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Abstract: Background: Physical activity (PA) plays a crucial role in improving the quality of life (QoL) in the 

elderly, particularly by enhancing balance and movement coordination. Objective: This study aimed to assess 

the effects of sensorimotor training intervention in older adults. Methods: 90 participants, divided into a 

Control Group (N=44) and Experimental Group (N=46) were involved in a 24-week period sensorimotor 

training program. Participants were evaluated both before and after the intervention period. Strength and 

flexibility were measured using the Rikli and Jones protocol (1999), while agility and speed were assessed 

through timed-up-and-go tests. A descriptive analysis of the sample was performed to characterize the data 

using the mean and standard deviation considering the gender of the participants. Student’s T test was 

performed to compare the differences between groups according to the first and second data collection 

moments (before and after the intervention). Jamovi software was used to develop the statistical analysis, with 

a value of p<0.05 to determine the statistical significance. Results: The Experimental Group showed significant 

improvements across all analyzed variables following the intervention (p < 0.005), indicating substantial gains 

in physical capacities. In contrast, the Control Group exhibited no significant changes in any variable, with the 

lowest p-value observed in the “Sitting and Reaching” test (p = 0.155), highlighting the lack of improvement 

without intervention. Conclusions: In conclusion, the sensorimotor training program demonstrated significant 

improvements in various physical capacities, though flexibility did not show notable progress. Developing PA 

programs tailored to the elderly is essential for enhancing their QoL and reducing the risk of falls, injuries, and 

illnesses. These interventions play a crucial role in promoting overall health, independence, and well-being 

among older adults. 

Keywords: aging; agility; flexibility; strength; physical activity; functional capacity 

 

1. Introduction 

Nowadays, physical activity (PA) is an essential factor, directly influencing the quality of life 

(QoL) of the elderly [1,2], as well as improving balance control and coordination in movements [3]. 

PA has been proven to positively impact the QoL of older individuals, including their physical health, 

mental health, functional capacity, individual autonomy, and pain management [4]. For example, 
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studies such as the one by Goodarzi et al. [5] show that regular PA not only benefits cardiovascular 

health but also significantly reduces symptoms of anxiety and depression in older adults, which 

contributes to an overall sense of well-being. In addition, PA increases mobility, strengthens muscles, 

and improves joint flexibility, which allows individuals to carry out daily activities more 

independently and reduces the need for external support [6]. Although improvements in physical 

health are often emphasized, PA also promotes emotional resilience and increases social interaction, 

with older people who exercise regularly reporting fewer feelings of loneliness and greater 

satisfaction with life [7] 

Inactivity is associated with weakness and negative health outcomes in middle-aged and older 

adults [8]. Due to the current lifestyles, the population tends to be more sedentary than active [9]. 

Inactivity is one of the main factors that can be modified to prevent the risk of mortality [10] and 

suffering from cardiovascular diseases [11]. Nowadays, the male population shows superior physical 

function and QoL, whereas physically active individuals demonstrate better physical function and 

QoL [2]. To decrease the sedentary lifestyles of elderly people and reduce the impact of obesity on 

their QoL, programs for promoting PA must be carried out with the highest frequency because they 

show benefits in mental health and reduce the risk of diseases [12] and cardiovascular problems [13]. 

These programs should focus on maintaining a minimum level of PA in elderly individuals 

through balance, coordination, and strength exercises to prevent falls and enhance movement control 

[14]. A minimum of 20 minutes of daily PA [15], or 150 minutes per week of moderate-intensity 

activity can offer optimal cardiovascular benefits in later life, reducing the risk of chronic disease, 

cognitive decline, and mortality [16]. Exercise programs positively affect mental health [17], well-

being [18] and the QoL of the elderly [19]. Including and developing programs focused on improving 

the physical fitness of this collective allows for acquiring improvements in lower and upper limb 

strength, aerobic endurance, lower and upper limb flexibility, and agility [20]. 

The measurement of the functional capacity of the elderly can contribute to adapting healthcare 

and increasing the QoL, preventing falls, and evaluating the needs of this population [21]. The 

functional capacity of an old person should be evaluated according to three dimensions or factors: 

mental, physical, and functional [21]. To evaluate and determine the level of physical fitness in the 

elderly, different tests can be carried out, such as the “Timed Up and Go” (TUG) test, which helps to 

evaluate the spatiotemporal and kinematics parameters [22], as well as can be used as a predictor of 

mortality in short terms [23]. In this line, muscular endurance and upper and lower limb strength are 

essential to develop daily routines and activities [24], and this information can be monitored using 

an isokinetic dynamometer [25], through the evaluation of torque [26] and power [27] to determine 

the lower limb strength. To evaluate upper limb strength different tests can be useful, such as the 

“Sit-to-stand Test” [28] or "Chair Stand Test" [29], because they can offer an excellent insight into the 

characteristics and risks of falls in this group. Flexibility is an ability that decreases due to the absence 

of regular PA, according to this, it can be measured using the “Sit and Reach” test [30,31] for the lower 

limbs, and “Behind the Back Reach” test for the upper limbs [32,33]. Evaluate and analyzing strength 

and flexibility help to improve the motor abilities and functional capacity of the elderly, and in 

general, their QoL [34]. 

In short, PA is one of the fundamental pillars for improving the functional capacity and QoL of 

the elderly [35]. Several health benefits are associated with physical exercise, making it essential to 

improve our approach to evaluate and control physical activities. This is necessary to ensure that 

practitioners can continue their activities minimizing the risk of injuries, dropouts, or lack of 

motivation [36]. Hence, this study aimed to address a gap in the research by assessing various 

physical abilities in a group of elderly individuals before and after a sensorimotor training 

intervention. The study hypothesis was defined as follows: Is sensorimotor training effective in 

improving the physical abilities of older adults? To test this, we evaluated the effects of the 

intervention on the participants' physical capacities and performance. 
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2. Materials and Methods 

2.1. Design 

A parallel-group randomized controlled trial was conducted, including a 6-month intervention 

phase and a 1-year follow-up period. For both groups (control and experimental), assessments were 

performed at baseline (before starting the intervention) and after the intervention period [37]. 

2.2. Participants 

The study analyzed 90 participants aged between 55 and 80 years old, divided into two groups, 

the Control Group (CG) (72.40 ± 6.88 years) and the Experimental Group (EG) (72.40 ± 6.88 years), 

randomly assigned to the experimental group. Assessments were carried out at the beginning (before 

starting the intervention) and immediately after the end of the intervention for both groups. The CG 

did not perform any type of activity or physical program throughout the intervention period. Table 

1 shows the characteristics of the EG to contextualize and framework the sample of the study. 

 N 
Age (year) Weight (kg) Height (m) BMI 

Mean SD Mean SD Mean SD Mean SD 

Control Group 44 73.70 6.08 70.10 12.70 1.58 0.08 28.10 4.69 

Experimental 

Group 
46 72.40 6.88 68.40 14.20 1.58 0.09 27.40 5.03 

Note. Kg: kilograms; m: meters, BMI: Body Mass Index; SD: Standard deviation. 

Participants should previously meet the following inclusion criteria: (1) age between 55 and 80 

years old; (2) without dentures (except dental prosthesis); and (3) who have not been involved in 

surgical intervention 6 months before the study. Exclusion criteria: (1) musculoskeletal diagnosis; (2) 

problems in locomotion; (3) psychiatric diseases and neurological disorders; and (4) clinical 

cardiovascular diagnosis. 

2.3. Ethics 

The Ethics Committee of the University of Évora approved this project (approval number: 

21040). The study was registered with the Clinical Trials.gov PRS Protocol Registration and Results 

System (Registration Number: NCT05398354; 

https://www.clinicaltrials.gov/ct2/show/NCT05398354?term=NCT05398354&draw=2&rank=1. Each 

participant provided informed consent before participating, according to the Helsinki Declaration for 

Human Studies. 

2.4. Intervention 

The sensorimotor training program was conducted for 6 months, with a frequency of twice a 

week. The duration of the sessions was 45 minutes in total. The training volume consisted of 8 

exercises, where each participant performed the maximum number of repetitions within 50 seconds, 

completing 4 sets. As the program progressed, the load was progressively increased. To achieve this, 

the session was divided into three levels of intensity: easy (no external load during the first eight 

weeks), intermediate (application of external load: elastic bands, shin guards, and free weights, from 

the 9th to the 16th week) and advanced (increase in external load for the previous level, from the 17th 

to the 24th week). Each month a different type of session was developed. However, despite 

prescribing a structured training program with progressions for all participants, we consistently 

considered each individual's unique progression. Recognizing that participants had different levels 

of initial physical fitness, we tailored the plan to suit each person's capabilities, ensuring that the 

exercises were accordingly adjusted to match their individual needs and optimize their development 

throughout the intervention. Each session was divided into three phases: the initial phase (10 

minutes), consisting of a 5-minute walk followed by a joint warm-up; and the fundamental phase (25 
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minutes), where the patients worked on a corresponding circuit of exercises. This circuit consisted of 

4 cycles, with eight exercises each (50 seconds on, 15 seconds off); and a return to calm (10 minutes), 

where muscle stretching was performed [1] (Figure 1). 

 

Figure 1. Study timeline graph. 

Figure 2 shows the main exercises carried out during the intervention, with a short explanation 

of them [38]. 

  

1st month 2nd month 

  

3rd month  4th month  
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5th month  6th month  

Figure 2. Intervention used for sensorimotor training. 

A variety of tools was used for the assessments under study. All measures were taken at baseline 

and at the end of the intervention. Before the first measurement, all participants were involved in a 

familiarization phase to adapt themselves to the different instruments and assessments associated 

with this project. 

Main Evaluations: 

To assess the physical fitness of the participants, they wore a tracksuit bottom and were asked 

to remove accessories and any objects in their pockets. The following procedures were carried out: 

1. Bodyweight and height. Before the measurements, participants were asked to remove their 

shoes, socks, and heavy clothing (coats, sweaters, coats, etc.). They were also asked to empty 

their pockets and remove belts and other accessories (bands, pendants, etc.). Height was 

measured using a stadiometer (Seca 22, Hamburg, Germany). This instrument was placed on a 

vertical surface with the measuring scale perpendicular to the ground. Participants were 

positioned in a standing position, with their shoulders balanced, and their arms relaxed along 

their body. Height was determined in cm and rounded to the nearest mm. Body weight was 

measured using a scale. Body weight was registered in kg and the BMI was calculated using the 

formula: weight (Kg)/height2. 

2. Agility and execution speed were assessed through the TUG test, which consisted of getting up 

from a chair, walking in a straight line three meters away, and walking back and sitting down 

again [2]. 

3. Muscular endurance was evaluated by rising from the chair or bending and straightening for 30 

seconds, during which the strength of the lower limbs involving the vastus medialis obliquus 

(VMO) and the vastus lateralis (VL) was also calculated [3]. 

4. Upper limb strength was determined by the number of times that a determined weight can be 

lifted by performing a flexion–extension of the arms for 30 seconds [3]. 

5. Lower limb flexibility was assessed using the "Sit and Reach" test, in which the participants, 

from a seated position with one leg extended, slowly bent over, sliding their hands down the 

extended leg until they touched (or passed) their toes [3]. 

6. Upper limbs flexibility was assessed using the "behind the back reach", which consisted of 

measuring with a ruler the distance between (or the overlap of) the middle fingers behind the 

back [3]. 

2.5. Statistical Analysis 

To identify the normality of the sample, Kolgomorov-Smirmov’s test was considered, 

identifying a p-value higher than 0.05, therefore normality was assumed [39]. Parametric models 
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were used to test the study's hypotheses [40]. A descriptive analysis of the sample was performed to 

characterize the data using the mean and standard deviation (M±SD), considering the gender of the 

participants. 

Afterward, a Student’s T test was applied to compare the differences between groups 

considering the first and second data collection (before and after the intervention). The effect size (ES) 

was calculated through Cohens d, having been considered trivial (0-0.2), small (0-2-0.6), moderate 

(0.6-1.2), large (1.2-2), very large (2-4), and extremally large (>4) [41]. 

The statistical analyses were performed with Jamovi (Desktop version 2.5.2.0) Statistical 

significance was determined at p < 0.05. 

3. Results 

Table 2 shows the main results according to the pre-and post-intervention values. All the 

analyzed variables showed improvement from pre to post-intervention, particularly the "Reach 

Behind your Back (right)" and "Reach Behind your Back (left)", variables which presented the high 

values of ES. 

Table 2. Descriptive and inferential analysis of the pre-and post-intervention values. 

Variables Mean SD 
Student’s  

T test 

Mean  

differences 
Df p 

Timed up and go (pre) (s) 7.26 ±1.23 
3.90 0.416 45.0 < .001 

Timed up and go (post) (s) 6.85 ±0.810 

Stand and sit with leaning (pre) (rep) 13.00 ±2.30 
-3.64 -1.043 45.0 < .001 

Stand and sit with leaning (post) (rep) 14.00 ±1.97 

Stand and sit without leaning (pre) (rep) 15.30 ±2.95 
-5.04 -1.370 45.0 < .001 

Stand and sit without leaning (post) (rep) 16.60 ±2.57 

Forearm flexion (pre) (rep) 17.30 ±5.83 
-3.33 -2.522 45.0 0.002 

Forearm flexion (post) (rep) 19.80 ±4.04 

Sitting and reaching (pre) (rep) -2.54 ±8.70 
-4.43 -3.565 45.0 < .001 

Sitting and reaching (post) (rep) 1.02 ±8.24 

Reach behind your back (right) (pre) (m) -13.80 ±11.7 

-7.29 -6.261 45.0 < .001 Reach behind your back (right) (post) 

(m) 
-7.50 ±9.12 

Reach behind your back (left) (pre) (m) -18.50 ±11.0 
-8.97 -7.391 45.0 < .001 

Reach behind your back (left) (post) (m) -11.20 ±9.43 

Note. s: seconds; rep: repetitions; m: meter; SD: Standard deviation; Df: Degree of freedom; p < 0.005. 

Considering the values of the control group, Table 3 shows no differences in any of the variables 

studied. It is identified that the variable with the lower p-values was “Sitting and reaching” (p=0.155). 

These values show that the group control didn’t improve their capacities as the intervention group. 

Table 3. Descriptive and inferential analysis of the pre-and post-values considering the control 

group. 

Variables Mean SD 
Student’s  

T test 

Mean  

differences 
Df p 

Timed up and go (pre) (s) 8.15 ±2.89 
0.763 0.076 43.0 0.450 

Timed up and go (post) (s) 8.08 ±2.94 

Stand and sit with leaning (pre) (rep) 13.5 ±3.42 
-0.947 -0.318 43.0 0.349 

Stand and sit with leaning (post) (rep) 13.8 ±2.96 

Stand and sit without leaning (pre) (rep) 15.5 ±4.31 
-0.120 -0.045 43.0 0.905 

Stand and sit without leaning (post) (rep) 15.6 ±3.63 

Forearm flexion (pre) (rep) 18.3 ±4.69 
1.007 0.386 43.0 0.319 

Forearm flexion (post) (rep) 17.9 ±4.11 

Sitting and reaching (pre) (rep) -0.614 ±9.97 1.446 1.204 43.0 0.155 
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Sitting and reaching (post) (rep) -1.82 ±9.37 

Reach behind your back (right) (pre) (m) -9.32 ±12.5 

1.100 2.636 43.0 0.277 Reach behind your back (right) (post) 

(m) 
-12.0 ±20.4 

Reach behind your back (left) (pre) (m) -15.8 ±12.9 
-1.310 -1.056 43.0 0.197 

Reach behind your back (left) (post) (m) -14.8 ±11.9 

Note. s: seconds; rep: repetitions; m: meter; SD: Standard deviation; Df: Degree of freedom; p < 0.005. 

The effect sizes (ES) of the differences, along with their corresponding confidence intervals, are 

presented in Table 4. These metrics provide a clearer understanding of the magnitude of the observed 

changes between the pre-and post-intervention assessments. By analyzing the ES, we can gauge the 

practical significance of the intervention's impact on various physical abilities, beyond mere statistical 

significance. 

Table 4. Analysis of the effect size considering the pre-and post-intervention. 

Variables 
Pre-intervention Post-intervention 

ES σ 
95% IC 

M SD n M SD n LL UL 

Times up and go 7.26 1.23 46 6.85 0.81 46 -0.39 0.210524737 -0.81 0.02 

Stand and sit with leaning 13.00 2.3 46 14.00 1.97 46 0.47 0.211337371 0.05 0.88 

Stand and sit without leaning 15.30 2.95 46 16.60 2.57 46 0.47 0.211372433 0.06 0.88 

Forearm flexion 17.30 5.83 46 19.80 4.04 46 0.50 0.211727587 0.08 0.91 

Sitting and reaching -2.54 8.7 46 1.02 8.24 46 0.42 0.210802398 0.01 0.83 

Reach behind your back 

(right) 
-13.80 11.7 46 -7.50 9.12 46 0.60 0.213163448 0.18 1.02 

Reach behind your back (left) -18.50 11 46 -11.20 9.43 46 0.71 0.215029136 0.29 1.13 

Note. M: mean; SD: Standard deviation; ES: Effect size; CI: Confidence Interval; LL: Lower limit; UP: Upper 

limit; p < 0.005. 

Figure 3 increases the comprehensive interpretation of the Table 3 data considering the proposal 

to interpret the ES values [41]. This figure highlights that the TUG test had a negative and moderate 

ES. On the other hand, “Reach Behind your Back (right)” and “Reach Behind your Back (left)” were 

the variables that presented the largest positive ES. 

 

Figure 3. Interpretation of the effect size considering the analyzed variables. Note. Timed up 

and Go (TUG); Stand and sit with leaning (SSWL); Stand and sit without leaning (SSL); Forearm 

flexion (FF); Sitting and reaching (SR); Reach behind your back (right) (RBBR); Reach behind your 

back (left) (RBBL). ES is considered trivial (0-0.2), small (0.2-0.6), medium (0.6-1.2), large (1.2-2), very 

large (2-4), and extremely large (>4) (Cohen´s d). 
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4. Discussion 

This study aimed to examine the impact of a sensory-motor training program on the physical 

capacities of elderly participants. The subjects shared similar characteristics in age, weight, height, 

and BMI revealed that both the male and female groups were classified as overweight based on the 

values obtained. 

The discussion of tests assessing functional mobility and physical capacity in older adults can 

offer valuable insights into their effectiveness, sensitivity, and real-world application. The tests 

used— TUG, SSWL, SSL, FF, SR, RBBR, RBBL —each measure specific components of physical 

function, with relevance to the elderly population. 

The timed standing and walking test, commonly represented by the TUG test, is widely utilized 

to assess balance, mobility, and risk of falls in older adults. It involves standing up from a chair, 

walking a short distance (typically 3 meters), turning around, and returning to sit down. This test is 

simple to administer and reflects real-life tasks, such as getting up from a chair and walking, which 

are fundamental for independence in daily activities. Research suggests that prolonged completion 

times are associated with an increased risk of falls and mobility impairments in older adults [42]. 

Furthermore, the TUG test is recommended by geriatric guidelines as a screening tool for fall risk 

[43]. Based on the results of this study, the participants' average time was 7.26 seconds, which 

decreased to 6.85 seconds following the intervention. These values align with the average found in 

other studies [44–46]. 

Standing and sitting tests, particularly when performed on flat surfaces and inclined planes, 

assess lower body strength, balance, and coordination. These movements mimic activities of daily 

living, such as getting in and out of chairs or beds, and are indicative of an individual’s functional 

independence, challenging balance, and muscle control. The 30-second chair stand test (30s-CST), 

which measures how many times an individual can rise to a full standing position from sitting within 

30 seconds, is commonly used to evaluate lower limb strength. It has been shown to have moderately 

high reliability and validity in community-dwelling older adults [47]. According to the reference 

values provided by Batista and Sardinha [48], participants in the lower limb strength test ranked 

between the 75th and 90th percentiles. Our results indicate that participants demonstrated excellent 

strength both initially and after the intervention, with noticeable improvements in the measured 

values. Additionally, since one key factor in enhancing lower limb proprioception is the learning 

effect, progressively increasing the difficulty of sensory-motor exercises contributes to improved 

proprioception. 

The performance in these tests correlates with an individual’s ability to perform essential tasks, 

such as ascending stairs or rising from lower seating, which tend to decline with age due to reduced 

muscle mass and balance [49]. The standing and sitting tests, both with and without inclination, offer 

a useful measure of functional ability and strength in different real-world conditions. 

Forearm flexion, typically measured through the handgrip strength test, is a strong predictor of 

overall muscular strength and health status in older adults. It has been widely accepted as a marker 

for physical limitations and is associated with mortality, frailty, and disability in older populations 

[50]. The handgrip test is practical, simple to perform, and provides an objective measure of upper 

body strength. It is particularly valuable in settings where comprehensive fitness tests are not feasible 

and serves as a standalone indicator of health and functional ability. Assuming the reference values 

of Batista and Sardinha [48], participants in our study and considering the lower limb strength test 

ranked between the 75th and 90th percentiles, and their performance improved from the first 

assessment to the second. 

Tests assessing flexibility and range of motion, such as sitting and reaching or reaching behind 

the back, are crucial for evaluating the upper body and spinal flexibility in older adults. These 

movements reflect the ability to perform daily tasks like dressing, grooming, or reaching for objects 

on shelves. As flexibility declines with age, so does the ability to perform these tasks comfortably and 

independently [51]. These tests help clinicians to assess the degree of joint and muscle stiffness and 

guide interventions aimed at improving flexibility and preventing further declines in functional 

capacity. The participants' results were analyzed and compared with Ruivo [52], revealing that they 
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fell between the 50th and 75th percentiles. In the upper limb flexibility test, however, participants 

ranked between the 10th and 35th percentiles. Thus, contrasting their strength results, their flexibility 

scores were lower compared to the age-specific reference values. Nevertheless, participants showed 

improvement in both tests following the intervention [53]. Together, these tests provide a 

comprehensive assessment of the critical physical abilities of older adults’ independence. The tests 

range from those that measure strength (e.g., handgrip, chair stands) and balance (e.g., TUG) to those 

that evaluate flexibility and mobility (e.g., reaching, sitting). The application of these tests in clinical 

and research settings supports the identification of declines in physical function, planning 

interventions, and tracking the progress of older adults. Each test offers valuable insights into specific 

aspects of functional mobility, helping to tailor interventions that address the physical limitations 

associated with aging. 

The analysis of the control group data in Table 3 reveals no statistically significant improvements 

across any of the measured variables, indicating that physical capacities remained stable without 

intervention. The variable "Sitting and Reaching," with a p-value of 0.155, showed the smallest 

difference, though still not statistically significant, suggesting minimal variation even in flexibility. 

These results underscore the effectiveness of targeted physical interventions, as the control group did 

not experience the gains observed in the intervention group. The findings highlight the critical role 

that structured exercise programs, such as sensorimotor training, play in enhancing balance, strength, 

and flexibility, which are essential for maintaining independence and reducing fall risk in older 

adults. This study reaffirms that routine physical activity, especially interventions focused on balance 

and functional mobility, is crucial for preserving and improving physical function as individuals age. 

One limitation of this study was the need to conduct the intervention during the COVID-19 

pandemic, which required additional precautions to ensure safety. This included increasing space for 

participants and providing extra materials for hygiene. Travel to the location where the program was 

conducted also posed a challenge. 

In the future, it would be valuable to extend the study to include a wider range of age groups, 

including those who are still actively employed. This broader assessment would provide a more 

comprehensive understanding of sensorimotor behavior across the lifespan, not just during aging. 

Early intervention could be implemented to improve the analyzed skills in this study, promoting 

healthier outcomes over time. 

5. Conclusions 

The increasing number of older adults underscores the critical need for tailored PA programs to 

support aging populations. As aging often comes with increased susceptibility to disease and 

cardiovascular issues, primarily due to reduced activity levels, well-designed interventions can 

profoundly improve QoL for this demographic. 

This study demonstrates the substantial benefits of sensorimotor training, especially in 

enhancing balance, strength, and overall physical function, which are essential for minimizing fall 

risk and promoting independence. Although flexibility showed less improvement, incorporating 

targeted balance, coordination, and strength exercises proved effective in meeting the broader 

physical needs of older adults. The intervention group displayed significant gains in physical 

capacities, while the control group showed no comparable changes, reinforcing the impact of 

structured PA. 

Regular assessments of functional mobility are crucial for adapting PA programs to ensure both 

effectiveness and real-world applicability. Supporting an active lifestyle through such programs can 

help elderly individuals maintain autonomy, reduce injury risk, and improve overall well-being. 

These findings advocate for the integration of sensorimotor-focused exercise interventions as a 

pivotal part of healthy, active aging initiatives. 
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