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ABSTRACT

	Background: Impaired dynamic balance is a common consequence of chronic stroke, often limiting mobility and increasing fall risk. Traditional rehabilitation typically involves training on flat, stable surfaces, which may not adequately simulate real-world conditions. Incorporating walking on natural grass may offer a functional and effective way to enhance postural control and balance recovery.
Aims: To evaluate the impact of grass surface walking program on improving dynamic balance in individuals with chronic stroke.
Place and Duration of Study: Out-Patient Department, Kanishka Physiocare Physiotherapy Centre, Jaipur, between October 2024 and March 2025.
Methodology: Study was conducted with 20 chronic stroke survivors, all were adults aged between 50-70 years, diagnosed with ischemic or hemorrhagic stroke at least six months before recruitment (chronic phase), ability to walk independently with or without assistive devices (Functional Ambulation Category ≥3), Mini-Mental State Examination (MMSE) score ≥24 (to ensure cognitive ability to follow instructions), and medically stable and cleared for physical activity by a physician. ‘Participants were divided equally into two groups’: the experimental group underwent a 4-week grass walking intervention, while the control group received routine physiotherapy. Dynamic balance was assessed pre- and post-intervention using the ‘Timed Up and Go (TUG) Test and the Dynamic Gait Index (DGI)’. Statistical analysis included ‘paired t-tests and group comparisons’, with significance set at ‘P < 0.05’.
Results: This study included a total of 20 participants (10 in each group), with equal distribution of gender (5 males and 5 females per group). The mean age was comparable between groups — 62.5 years in the Grass Walking group and 62.7 years in the Control group. The grass walking group saw a notable decrease in TUG scores (mean reduction from 22.11s to 17.20s, P = 0.000) and a marked improvement in DGI scores (mean increase from 14.4 to 18.4, P = 0.000). In contrast, the control group exhibited minimal changes in both TUG and DGI, which, although statistically significant due to low variability, were not clinically meaningful. 
Conclusion: Walking on a natural grass surface significantly enhances ‘dynamic balance and functional gait’ in individuals with chronic stroke. Incorporating grass surface into rehabilitation programs may offer a cost-effective, practical, and functionally relevant strategy for improving post-stroke mobility outcomes.
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1. INTRODUCTION

1.1 Background:
Stroke is a leading cause of long-term disability worldwide and significantly impairs motor, sensory, and cognitive functions, often resulting in difficulty with balance and mobility. Survivors may struggle greatly to manage their psychological discomfort and restore motor function (Vyas et al., 2023). Among these, impaired postural control and gait instability are major challenges that limit independence in daily living and increase the risk of falls, especially in individuals with chronic stroke (Langhorne et al., 2009). Stroke survivors often exhibit asymmetrical weight distribution, reduced proprioceptive feedback, muscle weakness, and impaired coordination, all of which contribute to deficits in dynamic balance — the ability to maintain stability while in motion (Geurts et al., 2005; Tyson et al., 2006). 
Rehabilitation strategies for stroke patients traditionally include task-specific training, balance exercises, and gait re-education on flat and stable surfaces. While these conventional methods are beneficial, they may not fully address the sensory and neuromuscular demands required for real-world environments, which are rarely uniform or predictable (Shumway-Cook et al., 2016). Therefore, rehabilitation approaches that mimic naturalistic conditions may offer enhanced benefits by stimulating the body’s adaptive responses.
Walking on natural surfaces such as grass introduces multiple external challenges that can stimulate greater postural engagement and sensorimotor coordination. Grass surfaces are inherently uneven, soft, and variable in texture, requiring continuous adjustments in muscle activity and joint control to maintain stability. These conditions can increase proprioceptive demands, leading to enhanced activation of balance-related neural pathways (Yeun Lee et al., 2011). Moreover, walking on grass can improve anticipatory and reactive postural adjustments, which are crucial for dynamic balance, especially during community ambulation (Balasubramanian et al., 2014).
Evidence suggests that walking on irregular or compliant surfaces challenges the neuromuscular system more than walking on hard surfaces, potentially inducing beneficial neuroplastic changes (Apriliyasari et al., 2021). Training on such terrains could foster improvements in lower limb strength, coordination, and trunk stability, all of which are essential for balance control in stroke rehabilitation. However, while unstable surface training has been investigated in various forms, specific studies focusing on grass surfaces — a readily available and cost-effective outdoor resource — remain limited.
Therefore, this study investigates the effectiveness of walking on a natural grass surface in improving the dynamic balance of individuals with chronic stroke. The hypothesis is that regular exposure to walking on grass will result in measurable improvements in dynamic balance, as assessed by validated clinical tools. By exploring this novel, ecological approach to stroke rehabilitation, the study seeks to contribute practical insights into optimizing community-based mobility training.
1.2 Objective: To evaluate the effectiveness of walking on a natural grass surface in enhancing dynamic balance among individuals with ‘chronic stroke’, using validated clinical outcome measures such as the ‘Timed Up and Go (TUG) test’ and the ‘Dynamic Gait Index (DGI)’, and to compare the outcomes with those achieved through conventional physiotherapy on flat indoor surfaces.
1.3 Aim: This study's aim was to assess the effectiveness of walking on a grass surface in improving dynamic balance in individuals with ‘chronic stroke’.
2. methodology:

2.1 Study Setting and Duration: The study was conducted at a outpatient facility of Kanishka Physiocare Physiotherapy Centre, Jaipur with access to a safe, level, natural grass surface. Data collection, intervention, and assessments were carried out over a four-week period, including pre-assessment, a four-week intervention, and post-assessment.
2.2 Selection criteria: Participants who were part of the research were adults aged between 50-70 years, diagnosed with ischemic or hemorrhagic stroke at least six months prior to recruitment (chronic phase), ability to walk independently with or without assistive devices (Functional Ambulation Category ≥3), Mini-Mental State Examination (MMSE) score ≥24 (to ensure cognitive ability to follow instructions), and medically stable and cleared for physical activity by a physician. Patients having severe musculoskeletal or orthopedic conditions affecting gait, cardiopulmonary conditions that contraindicate moderate physical activity, visual or vestibular impairments severely affecting balance, participation in other balance training or gait-focused rehabilitation programs that ran during that time frame were not included in the study.
2.3 Sample Size and Recruitment: Purposive sampling was used to enroll a total of 20 individuals from the outpatient registry of the rehabilitation center. All participants were briefed about the study protocol, and written informed consent was obtained. The sample size was determined based on previous studies that examined balance outcomes in stroke rehabilitation with similar interventions, allowing for adequate statistical power.
Ethical Considerations: The study protocol was reviewed and approved by the Institutional Ethics Committee of the rehabilitation facility. Participants were ensured confidentiality, voluntary participation, and the right to withdraw from the study at any time.
2.4 Procedure: This study was carried out in a structured and controlled outpatient rehabilitation setting, ensuring participant safety and consistency in intervention delivery. The procedure was divided into five main phases: participant recruitment, screening, baseline assessment, intervention (grass surface walking), and post-intervention assessment.
Baseline assessment: Before starting the intervention, all participants underwent baseline evaluations performed by a qualified physiotherapist who was blinded to the group allocation.
The following standardized assessments were conducted: ‘Timed Up and Go (TUG)’ Test: To measure dynamic mobility and ‘Dynamic Gait Index (DGI)’: To assess gait performance under various walking conditions.
All assessments were conducted in a quiet clinical space to reduce environmental distractions. The same therapist conducted both pre- and post-intervention assessments for consistency, but remained blinded to the participants’ group allocation to minimize bias.
Intervention: 
Grass Walking Group (Experimental Group)- This group's members took part in a program of supervised walking on a natural grass surface for four weeks, with sessions conducted five times per week, totaling 20 sessions. Each session lasted 30 minutes which included warm up for 5 minutes having active stretching (ankle pumps, marching on the spot) and slow walking on a firm concrete surface than Main Activity (20 minutes) including Forward walking, backward walking, and turning, Obstacle navigation using small cones or markers on the grass, Side-stepping and walking in figure-of-eight patterns, Dual-task walking introduced after Week 2 (e.g., carrying a ball, head turns), Progressive increase in walking speed and complexity. Lastly, Cool-down (5 minutes) comprising of Slow walking and static stretching (calf, hamstring, quadriceps).
Control Group (Routine Physiotherapy Group): Participants in the ‘control group’ did not receive the grass walking intervention. They received conventional physiotherapy focusing on balance and gait training, which is widely used in post-stroke rehabilitation. The sessions were conducted for ‘45 minutes per day, 5 days a week, over a period of 4 weeks’, totaling 20 sessions (Pollock et al., 2014; Langhorne, Bernhardt, & Kwakkel, 2011).
The exercise program included static and dynamic balance activities, gait training on flat indoor surfaces, lower limb strengthening, and functional mobility drills. This dosage aligns with stroke rehabilitation guidelines and clinical research standards, which recommend frequent, repetitive, and task-oriented practice for functional improvement (Ada et al., 2006; Langhorne et al., 2011).
All sessions of both the groups were supervised by a licensed physiotherapist who ensured proper technique, corrected posture deviations, and monitored for signs of fatigue or discomfort. Assistive devices (e.g., canes) were used if required, but participants were encouraged to walk independently when safe.
Post-Intervention Assessment: Following the end of the four-week intervention period, both groups were reassessed using the same clinical tools: TUG Test, DGI. The assessments were conducted under identical conditions to the baseline assessment and by the same blinded assessor. The data was recorded systematically for further statistical analysis.
Safety and Monitoring: Throughout the study: Participants were monitored for adverse events such as falls, fatigue, dizziness, or pain, rest breaks were allowed as needed during sessions, emergency protocols were in place, although no adverse events were reported.
Table 1. Summary of Procedure:
	Phase
	Description

	Recruitment
Screening
Baseline Assessment
Intervention (Grass Group)
Control Group
Post Intervention
Safety Measures
	Through referrals and purposive sampling
Based on inclusion/exclusion criteria
TUG and DGI, administered by a blinded physiotherapist
30-minute walking sessions on grass (5×/week for 4 weeks)
Routine physiotherapy without specialized gait training
Reassessment using TUG and DGI after 4 weeks
Continuous supervision, use of assistive devices if needed



2.5 Statistical Analysis: ‘Paired t-test, Cohen’s d, P < 0.05’.

3. results

This study included a total of ‘20 participants’ (10 in each group), with equal distribution of gender (5 males and 5 females per group). The mean age was comparable between groups — 62.5 years in the Grass Walking group and 62.7 years in the Control group.
Table 2. Age and Gender Distribution:

	Group
	Mean Age (years)
	SD Age
	Male (n)
	Female (n)

	Grass Walking
Control 
	      62.5
      62.7
	2.3
2.5
	5
5
	5
5





3.1 Comparison of TUG and DGI Improvements between the Groups:
The table 3 presents a comparison of outcome improvements between the Grass Walking group and the ‘Control group’ in terms of dynamic balance, as measured by the ‘Timed Up and Go (TUG) test’ and the ‘Dynamic Gait Index (DGI)’.
In the TUG test, which assesses functional mobility and dynamic balance, participants in the Grass Walking group demonstrated a mean improvement of 5.09 seconds from pre- to post-intervention. In contrast, the Control group showed improvement of 1.98 seconds. This substantial difference highlights the greater effectiveness of grass surface walking in enhancing mobility and reducing fall risk in chronic stroke patients.
Similarly, in the DGI scores, which evaluate the ability to modify gait in response to changing task demands, the Grass Walking group improved by an average of 4.20 points. This contrasts with the Control group, which recorded a 1.60-point increase. The greater gain in the experimental group suggests that walking on grass significantly enhances dynamic gait adaptability and postural control.
Table 3. Comparison of TUG and DGI Improvements between the Groups:
	Group
	TUG Improvement (sec)
Mean
	DGI Improvement (score)
Mean

	Grass Walking
Control 
	5.09
1.98
	4.20
1.60



3.2 Comparison of Outcome Measures:
The table 4 presents the comparative analysis of functional mobility and dynamic balance in individuals with chronic stroke across two groups: Grass Walking (experimental) and Control. Two standardized outcome measures were utilized: the ‘Timed Up and Go (TUG) Test and the Dynamic Gait Index (DGI)’. Measurements were recorded both before (pre-intervention) and after (post-intervention) a 4-week intervention period. 
Table 4. Comparison of Pre- and Post-Test Results with P-values.:
	Group
	Outcome Measure 
	Pre-Intervention Mean
	Post-Intervention Mean
	P-value

	Grass Walking
Grass Walking 
Control
Control
	TUG (sec)
DGI (score)
TUG (sec)
DGI (score)
	22.11
14.40
22.09
13.70
	17.20
18.40
20.11
15.30
	0.001
0.001
0.001
0.001




Grass Walking Group: 

TUG (sec): Participants in the grass walking group demonstrated a substantial improvement in their mobility, reflected by a reduction in the average TUG score from 22.11 seconds pre-intervention to 17.20 seconds post-intervention. This indicates a faster and more stable ability to stand, walk, turn, and sit, suggesting improved dynamic balance and gait efficiency. The change was statistically significant (P = 0.001), denoting a high level of confidence in the results.

DGI (score): This group also showed a notable increase in DGI scores, from 14.40 to 18.40, indicating better performance in dynamic gait tasks such as head turns, obstacle negotiation, and stair climbing. The improvement in DGI reflects enhanced functional mobility and reduced risk of falls. The result was again ‘statistically significant (P = 0.001)’, supporting the effectiveness of grass surface walking in stimulating neuro-motor adaptations.

Control Group: 

TUG (sec): Although the control group also showed a slight reduction in TUG time (from 22.09 to 20.11 seconds), the magnitude of change was minimal in contrast to the experimental group. A statistically significant outcome was obtained (P = 0.001), likely due to the low variability in a small sample, but the clinical relevance of such a small change is questionable.

DGI (score): The DGI score in the control group increased from 13.70 to 15.30, indicating a marginal improvement in balance and gait functions. Despite statistical significance (P = 0.001), the improvement falls short of clinical significance, implying that routine physiotherapy alone may have limited impact in enhancing dynamic gait in this population.
3.3 Interpretation: 
The results demonstrate that grass surface walking has a more profound impact on improving dynamic balance and functional mobility compared to routine physiotherapy. The natural variability and unevenness of the grass surface may have provided increased proprioceptive input and balance challenges, leading to better neuromuscular adaptations. This supports the inclusion of outdoor, terrain-based walking in rehabilitation protocols for stroke survivors to promote more meaningful functional gains.
[image: Output image]
Graph 1. Analysis of pre- and post-test results between the two groups.
4. DISCUSSION

Stroke often results in long-term neuromuscular deficits that affect dynamic balance, gait, and overall mobility. These impairments significantly reduce the functional independence of individuals and increase their risk of falls and associated complications. Rehabilitation programs targeting gait and balance recovery are critical to improving quality of life among stroke survivors. The present study evaluated the impact of walking on a grass surface—an uneven, natural terrain—on improving dynamic balance in individuals with ‘chronic stroke’, using objective outcome measures: the ‘Timed Up and Go (TUG) test and the Dynamic Gait Index (DGI)’.

An important consideration in evaluating the clinical significance of rehabilitation outcomes is whether the observed changes exceed the Minimal Detectable Change (MDC)—the smallest change that reflects a true difference, beyond measurement error.

For the Timed Up and Go (TUG) test, the MDC in individuals with chronic stroke has been reported as approximately 3.2 seconds (Flansbjer et al., 2005). In our study, participants in the grass walking group demonstrated a mean improvement of 5.09 seconds, which clearly exceeds the MDC. This suggests that the improvements in mobility observed in the experimental group are not only statistically significant but also clinically meaningful.

Similarly, the Dynamic Gait Index (DGI) has an MDC value of approximately 2.9 points in post-stroke populations (Jonsdottir & Cattaneo, 2007). The grass walking group showed a mean improvement of 4.2 points, indicating a functionally relevant enhancement in dynamic balance capabilities. In contrast, the control group improvements remained well below these MDC thresholds, reinforcing the limited clinical impact of conventional physiotherapy alone in this setting.

By exceeding MDC values for both TUG and DGI, the intervention involving grass surface walking demonstrates robust clinical efficacy and potential for integration into stroke rehabilitation protocols.

The results showed that individuals in the ‘grass-walking group’ showed statistically significant improvements in both TUG and DGI scores compared to those in the ‘control group’. The TUG score in the ‘experimental group’ improved from 22.11 seconds to 17.20 seconds (P = 0.001), indicating enhanced functional mobility and reduced time taken for transitional movements such as sitting, standing, and walking. In contrast, the ‘control group’ showed only a minimal improvement in TUG scores (22.15 to 21.66 seconds), suggesting that standard physiotherapy may not offer sufficient challenge to elicit substantial gains in mobility in this population.

These results align with previous research emphasizing the importance of task-specific and environment-specific training in post-stroke rehabilitation. Walking on uneven terrain such as grass introduces unpredictable sensory and mechanical stimuli, which can improve postural control and proprioceptive feedback mechanisms (Dean et al., 2000). Stroke survivors exposed to variable surface training, including compliant and irregular terrains, showed improved balance and gait adaptability compared to those trained on flat surfaces (Marigold & Eng, 2006).

The significant improvement in DGI scores—from 14.4 to 18.4 (P = 0.001)—further supports the benefits of grass surface walking in enhancing dynamic gait. DGI assesses the ability to perform complex walking tasks such as turning the head while walking, stepping over obstacles, and ascending stairs. The improvement suggests that participants developed greater gait adaptability and safety in real-world environments, which is crucial for community ambulation. Training in variable environments improves cognitive and sensorimotor integration during gait tasks, enhancing overall mobility and balance (Patla & Shumway-Cook, 1999).

Moreover, exposure to natural outdoor settings may offer additional psychological and motivational benefits. Walking in an open environment has been associated with increased patient engagement, enjoyment, and adherence to therapy (Pretty et al., 2005). These psychosocial factors may also contribute to the superior outcomes observed in the experimental group. Nature-based activities enhance attention and reduce mental fatigue, which may indirectly support motor learning and balance recovery in neurological populations (Berman et al., 2008).

Although both outcome measures showed statistically significant changes in the control group, the clinical magnitude of improvement was modest. The small sample size could be the reason for the discrepancy between statistical and clinical significance and also for low variability within the group. Nonetheless, the findings underscore the importance of incorporating environmental complexity into rehabilitation programs to challenge the neuromuscular system more effectively.

Walking on a grass surface significantly improves dynamic balance and gait performance in individuals with chronic stroke. The use of natural, uneven terrain serves as an effective, low-cost, and functionally relevant therapeutic modality that can be integrated into rehabilitation programs to enhance real-world mobility and reduce fall risk among stroke survivors.

5. Conclusion

This study demonstrated that walking on a grass surface significantly enhances functional mobility and dynamic balance in people who have had a chronic stroke. Participants who underwent a 4-week grass walking intervention exhibited marked improvements in ‘Timed Up and Go (TUG)’ and ‘Dynamic Gait Index (DGI)’ scores compared to those receiving conventional physiotherapy alone.

The uneven and variable terrain of natural grass likely provided enhanced sensory stimulation and motor challenges, promoting better neuromuscular adaptations and postural control. These findings support the integration of terrain-based walking, particularly on natural surfaces like grass, as an effective and low-cost adjunct to traditional rehabilitation programs for stroke survivors.

Incorporating such environment-specific training can not only improve clinical outcomes but also increase the ecological validity of rehabilitation, better preparing patients for real-world mobility demands.

6. LIMITATIONS

The sample size was relatively small, limiting generalizability. In addition, the intervention period was only four weeks; longer durations may yield more pronounced improvements.

7. RECOMMENDATIONS FOR FUTURE STUDY

Future studies should investigate the long-term effects of grass surface walking and its impact on fall prevention, independence, and quality of life in a larger cohort.
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