has reached the highest level of 

balance and gait training.  

 

The principal investigator will treat the patients in group A 

and group B 

All the parameters of balance and gait will be assessed at 

baseline, 4th, 8th weeks and after 12th weeks by the 

experienced Physiotherapist as mentioned before. After the 

completion of 12 weeks there will be a gap of 4 weeks 

without any training and the patients will be called for 

reevaluation at 16 th week to see the carry over effects.  

The HbA1tests will be monitored every month to see the 

effects on the diabetic profile during the training sessions.  

The HbA1c level will be measured using a NGSP-

standardized and DCCT-compliant immune-turbidimetric 

assay (Roche), having an inter-measurement coefficient of 

variation of 1.64% according to manufacturer’s 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v. Operational 

definitions/Techni

ques employed 

 

 

 

specifications.5 

 

Qualitative analysis: 

To understand and  provide additional insight into how 

participants experienced the entire program they shall be  

interviewed on a few open ended questions after the 

completion of the training program. Their responses and 

suggessions will be recorded for future use.60,71,73 

Following are a sample of questions: 

1.What did you like and/or, dislike about the training 

program? 

When you agreed to participate,how did you hope you would benefit 

from the therapy program? 

3.What do you think about the exercises and the computer 

games you were asked to play? 

4. Did you feel this training has helped you by increasing your 

confidence regarding your balance in daily living? 

5.Would you continue with these exercises if provided with 

right settings? 

6.Would you recommend these exercise to your 

family/friends? 

7. Any suggestions and queries from your side? 

STATISTICAL ANALYSIS: 

For quantitative analysis:  measures of central tendency, 

distribution of sample (normal distribution) based on that for 

each variable parametric, non-parametric and ANCOVA will be 

used 

For qualitative analysis: grounded theory  based themes and 

quotes will be generated and descriptive analysis will be done. 

 

Older adults are typically defined as those aged 65 or older. 

However, some researchers include younger or “next 

generation” seniors, those aged 55 to 64, and some focus on 

the “oldest old,” those aged 85 and older. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Public health 

The New Public Health is a contemporary application of a 

broad range of evidence based scientific, technological, and 

management systems implementing measures to improve the 

health of individuals and populations. Its main objectives are 

the political and practical application of lessons learned from 

past successes and failures in disease control and the 

promotion of preventive measures to combat existing, 

evolving and re-emerging health threats and risks. 

Falls Rate 

Relates to the incidence of falls over a specified time period. 

Falls are defined as "an unexpected event in which the person 

comes to rest on the ground, floor or other lower level" (Lamb 

et al., 2005). 

 

Cognitive health is an important aspect of mental health in 

that it determines a person’s ability to sense, think, remember, 

and act. 

 

Computer based games  is defined as technology driven 

physical activities, such as video game play, that requires 

participants to be physically active or exercise in order to play 

the game. It allows participants to make individual choices 

when playing the self-paced game. 

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 players’ (client) movements and choices 

during each game event. task. 3. Performs advanced data 

analysis methods to quantify players’ motor and cognitive 

performance, and generates reports of objective outcome 

measures. 

The following features and game elements: are fully 

configurable: 1. Movement speed 2. Movement precision 3. 

Addition of distractors - cognitive inhibition 4. Simple and 
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complex trajectories of game objects 5. Time-constraints 6. 

Selection of different Optokinetic backgrounds 7. Tracking 

mode and Target Game modes (see below for 

descriptions)49,56,65 

Dual task is a procedure in experimental neuropsychology 

that requires an individual to perform two tasks 

simultaneously, in order to compare performance with single-

task conditions.56,65 
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Does the study require any 

investigations or 

interventions to be 

conducted on patients or 

humans or animals? If so, 

please describe briefly 

 

YES 

Has ethical clearance been 

obtained from your 

institution 

 

 ETHICAL CLEARANCE HAS BEEN OBTAINED 

Is the proposed research 

project novel?   Give 

Computer game based rehabilitation (CGR) makes use of 

modern concepts of learning and neuro adaptations using task 



details. specific approach. 

CGR is shown to have an effective means of enhancing visual 

attention, processing speed and global cognition in older 

adults. 

Conventional methods of training balance and gait have low 

compliance and adherence while CGR maintains a high 

motivation and engagements which is central to functional 

success. 

Makes exercises both challenging and enjoyable experience. 

More recently, ActiveVideoGames have received 

considerable attention from researchers and health care 

professionals as a rehabilitative tool in clinical settings to 

promote individuals’ physical, psychological, and cognitive 

functioning. Our research focus is development and 

evaluation of low cost computer game based rehabilitation 

platform to increase accessibility to high quality therapy using 

a telerehabilitation with tools designed for in- home use, and 

supported by a clinician specialist. Also we aim to facilitate 

exercises through fun game based activities to increase focus 

of attention and foster participation .i.e game based repetitive 

task practice. Also as telemedicine is on rise this platform may 

be applicable for telerehabilitation.  

 

What is the expected 

contribution of the research 

project to the existing 

knowledge base?  

It is difficult to engage older adults in repetitive, tedious 

therapy. As such there is a need for innovative approaches and 

tools to motivate and keep them active in long run as 

motivation is the most influential personal characteristic for 

adherence to therapy and for determining functional outcomes 

in the elderly. Low –cost, computer –aided, game based 

rehabilitation combines motor  exercises and visual-spatial 

cognitive activities appropriate for older adults in a game 

based format. 

What is the expected 

advantage of the research 

project to the society at 

large?  

Based on the literature review elderly diabetic population is 

on rise and impairment in balance and gait leading to falls is 

of concern. Maintaining quality of life is therefore extremely 

important for older adults. Computer based digital games can 



expand and support the range of actions that our seniors and 

those supporting them can take to meet the challenges of 

aging. Games can meet a variety of older adults’ physical, 

cognitive, social, and personal needs. Games can support 

healthy lifestyle choices including exercising, staying 

mentally active and strengthening interpersonal and social 

relationships; these help to improve seniors’ quality of life and 

health outcomes. 

What is the expected 

advantage of the research 

project in the regional area?  

Such a study can be further extended in the form of 

telerehabilitation, so that the patients can do exercises at home 

within the limits of their safety. Playing digital games for 

maintaining a good health can also be a way to meet and 

connect with others and decrease feelings of loneliness as 

many of the seniors reside in old age homes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 


