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EFFECTS OF STRUCTURED EXERCISE REGIMEN ON BALANCE, WALKING SPEED AND FLEXIBILITY IN GERIATRIC POPULATION



.     
.
              . 
                     
	.
..


.



ABSTRACT 

	
Background: Age-related declines in balance, flexibility, and walking speed significantly impact functional mobility and increase the risk of falls among older adults. Structured exercise regimens have been identified as effective interventions; however, limited evidence exists on their combined effects of structured exercises on Nigerian geriatric populations.
Aims: To evaluate the effects of a 6-week structured exercise regimen on balance, walking speed, and flexibility in geriatric population.
Study design:  An experimental study design.
Place and Duration of Study: Physiotherapy/Geriatrics clinic, Federal Medical Center, Owo, Ondo State, A 6 weeks study duration.
Methodology: The experimental study involving 40 geriatric patients recruited from geriatric clinic at Federal Medical Centre, Owo, Nigeria. Participants were randomized into experimental and control groups (n=20 each). The experimental group engaged in biweekly 30-minute sessions combining balance, aerobic, strength, and flexibility exercises. The control group received health education without exercise. Assessments included the Berg Balance Scale, timed 6-Meter Walk, and Sit-and-Reach Test at weeks 1, 3, and 6. Data were analyzed using paired and independent t-tests. Alpha was set at 0.05.
Results: Participants in exercise group showed significant improvements in balance (p=0.013), flexibility (p=0.013), and walking speed (p=0.013) over six weeks. In comparison with participants in the controls group, the exercise group showed significantly greater improvements in balance (p=0.031) and flexibility (p=0.028). Though walking speed improvements were greater in the exercise group, the between-group difference was however not statistically significant (p=0.133).
Clinical Implication: Regular participation in structured exercise regimens significantly improves balance, walking speed, and flexibility in elderly individuals. These enhancements reduce fall risk, promote mobility, and support independent living, making exercise a vital component of geriatric care.
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1. INTRODUCTION 

The World Health Organization defines exercise as a subset of physical activity that is structured, planned, and repetitive with the goal of maintaining and improving physical fitness. Aging in the geriatric population is often accompanied by a decline in muscle strength, balance, and flexibility, significantly increasing the risk of falls, injuries, and loss of independence (Liu-Ambrose et al., 2015). Low level of physical activity which is common among the ageing population has been associated with alterations in body composition resulting in an increase in the percentage of body fat, a concomitant decline in lean body mass, muscle atrophy and significant loss in maximal force production leading to low physical performance and dependence on activities of daily living (Langhammer et al, 2018).
Exercise has also been shown to reduce falls in the elderly by 21% (Sherrington et al, 2018). Exercise regimens incorporating lower-extremity strengthening, walking, and postural control exercises have been proposed as potential strategies to improve balance and reduce the risk of falls and fall-related injuries in older populations (Liu-Ambrose et al., 2015).  Scientific community over the years have paid attention, especially to successful aging through promotion of physical activity (Tian et al, 2016). The World Health Organization (WHO) exercise recommendations advocate the inclusion of both aerobic exercise and strength exercise as well as balance exercises to reduce the risk of falls with provision that, if older adults cannot follow the guidelines because of chronic conditions, they should be as active as their ability and conditions allow thereby promoting active daily life (Chodzko et al, 2009).
Balance is a crucial component of mobility and fall prevention, as falls are among the leading causes of morbidity and mortality in geriatric individuals (Sherrington et al., 2017). Research by Zecevic et al. (2018), claimed that a decline in physical performance and cognitive capabilities with age, causes progressive impairment of muscle strength and balance and exposes adults to a higher risk of injury. Human balance is a complex multidimensional concept related to postural control which refers essentially to the ability to maintain a posture (e.g., sitting or standing), move between postures, and not fall when reacting to an external disturbance. Apart from the risk of fractures associated with falls, balance represents one of the main features of a plethora of daily activities, both professional and recreational; thus, impairment of this ability could have a detrimental effect on the quality of life (Sherrington et al 2011).  Research indicates that structured exercise interventions can enhance postural control, thereby improve single-stance balance and reduce fall susceptibility (Sherrington et al., 2017). There is overwhelming evidence that physical exercise can lower the risk of falling in elderly people, averting muscle mass reduction, and improving balance control. Furthermore, balance training has been investigated as an important intervention to slow the physiological decline of balance control in the elderly, and has been revealed to be an effective option for improving balance and postural control (Lesinski et al 2015; Howe et al, 2011).  

Walking speed is an important measure of physical performance in comprehensive geriatric assessments and has been proposed as a key vital sign due to its strong association with health and mortality outcomes in older adults (Studenski et al., 2011). Walking speed is an essential indicator of overall mobility and health outcomes, including hospitalization risk and mortality (Studenski et al., 2011). Regular physical activity, particularly aerobic and resistance exercises, has been shown to improve gait efficiency, muscle power, and coordination, leading to enhanced walking speed in older adults (Fielding et al., 2017). Usual walking speed is a quick, inexpensive, and highly reliable measure of functional capacity (Afilalo et al, 2010). A slow walking speed might result from the peripheral effects of vascular risk factors. A study by Chen et al, (2014), found that slow walking speed was associated with an 11.55-fold excess of cardiovascular mortality risk, similarly, Kutner et.al, (2015) carried out research work on the clinical population of older people, and concluded that slow walking speed was associated with increased mortality in geriatric patients with previous cardiovascular disease or chronic kidney disease but didn’t compare the results with the physical exercises they engaged in.


Flexibility exercises such as dynamic stretching, as part of a warm-up, has been shown to improve joint range of motion and enhance performance without the potential negative effects on muscle force and power associated with static stretching (Opplert, 2018).  The American College of Sports Medicine (ACSM) in an article titled “Exercise and Physical Activity for Older Adults” reported a lack of studies on the effects of range of motion exercises on flexibility outcomes in older populations and a lack of consensus regarding the prescription of stretching exercises for older adults, however, the report concluded that despite the lack of a synergy of  literature to support the recommendation of a flexibility in older adult exercise programs, many older adult activity programs place a considerable emphasis on flexibility exercises (ACSM et al. 2009). Flexibility plays a fundamental role in performing daily functional movements such as bending, reaching, and dressing. Age-related muscle stiffness and joint restrictions can limit the range of motion, leading to mobility impairments and discomfort (Behm et al., 2016). Studies support the inclusion of stretching and flexibility exercises in geriatric exercise programs to maintain joint health, functional mobility, and overall independence (Behm et al., 2016). 

Given the well-documented benefits of exercise on these critical mobility components, there seems    to be a gap in literature establishing the effect of structured exercise regimen on balance, flexibility and walking speed among geriatric patients, this study therefore examines the effects of a structured exercise regimen on balance, walking speed, and flexibility in geriatric patients.

2. material and methods 

Ethical clearance was obtained from the Health Research Committee of the Federal Medical Centre, Owo, Ondo State (FMCOWO/HREC/2025/12) before the commencement of the study. Participants’ informed consent was secured after the purpose and procedures of the study has been fully explained to the participants. Included in this study were consenting geriatric patients aged 60years above, able to walk independently, with no physical disability and cognitive impairment while patients with other comorbidities such as musculoskeletal disease, uncontrolled diabetes, active psychiatric diagnosis or dementia which can severely affect ability to respond to the study were excluded. The participants were recruited from the geriatric clinic.
The sample size was determined using Cohen’s table at a statistical power of 80%, an effect size of 1.0 (one standard deviation apart) and at a significance level of 0.05. The minimum sample size required for within group was 17 while for between groups was 34. With an additional 10% added to account for attrition, a total of 38 participants was calculated, however a total of 40 participants were recruited for the study. A convenient sampling technique was used, and participants were randomly assigned to two groups (Exercise and Control) using the fishbowl method. Each group consisted of 20 participants.

Experimental -Exercise Group

Participants in this group underwent a structured exercise regimen aimed at improving balance, flexibility, and walking speed. Each session lasted 30 minutes and was conducted twice weekly for six weeks. The session was guided by the FITT principles (Frequency, Intensity, Time, Type).
The structured exercise regimen was conducted twice per week at a moderate intensity, guided by the Borg Rating of Perceived Exertion scale (12–14). It included balance training (such as single-leg stance and tandem walking), aerobic exercises (like brisk walking), strength training (including squats and calf raises), and flexibility training (involving dynamic and static stretching). Each session lasted 30 minutes, consisting of a 5-minute warm-up, 20 minutes of structured exercise, and a 5-minute cool-down. The participants were instructed not to engage in any other form of physical activities outside the prescribed exercises while the study lasted. Assessments of balance, flexibility, and walking speed were conducted at baseline, week 3 and at the end of the 6-week period using the Berg Balance Scale (BBS), Sit and Reach Test, and Timed 6-Meter Walk Test respectively.


Control Group

Participants in the control group did not receive any structured exercise intervention. They attended weekly educational sessions focused on fall prevention and healthy aging. They were encouraged to maintain light daily activities, such as walking or household chores, but without a prescribed regimen. The same outcome measures were assessed at baseline, week 3 and at the end of the 6-week period.
Data analyses were conducted using IBM SPSS Statistics (version 25). Descriptive statistics of means, standard deviations, and frequencies were used to summarize demographic data. The Shapiro-Wilk test was used to assess the normality of the data. Due to violations of normality assumptions (p < 0.05), non-parametric tests were used. The Wilcoxon signed-rank test was used to evaluate within-group changes, and the Mann–Whitney U test was used to compare between-group differences. Statistical significance was set at α = 0.05.

3. results and discussion

RESULT

Table 1 presents the frequency table distribution for a total of 40 participants involved in the study, with a mean age of 68.00 ± 6.60 years. The age distribution revealed that the highest proportion of participants (32.5%) were between 65 and 69 years, followed by 30% between 60 and 64 years, and 25% between 70 and 74 years. Only one participant (2.5%) was within the 90–94 years’ category, and none fell into the age brackets of 80–89 years. In terms of occupational distribution, the majority were traders (27.5%), followed by civil servants (22.5%), other informal occupations (25%), professionals (15%), and retirees (10%). A greater proportion of participants were female (67.5%) compared to male (32.5%).
. 






Table 1: Participants Socio-demographic Characteristics (N=40)
	Variable
	Frequency 
	Percentage (%)

	Age (last birthday) Mean = 68.00 ± 6.606 years

	
	

	60 – 64 years
	12
	30

	65 – 69 years
	13
	32.5

	70 – 74 years
	10
	25

	75 – 79 years
	4
	10

	80 – 84 years
	0
	0

	85 – 89 years
	0
	0

	90 – 94 years

	1
	2.5

	Occupation
	
	

	Civil servant
	9
	22.5

	Professional
	6
	15.0

	Retiree
	4
	10.0

	Trader
	11
	27.5

	Others

	10
	25.0

	Sex
	
	

	Female
	27
	67.5

	Male
	13
	32.5




Presented in Table 2 is the result of tested variables (changes in balance, walking speed, and flexibility) for the experimental-exercise group measured across three time points: weeks 1, 3, and 6 using paired sample t-test.
The result indicated a statistically significant improvement in Total Berg Balance Scale scores between week 1 and week 6 (P = 0.013, t = 2.731) and between week 3 and week 6 (P = 0.027, t = 2.401). However, no significant change was observed between week 1 and week 3 (P = 0.255, t = 1.173). This suggests a progressive improvement in balance over time following the exercise intervention.
Similarly, walking speed demonstrated a statistically significant differences between week 1 and week 6 (P = 0.013, t = 2.731) and week 3 and week 6 (P = 0.027, t = 2.401), while the difference between week 1 and week 3 was not significant (P = 0.255). These results indicate that improvements in gait speed became more pronounced after three weeks of continuous training.
Furthermore, flexibility, assessed using the Sit-and-Reach test also improved significantly between week 1 and week 6 (P = 0.013) and between week 3 and week 6 (P = 0.027), although no statistically significant change was noted between week 1 and week 3 (P = 0.255, t = 1.173). This reflects those noticeable improvements in flexibility emerged after sustained participation in the exercise program.
Table 2 : Paired Samples Test for Experimental-Exercise group (n=20)
	
	Variables
	Mean+ SD
	Mean Diff
	t
	Sig.(2-tailed)

	Total Berg Balance Scale
	TBBS_W1 – 
TBBS_W3
	48.10 + 4.800
49.05 + 5.176

	0.950
	1.173
	0.2550

	
	TBBS_W1 – 
TBBS_W6
	48.10 + 4.800
50.35 + 5.461

	2.250
	2.731
	0.0130

	
	TBBS_W3 – 
TBBS_W6
	49.05 + 5.176
50.35 + 5.461

	1.300
	2.401
	0.0270

	Walking Speed
	WS_W1 – 
WS_W3
	12.52 + 3.068
10.71 + 2.848

	1.810
	1.173
	0.255

	
	WS_W1 – 
WS_W6
	12.52 + 3.068
10.37 + 2.950

	2.150
	2.731
	0.013

	
	WS_W3 – 
WS_W6
	10.71 + 2.848
10.37 + 2.950

	0.340
	2.401
	0.027

	Flexibility
	Flex_W1– 
Flex_W3
	17.09 + 5.694
16.67 + 5.234

	0.420
	1.173
	0.255

	
	Flex_W1 – 
Flex_W6
	17.09 + 5.694
16.84 + 5.813

	0.250
	2.731
	0.013

	
	Flex_W3 – 
Flex_W6
	16.67 + 5.234
16.84 + 5.813

	0.170
	2.401
	0.027
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Table 3 shows the result of tested variables (changes in balance, walking speed, and flexibility) for the control group measured across three time points: weeks 1, 3, and 6 using paired sample t-test. Regarding balance, no significant change was observed between week 1 and week 3 (P = 0.075, t = -1.881), but statistically significant differences occurred between week 1 and week 6 (P = 0.004, t = -3.290) and week 3 and week 6 (P = 0.010, t = -2.866). These findings suggest a modest, delayed improvement in balance without structured intervention.
For walking speed, significant improvements were noted from week 1 to week 3 (P = 0.030, t = 2.339) and week 1 to week 6 (P = 0.016, t = 2.638), while the change from week 3 to week 6 was not statistically significant (P = 0.122). This suggests some spontaneous improvement in gait among control participants, though less consistent than in the experimental group.
Furthermore, flexibility scores for the control group, did not demonstrate significant differences across all time points: week 1 vs. week 3 (P = 0.429), week 1 vs. week 6 (P = 0.656), and week 3 vs. week 6 (P = 0.529). This indicates the absence of meaningful change in flexibility over the study period.
Table 3: Paired Samples Test for Control group (n=20)

	
	Variables
	Mean+ SD
	Mean Diff
	t
	Sig.(2-tailed)

	Total Berg Balance Scale
	TBBS_W1 – 
TBBS_W3
	51.40 + 4.881
52.35 + 4.416

	0.950
	-1.881
	0.075

	
	TBBS_W1 – 
TBBS_W6
	51.40 + 4.881
53.60 + 3.530

	2.200
	-3.290
	0.004

	
	TBBS_W3 – 
TBBS_W6
	52.35 + 4.416
53.60 + 3.530

	1.250
	-2.866
	0.010

	Walking Speed
	WS_W1 – 
WS_W3
	9.23 + 3.311
9.11 + 3.514

	0.120
	2.339
	0.030

	
	WS_W1 – 
WS_W6
	9.23 + 3.311
8.71 + 3.862
	0.523
	2.638
	0.016

	
	WS_W3 – 
WS_W6
	9.11 + 3.514
8.71 + 3.862
	0.403
	1.621
	0.122

	Flexibility
	Flex_W1 – 
Flex_W3
	19.26 + 8.184
20.10 + 7.867

	0.838
	0.808
	0.429

	
	Flex_W1 – 
Flex_W6
	19.26 + 8.184
21.82 + 7.865

	2.563
	0.452
	0.656

	
	Flex_W3– 
Flex_W6
	20.10 + 7.867
21.82 + 7.865

	1.726
	-0.642
	0.529



* Keys – 
TBBS- Total Berg balance scale; WS-Walking speed; Flex- Flexibility
W1-Week 1; W-3- Week 3, W6-Week 6

Result for Between-Group Comparisons
Independent sample t-tests were conducted to compare outcomes between the experimental-exercise and control groups. As shown in Table 4, participants in the experimental-exercise group had significantly higher Total Berg Balance Scale scores at all measured time points. Specifically, at week 3, the experimental group had a mean score of 52.35 ± 4.416 compared to 49.05 ± 5.176 in the control group (P = 0.036). Similar patterns were observed at week 6 (P = 0.031), indicating a consistent and statistically significant improvement of balance performance in the exercise group.
For walking speed, a significant difference was observed at week 1, where the experimental group walked significantly faster than the control group (P = 0.002). However, this significant difference was not sustained at week 3 (P = 0.123) or week 6 (P = 0.133), suggesting that the early advantage in gait speed reduced over time.
Lastly, for flexibility, no statistically significant difference was found between the groups at week 1 (P = 0.335) and week 3 (P = 0.113). However, by week 6, the experimental group demonstrated a significant improvement (P = 0.028), with a mean of 21.82 ± 7.86 compared to 16.84 ± 5.81 in the control group.

Table 4: Outcome of Independent Sample test for Group Comparison
	
	Variables
	Group
	Mean + SD
	Mean diff
	t
	Sig. (2-tailed)

	Total Berg Scale
	TBBS week 1
	Experimental
Control
	51.4000 + 4.882
48.1000 + 4.800
	3.300 
	2.156
	0.038

	
	TBBS week 3
	Experimental
Control
	52.3500 + 4.416
49.0500 + 5.176
	3.300 
	2.169
	0.036

	
	TBBS week 6
	Experimental
Control
	53.6000 + 3.530
50.3500 + 5.461

	3.250 
	2.235
	0.031

	Walking speed
	WS- week 1
	Experimental
Control
	9.2285 + 3.3106
12.5150 + 3.0677
	3.287 
	-3.256

	0.002

	
	WS- week 3
	Experimental
Control
	9.1085 + 3.5140
10.7055 + 2.8480
	1.597
	-1.579
	0.123

	
	WS- week 6
	Experimental
Control
	8.7055 + 3.8621
10.3725 + 2.9500

	1.667
	-1.534
	0.133

	Flexibility
	FLEX week 1
	Experimental
Control
	19.2600 + 8.1843
17.0850 + 5.6936
	2.175 
	0.976
	0.335

	
	FLEX week 3
	Experimental
Control
	20.0975 + 7.8669
16.6650 + 5.2342
	3.4325
	1.625
	0.113

	
	FLEX week 6
	Experimental
Control
	21.8230 + 7.8645
16.8400 + 5.8128
	4.9830
	2.279
	0.028



* Key: TBBS- Total Berg balance scale
          WS-Walking speed
          FLEX- Flexibility

Discussion
The present study examined the effects of a six-week, structured exercise program on balance, flexibility, and walking speed in elderly individuals. The age of participants ranged from 60 to 94 years with the mean age at 68.00±6.60. A greater proportion of the participants were female (67.5%) compared to male (32.5%) while majority were traders (27.5%).
This study found statistically significant improvements in balance within the experimental group after week 6 (P = 0.013) as measured by the Total Berg Balance Scale. This finding is consistent with the results of a study done by Sherrington et al. (2017), which showed balance-challenging exercises significantly improved, thereby reducing fall rates in older adults. Similarly, a study by Gschwind et al. (2013) found that home-based balance training over a 12-week period significantly improved balance and postural control in community-dwelling elderly participants. Furthermore, a study by Lesinski et al. (2015) concluded that balance training of moderate-to-high intensity and lasting longer than six weeks leads to marked balance enhancements in older adults. Although our study was shorter in duration, improvements were evident even within the six-week timeframe, supporting the notion that even short-term, targeted interventions can produce meaningful outcomes.
Flexibility, assessed using the Sit-and-Reach test, improved significantly in the experimental group after 6 weeks (P = 0.013). This result support the findings of Stathokostas et al. (2012), who emphasized that flexibility declines with age but can be attenuated or reversed through regular stretching and mobility exercises. The study, which included individuals aged 65–85, reported significant gains in flexibility following 12 weeks of static and dynamic stretching. More recently, a study by Juntip et al. (2024) found that older women who completed a six-week training program showed significant increases in joint range of motion, particularly in the knee flexors and calves. This improved flexibility was linked to enhanced physical capacity and functional performance. It concluded that while static and dynamic stretching are effective for flexibility, a home-based eccentric exercise program may be an even more beneficial option for older women seeking to improve their overall physical capabilities and functional independence.
Walking speed is a critical measure of functional capacity and an important predictor of health outcomes in older adults. In the present study, walking speed in the experimental group improved significantly after week 6 (P = 0.013). These findings are in line with Custodero et al. (2023) who found that a moderate-intensity physical activity program produced clinically meaningful improvements in 400-m gait speed by week 6 among frail older adults with preserved lower-limb strength. Furthermore, results from Rebecca et al. (2020), found that both aerobic and resistance training resulted in improved usual-paced gait speed, only aerobic training improved fast-pace gait speed.
The control group in our study also exhibited statistically significant balance improvements after week 6 (P =0.004). However, there was no significant changes in flexibility of the control group after 6 weeks (P =0.529). The lack of improvement in flexibility of the control group in our study highlights the importance of structured interventions, as everyday activity alone may not be sufficient to counteract age-related musculoskeletal stiffening. This echoes the conclusions by Fragala, et al, (2019) who emphasized the importance of structured exercise over general daily physical activity to bring about meaningful adaptations and changes in flexibility. Walking speed was observed to show significant improvements (P =0.016) in the control group. This improvement could be attributed to the fact that patients need to move from one point to another during hospital visits to access various services such as laboratory, pharmaceuticals and other services that are a bit far apart.
Between-group comparison at week 6 demonstrated a significant difference (P = 0.031), affirming the added benefit of structured exercise. This aligns with the findings of Muehlbauer et al. (2015), who emphasized the importance of specificity and progression in balance training regimens. Observations from result showed a significant difference in flexibility (P =0.028) at week 6 in between group comparisons. This is in line with findings of a study done by Muyulema et al., (2023) which concluded that the application of a program of muscle strengthening exercises in the lower limb helps to improve the speed of walking in older adults. Similar study by Kanach et al., (2018) reported that supervised aerobic-strength training increased walking speed and strength, and dynamics of voluntary knee extension as well as habitual physical activity in older individuals. 
Comparisons between the two groups revealed no significant difference in walking speed at week 6. Although there was reduction in the mean value of the experimental group across the weeks as opposed the control group, this points to the fact that, there was improvement in the overall walking speed of participants in experimental group compared to the control group.

4. Conclusion

This study adds to the growing body of evidence supporting structured physical activity as an effective means of improving functional performance in older adults. The findings confirmed improvement in balance, flexibility and walking speed following structured exercises in Geriatric patients. The significant changes observed in balance and flexibility within the experimental group underscore the potential of well-designed exercise interventions in promoting functional mobility and independence in older populations.

RECOMMENDATION
Based on the findings of this study, it is recommended that structured, progressive exercise programs be integrated into community-based geriatric care and rehabilitation services to improve balance and flexibility, and potentially enhance walking speed over time. Health professionals, particularly physiotherapists and primary care providers, should advocate for routine participation in balance, flexibility, and mobility-enhancing exercises among older adults to promote functional independence and reduce fall risk.
Future studies should extend intervention periods and explore multimodal approaches that integrate aerobic, resistance, and functional task-specific exercises to optimize outcomes across all mobility domains.
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