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Abstract  

 

Background: The balance ability represents a significant senior health factor, in particular for the individual maintenance 

autonomy and individual mobility. In the literature an open problem is understand the walking exercises and one-foot 

stance exercises effectiveness performed using tools or enviroments/conditions that give an unpredictable instability. The 

aim of this study is to verify the effects of motor task through instability tools and through reactive motor tasks on motor 

abilities in older women. Methods: A sample of 58 elderly women (67.9±5.6 years, 59.6±7.4 kg, 156.1±5.2) participated 

in the investigation and divided randomly into 2 groups: n=27 were included in the instability training group (IG) while 

n= 26 were included in the control group (CG). The instability training period lasted 8 weeks (3 sessions/week, total= 24 

sessions of about 50 min). Results: The most significant interactions between program type and time in the 8-foot-up-

and-go (p= <.05), 2 Minutes Step test ( p<.01), Arm Curl test (p<.005), Chair stand test  (p<.01), Single Leg Stance test 

right foot (p<.05) and left (p<.005), 3-m Backwards Walk test (p<.005), Tandem Walk test (p<.005). Conclusions: The 

tools and the tasks, that generate instability and the structuring of an environment that determines sudden disturbances, 

increase the senior over 65 years old balance ability. 
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INTRODUCTION 
The industrialized societies are subject to 

witnessing an increase of senior citizen population. This 

increase in over 65 senior’s leads to many health age 

dependent problems and health care system 

sustainability [1].  

 

Therefore, the balance ability represents a 

significant senior health factor, in particular for the 

individual maintenance autonomy and individual 

mobility [2-4]. 

 

Furthermore, in over 65 years old, balance and 

walking influence each other and the difficulties 

become more pronounced during the simultaneous 

execution of motor and cognitive tasks [4-7]. 

 

Infact, it is mentioning that the balance control 

is motor task-dependent [8-12]. Therefore, the design of 

the motor tasks to increase the capacity for balance 

must consider in which environment the senior will be 

able to use these learning and through which strategies. 

 

After a postural perturbation, infact, the 

balance recovery can be realized by ankle or/and hip 

strategy, compensatory step, grabbing a support and 

counter rotations of body segments [13,14]. 

 

The no-specific physical activity seems to be 

suitable to increase the balance [15-18], but a more 

specific methodology, called in literature perturbation-

based balance training, seems more effective [19]. 

 

The perturbation-based balance training has 

so far mainly used some types of perturbations: 

therapist perturbation, cable perturbation on traditional 

treadmill, specific treadmill with belt acceleration 

perturbation computer assisted, moveable platform or 

perturbations caused by moveable platform and 

therapist [19]. 

 

However, today the rapid diffusion of tools, 

that generate instability and perturbations (rubber 

bands, sandbags, waterbags, i.e.) during the movement 
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execution, makes it possible to structure this type of 

motor tasks with greater simplicity in the gym. 

 

The availability of this new type of tools and 

specific tasks allows to structure new exercises much 

more similar to the senior daily life movement. 

 

These movements infact are carried out 

simultaneously on the three movement planes, unlike 

what often happened in the balance training programs in 

which the sagittal plane tasks have been boosted [20].  

 

However, in the literature an open problem is 

to understand the effectiveness of walking exercises 

combined with monopodalic support exercises 

performed with the use of tools or variable 

environmental conditions that generate sudden 

instability. 

 

The structuring of motor tasks of 

contextual/situational type also allows to create 

exercises very close to what occurs in reality, where 

perturbations and variations of movement are not 

proactive but reactive [2, 19-21]. 

 

The reactive control mechanism that is 

different from the proactive control balance mechanism 

primarily relies on the somatosensory and vestibular 

systems to determine the extent and type of the stimulus 

(threat) and to trigger appropriately scaled postural 

responses [2,19] These postural responses are mainly 

polysynaptic spinal reflexes and supraspinal responses 

[20, 22-24]. 

 

The aim of this study is verify the effects of 

motor tasks through instability tools and through 

reactive motor tasks on motor abilities in older women 

versus no-specific physical activities and no-specific 

exercises. 

 

EXPERIMENTAL SECTION  
Sample 

A sample of 53 (originally, n=58) women 

older adults (67.9±5.6 years, 59.6±7.4 kg, 156.1±5.2) 

participated in the investigation; the sample was divided 

by randomizing within blocks into 2 groups: n=27 were 

included in the instability training group (IG) while n= 

26 were included in the control group (CG); n=5 were 

excluded from the study because they did not complete 

the assessments (for personal and family reasons). The 

subjects included in the study did not exhibit 

cardiovascular, metabolic or skeletal muscle 

pathologies, nor did they undergo pharmacological 

treatment. All subjects have been informed in advance 

about the proposed training and potential injury risk; the 

study was conducted acknowledging the principles 

presented in the Helsinki Declaration. 

 

 

 

Materials 

The following functional tests were used to evaluate 

motor capacity: 

 Chair stand test was presented to evaluate the lower 

limbs strength; the subject is invited to get up and 

sit as many times in the 30-second interval. The 

detector records the number of repetitions 

performed [25]; 

 8-foot-up-and-go test was presented to evaluate 

dynamic balance in a daily task; the assessment 

involves getting out of a chair, walking 2.44 meters 

to and around a cone, and returning to the chair in 

the shortest time possible. The time needed to 

perform the task measured with 1/10-second 

accuracy constitutes the test’s result [25]; 

 Single Leg Stance test was presented for static 

balance evaluation; the subject standing on one 

foot, with his hands on the chest and with open 

eyes, is invited to maintain the position assigned 

taking care not to tilt the bust, abduct the lower 

limb in suspension or touching the ground. It 

detects the time at which the subject is able to keep 

the assigned task. The test was performed on the 

favorite limb, and measured with 1/10 second 

accuracy [26]; 

 2 Minutes Step test was used to evaluate aerobic 

ability; the subject performs the greater number of 

thigh flexions on the pelvis without moving. It 

detects the number of movements performed in 2 

minutes [25]. 

 Arm Curl test (preferred upper limb), was used to 

evaluate upper body strength; the subject performs 

the greater number of curl movement using a 

dumbell of 2.3 kg in the 30-second interval. It 

detects the number of movements performed in 30 

second-interval [25]. 

 3-m Backwards Walk test was used to evaluate 

dynamic balance during walking backwards; the 

subject, walks backwards for 3 meters and the task 

were measured with 1/10 second accuracy. The 

partecipant performs two trials and the average 

time was calculated [27]. 

 Tandem walk test was used to evaluate dynamic 

balance during a specific walking task performed 

on a line (2 m length, 5 cm wide): the subject was 

instructed to place one foot behind the other, each 

time making sure that the toe of swing foot was 

placed directly behind the heel of stance foot. The 

subject was walk as fast and comfortable as 

possible without falling down [28,29]. 

 

Protocol 

The training period lasted 8 weeks, 3 sessions 

a week for a total of 24 sessions of about 50 minutes 

each in accordance with the literature [30]. 

 

Before and after the training period (T0 and 

T1), there were established two evaluation sessions on 

motor skills and anthropometric variables that provided 

Chair stand test, Arm Curl test, Single leg stance test, 8-
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foot-up-and-go test, 3-m Backwards Walk and 2 

Minutes Step test. These assessment sessions were 

conducted by expert preventive and adapted physical 

activity graduates. 

 

The test order was random, with the exception 

of the 2 minute step test, which is always the last test, as 

well as the indications provided by protocol [25]. 

 

Each training session provided an initial 10 

minute warm up phase for both groups, while the 

central phases were differentiated according to the 

assigned plans (Table 1); the subjects motor level skills 

and the literature indications, with particular reference 

to senior people, determined the choice of the intensity 

assigned to (3/w, 50min/session) of static balance 

training and walking tasks using instability tools 

(Slashpipe, Slashpipe GmbH, Essen, Germany) and 

reactive motor tasks. The exercise order presentation 

was randomized in each session.The control group 

followed recreational activities and no-specific physical 

activity (free walking, mobility, flexibility and gym 

with music), without the precise determination of the 

motor load (or “free load”) for the same time length. 

 

Table-1: The different training assigned for IG and CG. 

Central phase Instability training Group (IG) Central phase Control 

Group (CG) 

a) Free walking in a space that changes continuously (the teacher continuously moves the delimiters 

and changes geometric shapes and sizes available), changing direction to avoid touching the others 

(5x1 min, Rec.15 sec). 

b) Free walking with a wooden ramrod that is used to perform movements of the upper limbs: when 

two seniors meet, they exchange the ramrod (5x30 sec, Rec. 15 sec). 

c) Free walking, carrying a ball: when two seniors meet, they exchange the ball (5x30 sec, Rec.15 

sec). 

d) Free walking, the senior varies the walking speed (fast / slow) in relation to the teacher positions 

(5x30 sec, Rec.15 sec). 

e) Walking freely in a square 15x15 meters, performing twists on the transversal plane with 

slashpipe (5x30 sec, Rec.15 sec). 

f) Elevation of the slashpipe (Fig.1) during forward walking (3x15 meters, Rec.15 sec). 

g) Elevation of the slashpipe above the head (Fig.2) associated with thigh flexion (4x6 rip, Rec.15 

sec) 

h) Arms at the top that keep the slashpipe, walking tilting the trunk to the right and to the left and 

maintaining the monopodalic control (3x15 meters, Rec.15 sec). 

i) Walking, pushing the slahpipe forward and back to the chest (3x10 meters, Rec. 15 sec). 

j) In standing position and one-foot-stance, raise the slashpipe above the head, controlling the 

balance (3x10 sec for each limb, Rec.30 sec). 

k) Side step and ¼ squat with slashpipe on the chest (4x4 step for each limb, Rec. 15 sec) 

a) Free talk walking 

b) Joint mobility 

c) Flexibility  

d) Gym with music 

(recreational free 

dance) 

 

 

 
Fig-1 

  

 
Fig-2 

 

STATISTICAL ANALYSIS  
For all the values obtained, the descriptive 

statistic (mean, standard deviation) was determined. A 2 

(time) x2 (group) mixed-model ANOVA was used to 

examine the data of both groups together (IG and CG) 

in the pre- and post-training time points (T0 vs T1) in 

order to determine the main and interactive effects of 

training. Statistical significance was set at p <0.05. 
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RESULTS 
The results revealed a change in test scores 

across the two time periods (pre-intervention, post 

intervention) in the following tests: 

 

 8-foot-up-and-go test F(1,50)= 10.73, p<.005, 

partial 
2
 .17, effect size large [31,32]; 

 2 Minutes Step test F(1,50)= 44.74, p<.005, partial 


2
 .47, effect size large [31]; 

 Arm Curl test F(1,50)= 42.37, p<.005, partial 
2
 

.45, effect size large [31]; 

 Chair stand test F(1,50)= 28.57, p<.005, partial 
2
 

.36, effect size large [31]; 

 Single Leg Stance test right F(1,50)= 11.93, 

p<.005, partial 
2
 .19, effect size large [31]; 

 Tandem Walk F(1,50)= 2.84, p<.005, partial 
2
 .19 

, effect size large [31].   

 

The main effect in test scores comparing the 

two groups (IG: instability group, CG: no-specific 

physical activities) was significant in the following 

tests: 

 

 8-foot-up-and-go test F(1,50)= 41.68, p<.005, 

partial 
2
 .45 

 2 Minutes Step test F(1,50)= 28.68, p<.005, partial 


2
 .36 

 Arm Curl test F(1,50)= 75.17, p<.005, partial 
2
 

.60 

 Chair stand test F(1,50)= 54.63, p<.005, partial 
2
 

.52 

 Single Leg Stance test right F(1,50)= 8.87, p<.005, 

partial 
2
 .15 

 Single Leg Stance test left F(1,50)= 4.84, p<.05, 

partial 
2
 .08 

 3-m Backwards Walk test F(1,50)= 93.04, p<.005, 

partial 
2
 .65 

 Tandem Walk test F(1,50)= 63.25, p<.005, partial 


2
 .57. 

 

The most significant interactions between program type 

and time in the following tests: 

 8-foot-up-and-go test F(1,50)= 5.61, p= <.05, 

partial 
2
 .10 

 2 Minutes Step test F(1,50)= 6.31, p<.01, partial 
2
 

.11 

 Arm Curl test F(1,50)= 9.32, p<.005, partial 
2
 .11 

 Chair stand test F(1,50)= 8.14, p<.01, partial 
2
 .14 

 Single Leg Stance test right F(1,50)= 5.21, p<.05, 

partial 
2
 .09 

 Single Leg Stance test left F(1,50)= 10.39, p<.005, 

partial 
2
 .17 

 3-m Backwards Walk test F(1,50)= 67.95, p<.005, 

partial 
2
 .57 

 Tandem Walk test F(1,50)= 15.04, p<.005, partial 


2
 .24. 

 

The results are summarized in Table 2 and in Table 3. 

 

Table-2: Means, standard deviation, percentage performance increases of Physical Fitness Tests 

             T0                              T1  

Variable groupe Mean ± SD Mean ± SD % increases 

8-foot-up-and-go test (sec) IG 6.6±1.9 4.8±0.7 -27.2 

 CG 6.1±0.5 6.6±0.7 +7.6 

2 Minutes Step test (reps) IG 121.2±40.7 178.6±42.7 +32.2 

 CG 128.5±15.4 134.9±7.1 +4.8 

Arm Curl test (reps) IG 17.4±3.7 21.7±4.7 +19.2 

 CG 17.4±3.6 16.6±3.9 -4.6 

Chair stand test (reps) IG 15.6±3.01   18.6±3.6 +16.2 

 CG 15.1±3.8  14.5±2.5 -3.9 

Single Leg Stance test right 

(sec) 

IG 19.2±7.9 26.10±5.1 +26.5 

 CG 19.1±7.9 18.7±6.4 -2.1 

Single Leg Stance test 

left (sec) 

IG 20.7±7.9 24.7±4.9 +16.2 

 CG 19.5±3.8 18.1±4.8 -7.2 

3-m Backwards Walk test (sec) IG 4.4±0.8 2.8±0.6 -26.4 

 CG 4.8±0.7 5.9±1.5 +18.7 

Tandem Walk test  (sec) IG 9.5±2.6 6.4±1.7 -22.7 

 CG 9.5±2.5 10.7±1.5 +11.2 
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Table-3: Analyses of variance 

Variables Source F (1,50) p Partial η
2
 Cohen’s f 

8-foot-up-and-go test (sec) Time 10.73**** .002 .17 0.43 

 Group 41.68 **** .000 .45  

 Time x Group  5.61* .02 .10  

2 Minutes Step test (reps) Time 44.74**** .000 .47 0.91 

 Group 28.68**** .000 .36  

 Time x Group  6.31* .01 .11  

Arm Curl test (reps) Time 42.37**** .000 .45 0.89 

 Group 75.17**** .000 .60  

 Time x Group  9.32**** .004 .15  

Chair stand test (reps) Time 28.57**** .000 .36 0.72 

 Group 54.63**** .000 .52  

 Time x Group  8.14** .006 .14  

Single Leg Stance test right (sec) Time 11.93**** .001 .19 0.45 

 Group 8.87**** .004 .15  

 Time x Group  5.21* .02 .09  

Single Leg Stance test left (sec) Time 2.35 .13 .04 0.44 

 Group 4.84* .03 .08  

 Time x Group  10.39**** .002 .17  

3-m Backwards Walk test (sec) Time 2.84 .98 .05 0.68 

 Group 93.04**** .000 .65  

 Time x Group  67.95**** .000 .57  

Tandem Walk test  (sec) Time 12.27**** .001 .20 0.46 

 Group 63.25**** .000 .57  

 Time x Group  15.04**** .000 .24  

 

DISCUSSION 
The study aimed to describe and understand 

the effects of introducing instability tools and reactive 

motor tasks on over 65 aged motor capabilities. In 

everyday life the environment in which the senior 

moves is extremely variable; in particular way, this 

variability requires a continuous variation in the 

movement execution and walking [7]. 

 

Some authors have shown the sensory-motor 

integration through visual training may be an important 

component for dynamic balance improvements in older 

adults during functional integrative gait tasks [2, 33]. 

 

The lower limb strength evaluation in the IG 

showed a statistically significant increase in 

performance (approximately + 16%, p = 0.006, ES 

large) at the end of the 8 weeks: the getting up from the 

chair skill in fact is strongly influenced by postural 

control and balance [34,35].The performance gains 

obtained in the IG in the Arm Curl test (approximately 

+ 19%, p = 0.004, ES large) can be explained in 

consideration of the choice of some motor tasks that 

involved the use of the Slashpipe of about 5 kg: this 

external resistance, even if modest, it may have 

represented an effective load to increase the upper limb 

strength in the elderly over 65 years old. The 

assessment of walking speed through 8-foot-up-and-go 

in the pre-posttest comparison in IG showed a 

significant increase (approximately + 27%, p = 0.000, 

ES large): this increase is consistent with what was 

identified in literature following balance training 

programs [30]. 

It suggests that speed walking increased, not 

only because older adults proactively improved their 

movement stability, but also because they improve their 

reactive response so the loss of balance resulting in 

walking motor task decreases, as indicated in the 

literature for many years [2,36]. 

 

The statistically significant performance 

increases achieved in the 3-m Backwards Walk test 

(approximately 26%, p = 0.000, ES large) suggests that 

the proposed program allows transferring even in skills 

(walking backwards) not specifically trained during the 

8 weeks. 

 

The free walking tasks in which the space 

available for the exercise was constantly varied and 

those which included the exchange of tools have 

probably suddenly requested to walk backwards and / 

or, in any case, in different directions. 

 

The performance increases obtained in the 

Single-leg stance test for both limbs (left + 16%, p = 

0.002 ES large, right + 26%, p = 0.004, ES large) are 

lower than those described in the literature [30, 37]. 

 

 Most likely the prevalent use of dynamic 

balance motor tasks may have limited the static balance 

performance assessment; all this confirms that balance 

control is motor-task-dependent [9, 10, 11].  

 

The statistically significant performance 

increases achieved in the Tandem Walk test 

(approximately + 22%, p = 0.000 ES large), which is a 
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dynamic equilibrium test, seems to confirm this 

hypothesis since the advantages obtained are superior to 

those already seen in literature: in fact, so far, have been 

observed performance increases of approximately 1.3% 

and 14.6% [30,36,38,39]. 

 

The study allowed to understand the 

advantages obtainable from the use of motor tasks that 

call for reactive control, through the sudden 

perturbations of the tools used in this study or through 

the creation of executive constraints in the environment 

that require rapid and unexpected changes in the 

execution of the programmed movement. 

 

CONCLUSIONS 
The training programs structuring that 

introduce the older womens into a variable environment 

or that requires instability control allows recreating 

similar and specific reality conditions [10-12]. In which 

they must move. In fact, the reactive control to sudden 

perturbations is the most functional to the environment 

demands in which the elderlies live and interact [7]. 

However, the proposed exercises can be further 

expanded (in numerical and difficulty terms) to be able 

to better respond to the methodological rationale 

indicated in the literature [40].  

 

However, this study has some limitations: 

there was no minimum adherence required to allow 

subjects to be included/excluded from the study; and 

there were no differences between those who showed 

greater or lesser compliance. 
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