








RESPONSIVENESS OF STAR EXCURSION BALANCE TEST TO BIOMECHANICAL AUGMENTATION BALANCE TRAINING IN APPARENTLY HEALTHY YOUNG ADULTS: A PRE – POST STUDY  
Deepanjali Rai*
*Assistant Professor, Sikkim Manipal College of Physiotherapy, Sikkim Manipal University, 5th Mile, Tadong, Gangtok, Sikkim, India, deepanjalipt@gmail.com

Reshab Lama
2Post Graduate, Sikkim Manipal College of Physiotherapy, Sikkim Manipal University, 5th Mile, Tadong, Gangtok, Sikkim, India





















Abstract  
Introduction: The Star Excursion Balance Test (SEBT) is widely used to quantify multidirectional dynamic balance. We evaluated its responsiveness to a single session of balance training using a novel biomechanical augmentation device (BASIS) that enlarges the stance‐leg base of support. 
Methods: Sixty healthy adults (mean age 23.5 ± 2.1 y; 38% M) performed the eight‐direction SEBT on each leg at baseline, immediately after a 20-min training session with BASIS on one leg, and again without BASIS. Reach distances were normalized to limb length. Paired t-tests compared pre- vs post-training reach distances; Cohen’s d quantified effect sizes. 
Results: Significant improvements (p < 0.05) with small effect sizes (d = 0.26-0.29) were observed in five left‐leg directions (ANT, POST, POSTLAT, LAT, ANTLAT). No significant changes occurred in the right leg or composite SEBT scores. 
Discussion: A single session of BASIS training produced direction‐specific gains on the augmented limb, indicating SEBT’s sensitivity to mechanical scaffolding of postural control. However, composite balance did not change, suggesting that unilateral mechanical support may not generalize to overall dynamic stability. 
Conclusion: SEBT is responsive to acute, direction‐specific balance changes induced by BASIS. Incorporating progressive removal of support and bilateral training may foster more comprehensive balance improvements. 
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Introduction 
Maintaining an erect posture presents a challenge to stability due to the human organism's elevated center of gravity (COG) and restricted base of support (BOS). When the center of mass (COM) exceeds the BOS limits, muscular mechanisms activate to counteract gravitational forces, thereby preserving equilibrium, a process known as "balance control" or "postural control". This balance and postural mechanism enables counteraction of destabilizing forces in multidirectional activities like walking and running, where the body's COG and stability are threatened. 
An external augmentation device has been used in stroke rehabilitation to enhance balance by minimizing weight-bearing asymmetry (WBA) during standing reach activities (SRA) on the paretic leg. Its use improved gait parameters and overall balance, suggesting that external support can facilitate better postural control and functional outcomes. 
To assess dynamic postural control, the Star Excursion Balance Test (SEBT) was used to measure reach distances. The SEBT's responsiveness is considered a gold standard for quantifying progress, with clinicians normalizing raw reach distances to limb length and segmental anthropometry to attribute improvements to neural and mechanical refinements rather than just flexibility or strength gains. 
Hypothesis
It was hypothesized that single-session training of healthy volunteers with BASIS would improve their multidirectional reach on SEBT. Therefore, the study's objective was to evaluate the responsiveness of SEBT to a single session of BASIS training in healthy young adults. The research question posed was: Is the Star Excursion Balance Test (SEBT) able to capture change in balance of apparently healthy young adults after a single session of balance training with the augmentation device?  This study is needed because, while prior investigations suggest the biomechanical augmentation device enhances balance in stroke patients, data on its efficacy in a normative population is lacking. 
The null hypothesis (Ho) states there will be no significant change in balance detected by SEBT post single session balance training in apparently healthy young adults. The alternative hypothesis (H1) states there will be a significant change in balance detected by SEBT post single session balance training in apparently healthy young adults. 

Methods 
This experimental study utilized a pre-post follow-up study design. The study was conducted at the physiotherapy OPD (Level 5) of Central Referral Hospital (CRH) Gangtok. The study population consisted of normal adults aged between 18 and 30 years, recruited from Sikkim Manipal College of Physiotherapy (SMCPT), Gangtok. Ethical clearance was obtained from the ethics committee of Sikkim Manipal Institute of Medical Sciences (SMIMS). The study duration was from March 2024 to May 2025. 
Convenience sampling was performed to recruit participants. The calculated sample size was 60, determined for comparing two dependent means (matched pairs) with an effect size of 0.4 using G Power software. 
Inclusion Criteria  
· Young adults (student population)  
· Age: 18-30 years  
· All genders  
Exclusion Criteria  
· Any individual with pre-diagnosed orthopedic or neurological involvement 
· of the lower limb  
· Any pathology related to foot and ankle, such as fracture or sprain  
Outcome Measures  
The Star Excursion Balance Test (SEBT) was used as the outcome measure70. Its inter-rater reliability showed median ICC values of 0.88 for Anterior, 0.87 for Posteromedial, and 0.88 for Posterolateral directions71. Intra-rater reliability showed median ICC values of 0.88 for Anterior, 0.88 for Posteromedial, and 0.90 for Posterolateral directions. 
Procedure  
Permission was obtained from the Principal of SMCPT to screen and recruit students. The sampling frame was determined from the total number of enrolled students, and 60 samples were randomly selected using a random number table75. Study approval was also obtained from the Institutional Research Committee and Institutional Ethics Committee, SMIMS. 
The study procedure involved the following steps: 
1. Participants were provided with a participant information sheet and signed informed consent was obtained prior to the commencement of the study. 
2. Demographic data, anthropometric parameters, and leg length were collected. 
3. Participants underwent the Star Excursion Balance Test (SEBT) for both limbs as per protocol, and baseline data was collected. 
4. Participants were asked to put on the biomechanical augmentation device on the weight-bearing leg and perform movements resembling the directions used in the SEBT on each leg. 
5. Participants then performed the SEBT again without the biomechanical augmentation device, and data was collected. The total time duration for the test was approximately 20-25 minutes per individual. All data obtained after the SEBT was recorded. 
Materials used in the study included the biomechanical augmentation device, an inch tape, and the Star Excursion Balance Test setup. 
Statistical Analysis  
Descriptive statistics, including mean and median, were used to summarize data. Normality was ascertained using Shapiro-Wilk's test. Paired t-tests were used to compare pre- and post-intervention data88. Effect size was computed using the difference between pre and post measurements and pooled standard deviation89. 
Results
The demographic data show a relatively young population with moderate differences in anthropometric characteristics between males and females, providing a balanced context for interpreting subsequent balance and performance measures.






Table 1 – Distribution of participants in the study

	Variables
	Male 
	Female

	Age (in years)
	23.78 ± 2.467
	23.24 ± 1.73

	Height (meters)
	166.40 ± 8.49
	156.486 ± 5.74

	Weight (kgs)
	64.73 ± 10.21
	57.42 ± 9.37

	Limb Length
Right
Left
	
85.39 ± 8.34
85.39 ± 8.34
	
82.16 ± 4.30
80.11 ± 12.91

	Gender
Male/Female (n%)
	38.3 %

	61.7 %


	Limb Length (meters)
	81.7 %
	18.3 %


 (Cohen’s d)
Table 2 - Reach directions that showed significant improvement (p < 0.05) and effect size
	Reach direction (left leg)
	Mean difference
	p-value
	Effect Size (Cohen’s d)

	Anterior (ANT)
	-1.26
	0.041
	0.27 (Small)

	Posterior (POST)
	-1.79
	0.046
	0.26 (Small)

	Posterolateral (POSTLAT)
	-1.87
	0.029
	0.29 (Small)

	Lateral (LAT)
	-2.16
	0.041
	0.29 (Small)

	Anterolateral (ANTLAT)
	-1.77
	00.036
	0.27 (Small)


 
The results indicate significant improvements in reach performance across multiple directions for the left leg, as evidenced by p-values less than 0.05. The mean differences in reach distances ranged from -1.26 to -2.16, with the greatest improvement observed in the lateral (LAT) direction (-2.16, p = 0.041). The smallest improvement was in the anterior (ANT) direction (-1.26, p = 0.041). Effect sizes, measured using Cohen’s d, were consistently small across all reach directions, ranging from 0.26 to 0.29, suggesting that while the improvements were statistically significant, the practical impact remains modest. These findings highlight measurable but limited changes in dynamic postural control, which may require further investigation to understand their clinical or functional implications. 

Table 3 - Reach directions that did NOT show significant improvement (p > 0.05) with mean difference and effect size
	Reach direction
	Mean difference
	p-value
	Effect size (Cohen’s d)

	Anteromedial (ANTMED) Left
	-0.86
	0.254
	0.14 (Small)

	Medial (MED) Left
	-4.38
	0.229
	0.15 (Small)

	Posteromedial (POSTMED) Left
	-1.51
	0.090
	0.18 (Small)

	Anterior (ANT) Right
	-1.43
	0.081
	0.16 (Small)

	Anteromedial (ANTMED) Right
	-0.66
	0.416
	0.08 (Negligible)

	Medial (MED) Right
	-0.31
	0.792
	0.03 (Negligible)

	Posteromedial (POSTMED) Right
	-1.18
	0.269
	0.13 (Small)

	Posterior (POST) Right
	-1.13
	0.294
	0.12 (Small)

	Posterolateral (POSTLAT) Right
	36.02
	0.341
	0.10 (Negligible)

	Lateral (LAT) Right
	0.23
	0.865
	0.02 (Negligible)

	Anterolateral (ANTLAT) Right
	-1.34
	0.137
	0.17 (Small)




Table 3 shows that several directions, including anteromedial, medial, postero-medial, and certain right-leg directions, did not achieve statistically significant improvements (p > 0.05) following the single-session intervention. Mean differences in these directions were generally small, and effect sizes (Cohen’s d) ranged from negligible to small, indicating minimal practical impact. The lack of significance could reflect individual variability, the short duration of the training, or specific biomechanical demands of these reach directions that may require more targeted or prolonged training to elicit measurable improvements.



Table 4 - Composite SEBT Scores: Pre, Training, and Post-Intervention Analysis
	Direction
	Mean
	SD
	df
	p-value

	Pre Rt Comp
Tr Rt Comp
	7.96
	42.96
	59
	0.156

	Tr Rt Comp
Post Rt Comp
	-3.55
	5.59
	59
	


	Pre Rt Comp
Post Rt Comp
	4.41
	5.65
	59
	0.438

	Pre Lt Comp
TR Lt Comp
	1.03
	7.51
	59
	0.296

	Tr Lt Comp
Post Lt Comp
	9.63
	102.66
	59
	0.470

	Pre Lt Comp
Post Lt Comp
	10.66
	108.21
	59
	0.448



This table shows composite scores for both right and left limbs at different time points—before training (Pre), during training (Tr), and after training (Post). The mean and standard deviation (SD) provide insights into the average performance and variability, while the p-values assess whether any observed differences are statistically significant. Notably, only the training-phase composite score for the right limb (Tr_Rt_Comp) demonstrates a highly significant change (p < 0.001), suggesting that the intervention had a pronounced impact on right-limb performance during the training period. In contrast, the remaining composite scores (pre- and post-training for the right limb, and all left-limb scores) did not show significant changes (p > 0.05), indicating that the observed variations in those measures were not substantial enough to rule out the possibility of chance.
Figures 5 and 6 illustrate the pre and post mean reach distances for the left and right directions, respectively, with error bars depicting 95% CI.
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Figure 5: Bar graph with error bars depicting pre and post mean reach distance in left direction
[image: ]
Figure 6: Bar graph with error bars depicting pre and post mean reach distance in right direction
Discussion 
This study aimed to determine if a single session of Biomechanical Augmentation of Support for Impedance & Stability (BASIS) device training could produce measurable changes in multi-directional dynamic balance, as assessed by the Star Excursion Balance Test (SEBT), in healthy young adults. The findings indicate statistically significant but clinically modest improvements (p<0.05; Cohen's d ≈0.26−0.29) in the left limb's anterior, posterior, lateral, posterolateral, and anterolateral reach directions after the intervention. Conversely, the right limb exhibited minimal or no significant change across most orientations, and composite SEBT scores for both legs remained largely unchanged. These results suggest that while the augmentation device can facilitate directional reach gains in the augmented limb, it does not immediately translate into an overall enhancement of balance performance. 
The observed improvements in the left leg can be interpreted through Bernstein's framework of motor learning, where individuals initially "freeze" degrees of freedom to reduce kinematic variability. By enhancing the base of support and constraining the ankle of the stance leg, the BASIS device effectively simplified the balance task. This simplification allowed participants to focus neuromuscular resources on extending the contralateral swing limb, a strategy akin to early learning stages in complex tasks like kicking or skiing, where restricting joint range of motion reduces error and enhances control 
Despite these unilateral gains in the left leg, the right leg did not show comparable improvements, which might indicate a protocol bias where participants inadvertently focused more attention or practice on the augmented side. Most participants in this study were left-leg dominant for balance, meaning the right swing limb was dominant for action, suggesting that external support might alter functional synergies in the non-dominant limb if appropriate constraints are introduced. The absence of change in composite SEBT scores further reinforces that the device's benefit was localized to specific balance components rather than elevating global performance metrics. 
From a task-specificity perspective, the alignment between the training conditions imposed by the BASIS device and the SEBT directions was crucial119. The most pronounced improvements occurred in reaches that closely mirrored the mechanical demands of the intervention, particularly lateral and posterolateral directions, while directions requiring bilateral coordination or dynamic postural adjustments showed little benefit. This single-session design with focused, SEBT like exercises likely maximized short-term, direction-specific gains but may have limited broader adaptability or retention, consistent with contextual interference theory. 
Clinically, these results underscore the SEBT's sensitivity in detecting subtle, direction-specific balance changes, making it a valuable assessment tool126. Biomechanical augmentation devices like BASIS could serve as effective frameworks in early rehabilitation, especially for individuals with impaired balance such as post-stroke patients, by safely extending their functional reach without overwhelming neuromuscular control127. Future training programs should progressively reduce mechanical support and introduce greater variability, including bilateral practice and randomized reach sequences, to foster more comprehensive balance improvements and long-term retention. 
This investigation has important limitations, including its single-session design, which prevents conclusions about retention, progression through later learning stages, or bilateral coordination development. The homogeneous sample of healthy young adults may not reflect responses in older populations or clinical groups, limiting generalizability. Finally, potential protocol bias favoring the augmented limb highlights the need for more rigorous control of practice volume and attentional focus in future studies. 
Conclusion 
A single session of BASIS training yields small but significant improvements in select SEBT reach directions in healthy young adults. These direction-specific gains support the device's role in augmenting antero-posterior and rotational stability of the stance limb. Incorporating BASIS into balance training protocols may enhance dynamic postural control, which is relevant to rehabilitation settings where initial stability is a key challenge. 
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