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ABSTRACT 

 

This study investigates the efficacy of a combined perturbation therapy, delivered simultaneously from the 

ground and in the transverse plane, to enhance gait stability and functional balance in children diagnosed 

with cerebral palsy at Gross Motor Function Classification System (GMFCS) levels I–II. With a minimum 

expectation of three participants aged between 14 to 18 years old, our research hypothesizes that combining 

perturbations will lead to greater improvements in functional balance, endurance, power and Muscle 

Activation Index. We anticipate that participants receiving combined perturbations will exhibit superior 

functional balance outcomes. The study employs standard equipment alongside an indigenous autonomous 

system developed to administer random perturbations to participants. Through this investigation, we aim to 

determine the effects of perturbations given from the ground and in the transverse plane on postural and 

functional balance of children with CP to enhance their overall quality of life.  
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CHAPTER ONE: INTRODUCTION 

Cerebral Palsy (CP) encompasses a range of disorders attributed to abnormalities or injuries in the brain during 

early development, predominantly characterized by motor and postural impairments that hinder daily activities 

and self-care. It is the predominant cause of physical disabilities in children, affecting approximately 17 

million individuals globally, resulting in significant socio-economic implications (Cortés-Pérez et al., 2022). 

McIntyre et al., (2022) noted a current overall CP birth prevalence of 1.6 per 1000 live births, including post-

neonatal cases. This is a 25% decrease from the birth prevalence reported in 2013, which was 2.1 per 1000. 

Reduced balance and abnormal gait patterns linked to anatomical abnormalities are common in patients with 

cerebral palsy, which have an immediate effect on locomotor functioning (Krasowicz, 2019). Additionally, a 

higher risk of falling is linked to decreased gait stability (Hamacher et al., 2019). Therefore, the focus of 

therapeutic treatments for children with cerebral palsy is frequently on the development of independent 

walking and gait efficiency in order to ensure their independence in daily life (Llamas-Ramos et al., 2022).  

Improved balance and walking ability has a positive impact on achievement of daily activities and motivating 

social engagement (Booth et al., 2018).  

The most accessible technique for teaching balance in CP is conventional physical therapy (CPT). Exercises 

for balance, strengthening, stretching, and flexibility are also a part of CPT. Despite the fact that, the CPT 

therapies have been successful in helping CP children with balance and other motor impairments, in recent 

years, virtual reality and balancing boards are two examples of innovative technologies with therapeutic 

applications that have received significant attention from research and clinical practice in balance gait training. 

The utilization of balancing boards in therapeutic and training contexts is predicated on the principle of 

enhancing postural control and stability, primarily through the mechanism of proprioceptive feedback 

enhancement and muscular strengthening. This approach specifically aims to augment the capacity of 

individuals to maintain or regain stability in situations that potentially lead to falls.  According to Montoro‐

Cárdenas et al. the Nintendo Wii treatment (NWT) system seems to be the most widely used one. NWT needs 

more active engagement and movement than other traditional video game systems, such as the PlayStation or 

Xbox, and is one of the most popular non-immersive virtual reality devices in the neurorehabilitation of 
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children with CP (Montoro‐Cárdenas et al., 2021). However, unlike SensoPro, NWT does not actually engage 

the vestibular system and muscles during rehabilitation. The instability of the SensoPro bands on which the 

user stands forces the body to engage entire muscle groups throughout the workout, providing maximum 

muscle activation. The literature preceding before it primarily focused on responses to balance perturbations 

given while standing, even though the majority of falls in CP are reported while walking.    

The Perturbation-Based Training (PBT) has emerged as a valuable tool for assessing and enhancing balance 

in various patient populations, including the elderly (Rieger et al., 2023; Gerards et al., 2021), individuals with 

Parkinson’s disease (Martelli et al., 2017; Coelho et al., 2022), and stroke survivors (van Duijnhoven et al., 

2018; Handelzalts et al., 2019). Berg et al. (1989) delineated three fundamental aspects of balance crucial for 

functional autonomy: static balance control, or the ability to maintain various postures; proactive balance 

control, which involves postural adjustments in anticipation of voluntary movements; and reactive balance 

control, the capacity to respond to unforeseen external perturbations(Berg, 1989). This multifaceted 

conceptualization of balance underscores the complexity of achieving functional stability across different 

conditions and populations. The efficacy of perturbation-based balance training in enhancing balance and gait 

has been a subject of considerable research interest. One innovative approach to this form of training is the 

Active-Tethered Pelvic Assist Device (A-TPAD), developed at Columbia University (Martelli et al., 2017). 

The A-TPAD system employs a lightweight belt fitted around the pelvis, connected to wires whose tension is 

dynamically adjusted by motors. This setup facilitates the application of continuous forces at the waist, 

simulating perturbations that challenge and thereby improve the user's balance control mechanisms (Kang et 

al., 2017). The use of the A-TPAD has demonstrated promising results in improving gait dynamics among 

individuals with Parkinson’s disease and children with cerebral palsy, showcasing the potential of 

perturbation-based interventions in rehabilitative practices. In this work, an innovative cable-driven 

mechanism conceived for balance rehabilitation was used to investigate the effects of balance training in the 

presence of externally applied forces on the SENSOPRO during functional balance and gait stability in 

children with cerebral palsy.  
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HYPOTHESES 

Balance training in the presence of externally applied forces  will improve functional balance in 

children with cerebral palsy.  

RESEARCH QUESTION 

Do the balance training given in the form of externally applied forces improve functional balance in children 

with cerebral palsy?  

OBJECTIVE 

Investigate the effects of balance training in the presence of externally applied forces on functional balance in 

children with cerebral palsy.  
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CHAPTER TWO: MATERIAL AND METHODS  

2.1 Study design and participants 

This study is pre-post clinical trial. The study will be conducted at the Rehabilitation center inside the Athletics 

Center of Nazarbayev University Astana, Kazakhstan.  

Three subjects with spastic CP aged between 14-18 years old and GMFCS level I & II will be participating in 

the study. Inclusion criteria for the participants of this study is as follows: 1) cognitively intact, 2) shoe size 

37 and more, 3) good general wellness, without unconsolidated fractures. The total trial duration will be 5 

weeks including pre-post assessments. All experiments will be performed in accordance with relevant 

guidelines and regulations. Before signing a written consent form, each participant will be given the 

opportunity to ask any questions and familiarize themselves with the protocol before the experiment started.  

 

2.2 Ethical considerations  

The experimental protocol was reviewed and approved by the Nazarbayev University 

Institutional Research Ethics Committee (NU IREC) on 11.03.2024 the approval number is 

858/19022024. Before taking part, all subjects will be told about the research protocol and need 

to sign a written consent form that has been authorized by the NU IREC.   

 

2.3 Data collection 

After getting informed consent from the children’s parents and children. Pre- and post-assessment will be 

performed. Subjects’ disability scores would be established using WHO disability assessment schedule 2.0 

(WHODAS 2.0) (Potcovaru et al., 2024, Pizzighello et al., 2023). The ability of individuals to safely maintain 

their balance will be measured using the Berg Balance Scale (BBS) and Timed Up and Go test (Wang et al., 

2023, Alonso et al., 2014). The distance traveled during a 6-minute period (6-minute Walking Test) will be 

used as an indicator to compare shifts in performance capability (Niiler, 2018). Furthermore, the 10 Meters 
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Walking Test (10MWT) will be utilized to determine the speed at which a child could cover a short distance, 

quantified in meters per second (Graser et al., 2016, Moll et al., 2023).  

Electromyography (EMG) data will be collected via the multi-modal Ultium® EMG sensor system, both prior 

to and following the main training sessions, facilitating the analysis of muscular coordination and strength 

(Kang et al., 2017). Moreover, inertial measurement units (IMUs) will be used to measure anatomical joint 

angles, torque, linear acceleration and COM (Martelli et al., 2017, Park & Yoon, 2021). To further evaluate 

gait stability, balance, and pressure distribution, data from Smart Insoles developed by Ultium® will be 

utilized (Hamacher et al., 2019, Huang et al., 2021). This comprehensive approach allows for a detailed 

assessment of the participants' biomechanical, physiological and neuromuscular responses to the training 

regimen (Moreau et al., 2016). 

 

2.4 Experimental Protocol 

SENSOPRO is a coordination training device (Figure 1-2). Device has two tapes, 24 tubes with 3 different 

strengths (Aquamarine = weak; Azure blue = medium; Coral red = strong), side rails and Sensopro Video Kit 

touchscreen. Video Kit provides a variety of videos with instruction to help patients with their training 

program (Figure 3). The videos offer thorough instructions on the exercises from two angles, are content-

categorized, and can be seen on a large screen on the device. Maximum muscular activation is achieved during 

the training session due to the instability of the tapes on which the patients stands. 
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Figure 1. Illustrates the Sensopro device. Figure 2. Components of the Sensopro device. 

 

 

A)      B)   

Figure 3. The Sensopro Video Kit. A) Illustrates 4 types of protocols: Physio, Health, Fitness and 

Performance. Protocols help select the best type of training and then the right program within the 

category. B) Example of a video instruction. Individuals should repeat the exercises from the video 

to finish each one at a time.  
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Four motors will be used and mounted on an inertial rigid frame, and combined to the subject's hip belt by 

low-stretch nylon-coated stainless steel cables and pulleys. Pulleys that will be directed diagonally will be 

used to route cables. By placing a transient pulse on two of the four wires, waist-pull perturbations with peak 

force of a chosen amplitude proportional to the subject's body weight (BW) will be produced.  

 Figure 4.     Experimental Setup. Schematic of the 

coordination training device with perturbation system. Red lines indicates the perturbation cables and red 

dots indicates motors.  

 

2.5 Intervention   

After baseline measurements, a 4-week training program consisting of three appointments per week will be 

conducted (Figure 5). Each appointment will last for 60 minutes, including preparation time. 

Participants will receive introductory training on the Sensopro on the first day (FIRST DAY) to become 

familiar with the equipment. On subsequent days, participants will begin with ten minutes of exercises using 

the coordination training device (BALANCE 1). Cables will be connected to the belt, and participants will 

undergo 10 anterior and posterior diagonal perturbations with a peak amplitude of 15% of body weight (TEST 

1) initially. 

Following the initial perturbations, participants will undergo training involving five blocks of progressively 

more intense back-left (BL), back-right (BR), front-left (FL), and front-right (FR) perturbations (TRAINING). 

Initially, the maximum force for all four perturbations will be set at 5% of body weight. With each subsequent 

block, the force will increase by 2% of body weight. 
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The perturbations within each block will be arranged in a random order, and the time between perturbations 

will be randomly set between 2 and 10 seconds. Each block will take approximately two minutes to complete. 

All subjects will experience the same set of diagonal perturbations before the cables are removed (TEST 2). 

After the cables are removed, all subjects will continue training for another ten minutes (BALANCE 2) 

(Martelli et al., 2017).  

 

Figure 5. Experimental Protocol. The study involves a four-week training program with three weekly 

appointments. Participants undergo an introduction to the Sensopro equipment on the first day, 

followed by eleven sessions on a coordination training device with perturbations. The training 

incorporates progressively more intense perturbations, with the force increasing by 2% of body weight, 

and varying force levels and time between perturbations. Subsequently, after removing the cables, 

participants will continue training for another ten minutes on Balance 2.  

 

2.6 Data analysis 

Data will be analyzed using descriptive statistics (mean value and standard deviation). Differences in pre and 

post assessments, including muscle activity, functional balance, endurance, power and COM will be analyzed 

using One way ANOVA test adjusting for the pre- and post- measurements. These analyses will be conducted 

separately for each GMFCS level to account for potential differences in baseline characteristics.  

BALANCE 1
TEST 1

•back-left 
perturbation

•back-right 
perturbation

•front-left 
perturbation

•front-right 
perturbation

TRAINING
TEST 2

•back-left 
perturbation

•back-right 
perturbation

•front-left 
perturbation

•front-right 
perturbation

BALANCE 2
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CHAPTER THREE: RESULTS 

3.1 Pre-intervention assessment results 

The results consist solely of pre-intervention assessments conducted during the recruitment of patients. At the 

time of writing the thesis, a total of 8 children with CP had participated in the recruitment process. The 

assessments encompassed the following measures: WHODAS, BBS, 6MWT, 10MWT, TUGT, EMG, IMU, 

and Smart Insoles. 

Table 1 describes the baseline demographics and clinical characteristics of recruiters. Every participant 

showed a high level of subjective health and well-being. The median age was 14.86 years, with 75% being 

males and 25% females. The children ranged from levels 1 to 5 according to the Gross Motor Function 

Classification System and presented with ataxic, spastic, and hyperkinetic types of cerebral palsy.  

 

Table 1. Descriptive statistics of recruiters. GMFCS = Gross Motor Function Classification Scale.  

 

 

The 6 Minute Walk Test was conducted on a hard-surfaced track measuring 30 meters in length to measure 

endurance (Thompson et al., 2008). Each patient was allocated 6 minutes to complete the walk, during which 

they were free to pause and relax as needed. The length of the walk was measured after the 6-minute duration 

(An et al., 2024). A 10-meter-long straight walkway was used to conduct the 10-Meter Walk Test as a measure 

of gait speed. The patients were told to move from one end of the path to the other at a comfortable speed. To 



 

14 

guarantee a consistent measurement of walking speed, timing began as soon as the patient began to walk and 

ended when they arrived at the predetermined end point (Thompson et al., 2008). Timed Up and Go test is 

used to measure the dynamic balance and functional mobility in the neurological population. During the TUGT 

the task assigned to the participants was to get up, move three meters, turn at a mark on the floor, move back 

to the chair, and then sit down. The TUG test started when the participants moved to stand in response to the 

cue "ready, go," and it ended when they sat down in the chair and stopped moving (Carey et al., 2016). 

Table 2 presents the mean, standard deviation, and range of the assessments. Each of these measurements has 

a very large standard deviation (6MWT=65.92 m; 10MWT=6.55 sec; TUGT=17.22 sec). This suggests that 

although the cohort performs moderately on average in terms of walking endurance, speed and functional 

mobility, there is a significant amount of variation in every participant of the group's walking capacity. Some 

people have endurance that is noticeably higher or lower than mean. Table 3 compares the means of the 

assessments across various Gross Motor Function Classification System (GMFCS) levels. For the 6 Minute 

Walk Test, individuals in GMFCS Level II display the highest variability in walking endurance. Conversely, 

in the 10 Meter Walk Test, GMFCS Level III individuals exhibit the highest parameter in walking speed. 

During the Time Up and Go Test, GMFCS Level II individuals demonstrate the highest variability in 

functional mobility and dynamic balance. However, GMFCS Level V individuals show the lowest variability 

in functional mobility and dynamic balance.  
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Table 2. The mean, standard deviation and range of 

the three assessments: the 6 minute walk test, the 10-

meter walk test and the timed up and go test.   

Tables 3. Comparison of the means of the 

assessments across different the GMFCS level.  

 
 

 

Using the BBS, functional balance was evaluated. Fourteen fundamental balance exercises, including standing 

on one foot and getting up from a seated position, formed the assessment. A score of 0 (unable to execute) to 

4 (able to complete independently) was assigned to each task, and the sum of the sub-scores indicated the level 

of success (An et al., 2024).  The mean score of the Berg Balance Scale Test for this cohort is approximately 

28 out of a maximum possible score of 56 (Table 4). This indicates a moderate level of balance ability on 

average among the individuals in the cohort. However, the results show a wide variety of balancing abilities 

across the cohort, ranging from a low of 7 to a high of 47. Some participant's scores were significantly below 

the mean, indicating difficulties or impairments with their ability to maintain balance.  
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Table 4. Berg Balance Scale data for 14 tasks are summarized as follows: Mean = 27.62, Variance = 129.4, 

Standard Deviation = 11.37.  

 

 

A metric for measuring the degree of muscular activity is the muscle activation index. Electromyography 

(EMG), which captures the electrical activity of muscles throughout a variety of activities like standing, 

walking, and training, is used to evaluate it. The results will be analyzed using Matlab and an appropriate 
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statistical analysis comparing results before and after the intervention. As an example, Figure 6 illustrates the 

minimum and maximum values of muscle activation in microvolts (uV) for four muscles: the left and right 

medial gastrocnemius (MG), and the left and right lateral gastrocnemius (LG) muscles of one of the recruiters 

with GMFCS 1. Additionally, the figure presents the mean and standard deviation of these muscles, calculated 

using Matlab. There seems to be a bigger variation between the right and left LG muscles and show different 

activation levels at various points, which could suggest different levels of engagement, strength, or potential 

compensatory movements.  

 

 

Figure 6. Mean, standard deviation, the minimum and maximum values of muscle activation in microvolts 

(uV) for four muscles: the left and right medial gastrocnemius, and the left and right lateral gastrocnemius 

muscles. 

Inertial measurement units will be utilized to measure anatomical joint angles, torque, linear acceleration, and 

COM. The results comparing before and after the intervention will be analyzed using Matlab and an 

appropriate statistical analysis. The Smart Insole dataset was created using information obtained from pressure 

sensor insoles (Figure 7). Participants were asked to start from standing position and walk 10 meters in a 
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straight line. They made a 180-degree turn and went back to the starting point after completing the 10-meter 

distance. Figure 7, where the peaks represent heel strikes, shows example when the subject did not always 

apply enough force to the heels while walking (A). This was most evident when the subject was making 180-

degree turns and mostly used their toes (B).  

A)

 

B) 

 

Figure 7. Gate analysis using Smart Insoles. Blue is for left foot and orange for right foot. A) 20 seconds gate 

analysis B) gate data collected over a duration of 100 seconds. 
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3.2 Anticipated results 

This section delves into the expected outcomes, emphasizing on four assessments (6MWT, 10MWT, TUGT, 

BBS) carried out as a component of our research methodology. We estimate a suitable sample and effect sizes 

using accepted formulae and assumptions in order to guarantee the statistical power required to identify 

significant differences and connections (Santamaria et al., 2023).   

Table 5. Pre-intervention results and anticipated post-intervention data for 4 assessment: 6 MWT, 10MWT, 

TUGT, BBS 

6MWT 

in meters 

10 MWT 

in seconds 

TUGT 

in seconds 

BBS 

total score 

Pre- 

Actual 

data 

Post- 

Anticipated 

Pre- 

Actual 

data 

Post- 

Anticipated 

Pre- 

Actual 

data 

Post- 

Anticipated 

Pre- 

Actual 

data 

Post- 

Anticipated 

130 145 20.32 14,20 72 65 10 15 

200 218 20 14,00 26 21 31 36 

290 315 11 7,70 26 20 37 40 

99 123 22.4 15,60 23 18 41 47 

128 145 18.31 12,80 19 15 35 41 

160 172 11.4 8,00 27 23 47 51 

126 150 30.2 21,00 43 37 13 15 
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Calculating Effect Size 

The magnitude of the association between variables is measured by effect size or the difference between 

groups, offering valuable insights into the real-world implications of our research outcomes. 

To calculate the effect size for our study, we used Cohen's d, which measures the size of the difference between 

two groups. In our case, we will compute Cohen's 𝑑 to quantify the magnitude of change between pre and 

post-intervention assessments within the same group.  Cohen's d formula is as follows:     

𝑑 =
𝑥1 − 𝑥2

𝑠
 

Where: 

 (𝑥1) is the mean of the pre-intervention assessments. 

 (𝑥2) is the mean of the post-intervention assessments. 

 (S) is the standard deviation of the assessments. 

 

Interpreting results: 

Small effect size (around 0.2): Indicates a small but perhaps significant change. 

Medium effect size (around 0.5): Indicates a moderate shift with applicability. 

Large effect size (above 0.8): Indicates a big shift with important real-world ramifications.. 

We use the standard deviation of the pre-intervention assessments in our calculations. 
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Table 6. Based on the provided data from the pre-intervention and anticipated post-intervention assessments 

of the 10 Meter Walk Test (10MWT), the Effect Size was performed using the formula.  

 10MWT (sec) Actual data pre  Anticipated post 

  20,32 14,20 

  20,00 14,00 

  11,00 7,70 

  22,41 15,60 

  18,31 12,80 

  11,40 8,00 

  30,20 21,00 

Mean 19,09 13,33 

SD 6,607925616 4,574827605 

pooled SD   5,683033018 

d_values  

Effect size   -1,014046043 

 

The effect size, calculated using Cohen's d, yielded a value of -1.014, indicating a large effect size (Table 6). 

This substantial effect size suggests that the observed change in performance between the pre and anticipated 

post-intervention assessments is not only statistically significant but also practically significant. 

 

 

General Considerations for Sample Size Estimation: 

For the calculation of an appropriate sample size, we use the formula for sample size (n) is given by: 

𝑛 =
2𝜎2(𝑧𝑐𝑟𝑖𝑡+𝑧𝑝𝑜𝑤)

2

𝐷2                                           (Wang & Ji, 2020) 
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where: 

- ( 𝜎2 ) is the variance of either group, 

- (𝐷2) is the smallest observable difference between the two means, Effect Size 

- (𝑧𝑐𝑟𝑖𝑡) is the standard normal deviate at the level of significance (e.g., 1.96 for a 5% level of significance for 

two-sided tests), 

- ( 𝑧𝑝𝑜𝑤) is the standard normal deviate at the desired power (e.g., 0.84 for 80% power or 1.28 for 90% power). 

We calculated the required sample size using the formula, taking into account the variance and the smallest 

detectable difference (Table 7). This calculation takes into consideration variables like the necessary statistical 

power and significance level (Wang & Ji, 2020). 

Table 7. Based on the provided data from the pre-intervention and anticipated post-intervention assessments 

of the 10 Meter Walk Test (10MWT), the sample size estimation was performed using the formula.  

 10MWT (sec) Actual data pre  Anticipated post 

  20,32 14,20 

  20,00 14,00 

  11,00 7,70 

  22,41 15,60 

  18,31 12,80 

  11,40 8,00 

  30,20 21,00 

Mean 19,09 13,33 

SD 6,607925616 4,574827605 

pooled SD   5,683033018 

d_values Effect size   -1,014046043 

Sample Size   492,4828005 
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 Mean pre-intervention score (μ₁) = 19.09 seconds 

 Mean post-intervention score (μ₂) = 13.33 seconds 

 The pre-interventions' standard deviation (s) = 6.60 

 The post-interventions' standard deviation (s) = 4.57 

 Pooled standard deviation (pooled SD) = 5.68 

 Effect size (d_values) = -1.01 

The minimal detectable difference (D) between pre- and post-intervention means is calculated as the absolute 

difference between the means, which is 19.09−13.33 =5.76 

Substituting the values into the formula, the estimated sample size for the 10MWT is calculated as 

approximately 492 participants. The sample size will decrease as the post-assessment results improve. All 

things considered, the sample size calculation offers a strong foundation for the planning and execution of our 

research, guaranteeing that we have sufficient statistical power to identify any significant effects of the 

intervention.  

 

Data Analysis Using One-Way Analysis of Variance Test:  

To compare the means within the group, we will use the one-way ANOVA (Analysis of Variance) test after 

gathering the pre- and post-intervention data (Mishra et al., 2019). We selected a significance level (α), 

typically set at 0.05, to determine the threshold for statistical significance and formulated hypothesis, which 

is: 

 Null Hypothesis (H0): There is no significant difference between the means of pre and post 

intervention assessments in the group. 

 Alternative Hypothesis (H1): There is a significant difference between the means of pre and post 

intervention assessments in the group. 
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The overall variance in the data is broken down into two components in the ANOVA table (table 8): variation 

within groups (error) and variation across groups (columns). Given that the p-value (0.0821) is higher than 

the significance criterion of 0.05, it may be concluded that there is no statistically significant difference 

between the group's pre- and post-intervention measures on the 10MWT. The comparatively low p-value, 

however, points to a possible trend toward significance and calls for more research using a bigger sample size 

or additional studies.  

 

Table 8. The statistical analysis conducted to compare the pre and post-intervention results on the 10-Meter 

Walk Test (10MWT) within the same group. 

 

The sum of squares (SS) associated with the "Columns" factor is 116.237, indicating the magnitude of 

variation between the pre and post-intervention measurements, while the SS for "Error" is 387.562, reflecting 

the overall variability within the group. Degrees of freedom (df) reveal that there is 1 df linked to the 

"Columns" factor and 12 df associated with the "Error" term. Mean squares (MS) provide additional insight, 

with the MS for "Columns" being 116.237 and for "Error" being 32.297. The F-statistic, calculated as the ratio 

of MS for "Columns" to MS for "Error," is 3.6. Lastly, the p-value (0.0821) associated with the F-statistic 

signifies the likelihood of observing an F-value as extreme as the calculated one under the assumption of no 

significant difference between the pre and post-intervention measurements. 
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CHAPTER FOUR: DISCUSSION 

The purpose of this research is to determine if balance therapy, such as ground perturbation training with 

training using transverse plane perturbation are beneficial in helping adolescents with ataxic and spastic 

cerebral palsy to improve their functional balance. It is anticipated that, upon completion, the research will 

offer insightful information about the effectiveness of various balance therapy methods for children with CP.   

Since the mid-2000s, there has been a growing interest in using mechanical perturbations to prevent falls 

(McCrum et al., 2022). Several important works on perturbation-based training were noted by McCrum et al. 

in their work. Grabiner et al. (2008) and Oddsson et al. (2007) have explored task-specific training to reduce 

fall risk, while Mansfield et al. (2007) published the first protocol for a randomized controlled trial of PBT in 

older adults. The results of this study demonstrate the potential benefits of PBT therapies for both clinical 

viability and the incidence of falls in daily life. Understanding these mechanisms might help in the creation 

of specialized therapies that target specific problems and encourage neuroplasticity in children with cerebral 

palsy.  

This study's findings could significantly impact clinical practice in rehabilitation for individuals with cerebral 

palsy. The proposed balance therapy interventions could improve functional outcomes, mobility, and 

independence. The study's methodology could guide future research in pediatric rehabilitation, and its 

structured training protocol could inspire innovative multimodal interventions targeting balance control 

mechanisms. Furthermore, for wide-spread adoption and scalability, cost-effectiveness of integrating 

perturbation-based balance training in clinical practice is crucial.  

As a result, this study establishes the foundation for further investigation into balance training therapies for 

children with cerebral palsy and the development of treatment plans that maximize motor function and 

enhance quality of life for this population. We can further improve the effectiveness and accessibility of 

rehabilitation programs for people with CP by addressing these future directions.  
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Strengths and limitations of this study 

 Small sample size: The study might not have enough statistical power to identify significant 

differences or correlations between variables if the sample size is limited. 

 Limited Generalizability: Only children with spastic CP who are categorized as GMFCS levels I and 

II are eligible to participate in the study. The results might not apply to a larger group of kids with cerebral 

palsy because of this specific demographic.  

 Innovative Intervention Strategy: The study presents an innovative approach that combines 

perturbation given simultaneously from the ground and in the transverse plane. Several aspects of balance 

control in children with cerebral palsy may be addressed by this novel technique, which could result in more 

positive outcomes. 

 Multifaceted Outcome Measures: The study uses a wide range of outcome measures, including 

Timed Up and Go Tests, 6MWT, 10MWT, and the Berg Balance Scale. Additionally, a thorough assessment 

of the biomechanical, physiological, and neuromuscular responses is made possible by the application of 

cutting-edge technologies such as Electromyography, Smart Insoles and Inertial Measuring Units.  

 

 

 

 

 

 

 

 

 



 

27 

CHAPTER FIVE: CONCLUSION 

By using externally applied forces during balance training, this study seeks to close a significant knowledge 

gap on the impact on functional balance and gait stability in children with cerebral palsy. We can increase our 

knowledge of and efficacy in balance training interventions for children with cerebral palsy by utilizing the 

body of current research and implementing a thorough approach to intervention design and evaluation. This 

will ultimately improve the functional outcomes and quality of life for these children.  To further understand 

the long-term effects of balance training with externally applied forces on motor function and quality of life 

in children with cerebral palsy, longer-term research with bigger sample sizes are necessary. A thorough grasp 

of the factors influencing treatment results and the sustainability of treatment effects could be achieved by 

longitudinal studies.  
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