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ABSTRACT  
Objective: To compare hip reaction time and postural balance between community-dwelling 
and institutionalized elderly individuals. Method: We conducted a cross-sectional, 
controlled study. Thirty-four elderly volunteers were assessed and allocated to two groups: 
the Community-Dwelling Elderly Group (CDEG) (age= 68.630 ± 5.353 years; BMI= 27.464 ± 
3.185 kg/m2) and the Institutionalized Elderly Group (IEG) (age= 72.080 ± 5.123 years; BMI= 
26.091 ± 4.189 kg/m2). All participants were evaluated for postural balance using right and 
left single-leg stance tests, both with and without vision, and hip abduction total reaction 
time using the PhysioPlay device equipped with the KinectTM sensor (Microsoft, USA). 
Results: A significant difference between the groups was observed in single-leg stance time 
with eyes open (Left: p= 0.004; Right: p= 0.001) and with eyes closed (Left: p= 0.044; Right: 
p= 0.037). The reaction time for hip abduction in both hips did not show significant 
differences between the groups (p>0.05). Conclusion: The IEG exhibited shorter single-leg 
support time on both legs compared to the CDEG, no differences in hip abduction reaction 
time, indicating that reaction time is impaired in both groups. 
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RESUMO  
Objetivo: Comparar o tempo de reação do quadril e o equilíbrio postural entre idosos 
residentes na comunidade e institucionalizados. Métodos: Foi realizado um estudo 
transversal e controlado. Trinta e quatro idosos voluntários foram avaliados e alocados em 
dois grupos: Grupo de Idosos Comunitários (CDEG) (idade= 68.630 ± 5.353 anos; IMC= 
27,464 ± 3,185 kg/m2) e o Grupo de Idosos Institucionalizados (IEG) (idade= 72,080 ± 5,123 
anos; IMC= 26,091 ± 4,189 kg/m2). Todos os participantes foram avaliados quanto ao 
equilíbrio postural por meio de testes de apoio unipodal direito e esquerdo, com e sem 
visão, e tempo total de reação de abdução do quadril usando o aparelho PhysioPlay 
equipado com o sensor KinectTM (Microsoft, EUA). Resultados: Observou-se diferença 
significativa entre os grupos no tempo de apoio unipodal com os olhos abertos (Esquerda: 
p= 0,004; Direita: p= 0,001) e com os olhos fechados (Esquerda: p= 0,044; Direita: p= 0,037). 
O tempo de reação para abdução do quadril em ambos os quadris não apresentou 
diferenças significativas entre os grupos (p>0,05). Conclusão: O IEG exibiu menor tempo 
de apoio unipodal em ambas as pernas em comparação com o CDEG, sem diferenças no 
tempo de reação de abdução do quadril, indicando que o tempo de reação está 
comprometido em ambos os grupos. 
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INTRODUCTION 
 

Globally, population ageing has been increasing steadily and 
rapidly for decades.1 Biologically, the human body has a natural 
decline in its physiological, metabolic, and functional functions 
over time. This process results in a series of consequences for 
the elderly linked to increased dependency, reduction of muscle 
mass and mobility, diminished bone density, reduction of physical 
resistance, and a higher propensity for chronic illnesses.2 

One of the main concerns in the elderly is the risk of falls. It has 
been observed that one third of the elderly report at least one fall 
per year, directly impacting their quality of life. Elderly individuals 
residing in the community experience an annual incidence of falls 
of approximately 30%, with 45% of these individuals experiencing 
recurrent falls. While those residing in Long-Term Care Institu-
tions for elderly people have an incidence of around 40%, with up 
to 66% of them experiencing recurrent falls. Possible explana-
tions for these findings associate that the elderly people who live 
in Long-Term Care Institutions show higher levels of frailty, func-
tional dependence, debility, as well as depressive symptoms, 
loneliness, pain, malnutrition and lower socio-economic and edu-
cational conditions.3 

When an external disturbance to the vertical balance is applied, 
the central nervous system (CNS), initiates postural responses to 
correct the displacement of the center of mass (COM) in relation 
to the boundaries of the base of support.4 These actions vary in 
complexity and typically involve contractions of muscles around 
the ankle and/or hip joints, generating a moment of sufficient 
magnitude to maintains balance.5,6 The ability to organize pos-
tural responses to unexpected disturbances to preserve balance 
is crucial in fall prevention.7  

The evoked response depends on several factors, including the 
disturbance intensity, environmental conditions, and physical 
constraints.8 Among these, it is known that elderly people exhibit 
physiological deficiencies such as impaired balance, compro-
mised gait, muscular weakness, and slow voluntary reaction time. 
Reaction time is defined as the time from the onset of signaling 
to the fist pre-established movement, representing the duration 
required for an individual to perceive an external stimulus and re-
spond to it.9 However, aging is associated with age-related neu-
rodegeneration, involving perceptual and visual acuity changes, 
vestibular system alterations, as well as central nervous system 
changes, with reduced conduction and central processing. Con-
sequently, the reaction time gradually declines in midlife and rap-
idly in aging7,10 manifested by delayed onset of late muscle acti-
vation measured after an unexpected postural disturbance. This 
delay can be significant in older individuals, as balance recovery 
is slower and less efficient.7  

The force platform is employed to measure the gait phases, re-
action forces and motor response time associated with human 
movement. These platforms usually utilize piezoelectric sensors, 
exclusively dynamic, and operate with increased complexity due 
to their high sensitivity.11 However, in a clinical context, these as-
sessment instruments are inviable due to their high costs, such 
as specific software requirements, the need for large rooms, as 
well as trained professionals for data acquisition and interpreta-
tion.12 In this regard, more accessible and user-friendly instru-
ments are necessary for reaction time assessment.  

Therefore, it involves the identification, interpretation, and prep-
aration of the response, as well as the motor action itself.13 With 
aging, postural balance is affected due to musculoskeletal 

changes, impacting muscle performance and joint mobility.14 
These conditions negatively affect postural responsiveness, man-
ifested as a delay in motor response. In this sense, it becomes 
important to assess the postural reaction time of these elderly 
individuals to identify and prescribe strategies to prevent falls.  

An alternative for assessing reaction time is through the 
KinectTM sensor, which has shown excellent levels of inter and 
intra-examiner reliability for reaction time assessment through 
tests and retests.13 This tool was used in various populations, as 
elderly,9 cancer13 and stroke patients.14 The KinectTM sensor 
utilizes a three-dimensional virtual environment that promotes 
the sensory and motor integration of a patient through the sensor. 
The system offers an innovative, simple, practical, functional, and 
cost-effective tool, easily transportable with the aim of being 
used as a physical assessment and intervention tool.13 

Additionally, it allows it use in a clinical setting or even in the 
elderly care homes.9  
 

OBJECTIVE 
 

The objective of this study was to compare postural balance in 
single-legged support and hip reaction time in elderly individuals 
living in the community and institutionalized. 
 

METHOD  
 

This is a cross-sectional, comparative, and controlled study, 
conducted from March to June 2023. The volunteers were con-
veniently allocated into two groups: the Community-Dwelling El-
derly Group (CDEG), comprising elderly individuals residing in the 
community, of both genders, who were invited from the waiting 
list of the physiotherapy sector at the University of Vale do 
Sapucaí, as well as invitations and social media, seniors associa-
tions, poster and flyer advertisements; and the Institutionalized 
Elderly Group (IEG), consisting of elderly individuals residing in 
the Long-Term Care Institution for elderly people (LTCIs).  

This study has received approval from the Research Ethics 
Committee of the Sapucaí Valley University (CEP-Univás), under 
protocol number: 5.969.599, and adheres to the principals stated 
in the Declaration of Helsinki (2000). All volunteers were in-
formed of the procedures involved in the study; upon their agree-
ment to participate, they signed an informed consent form.  

A total of 39 elderly volunteers of both genders were eligible for 
the study. Inclusion criteria considered volunteers of both sexes, 
aged between 60 to 80 years, residing in the community and 
LTCIs in the city of Pouso Alegre-MG and the surrounding region, 
with the necessary physical and cognitive conditions to perform-
ing the tests. This study excluded elderly volunteers, subjects 
who had difficulties in carring assessment instruments, compro-
mised cognitive function assessed by the Mini Mental State Ex-
amination (MMSE), those with hematological problems, people 
with diseases that compromised the movements of the upper and 
lower limbs, surgery within the past six months and those who 
could not participate in the study for personal reasons. diseases, 
the volunteers with infectious diseases; those with myopathies 
and recognized collagen disorders, and those that, for personal 
reasons, refuse to sign the informed consent form.  

Three volunteers from the IEG were excluded due to cognitive 
impairment, hearing and language difficulties, as well as the use 
of medications that could affect response time. Two volunteers 
from the CDEG due to medical diagnosis, one volunteer for having 
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diabetic neurophaty and the other having undergone hip replace-
ment. Consequently, data collection was performed with 34 el-
derly individuals, comprising 17 volunteers in the CDEG and 17 
volunteers in the IEG.  
 

Measures 
 

Previously, an assessment was carried out using a sociodemo-
graphic questionnaire, containing information about gender, age 
(years), body mass (kg), height (m), body mass index (kg/m2) and 
self-reported training volume weekly. All volunteers underwent 
assessments using the MMSE for mental and cognitive health 
evaluation,15 the Single Leg Stance Test (SLST) for postural bal-
ance, and the PhysioPlay® device equipped with KinectTM sensor 
(Microsoft, USA) to estimate reaction time. 
 

Assessment of posture balance by single-leg stance test (SLST) 
 

To assess postural balance, the SLST was used, on both lower 
limbs, in the conditions of eyes open and eyes closed. They were 
then instructed to remain in single-leg support, flexing the knee 
of the contralateral leg. A time of 30 seconds was timed, starting 
when the volunteer removed the limb from the ground, and the 
test ended when the foot was suspended on the ground or the 
maximum time of 30 seconds was reached.  

In the eyes-closed condition, volunteers were instructed to re-
main standing with their eyes covered by glasses and sound muf-
flers positioned in both ears to remove visual and vestibular sen-
sory information. The assessments were carried out under condi-
tions with eyes open and closed, with three tests being carried 
out and it was considering the best time.16 
 

Assessment of lower limb reaction time by PhysioPlay® 
 

To estimate of abduction hip reaction time, the PhysioPlay® de-
vice (Figure 1 - Image A) was connected to the KinectTM sensor 
(Microsoft, USA) was used to capture body movements.17  

Initially, all volunteers received guidance on how to use the in-
strument. The assessment was carried out bilaterally. The volun-
teer was positioned at two meters from the KinectTM sensor, con-
sidered the optimal distance for capturing the movement and the 
player images.9 The evaluation involved measuring the motor re-
sponse time for hip abduction movements of both lower limbs. 
Three assessments were conducted for all volunteers. Volunteers 
received verbal commands and demonstration sessions for the 
intended movement for familiarization with the assessment in-
strument. In all attempts, volunteers received the verbal com-
mand "lift the leg" or "lower the leg". 

With the volunteer positioned in front of the sensor and monitor, 
it was possible to obtain the hip abduction reaction time. The 
standardized target angles of hip abduction were 0, 10, 20 and 30 
degrees, with a total collection time of 30 seconds and a record-
ing frequency of 0.1ms. Three recordings were made for each hip, 
with a visual request for the target angle determined by the soft-
ware, while the volunteer was instructed to perform the move-
ment to reach the target angle.  

To interpret the total hip abduction reaction time, the time dif-
ference between the target angle requested by the device and the 
moment in which the volunteer reached the target angle during 
hip abduction was considered, which corresponds the signaling 
time of the first movement of the lower limb until reaching the 
target angle, called total reaction time9. Incorrect movements, in 

the opposite direction to the cue signal, were excluded. To evalu-
ate the volunteers' performance during the game, the data was 
exported to Microsoft Office Excel 2007. Data were expressed in 
second(s). 

 

 
Figure 1. A- PhysioPlay® layout screen; B- Position of the player 
in front of the sensor; C: Software preview screen with the player 
immersed in the virtual environment performing the test 
 

Statistical analysis 
 

The sample size and power were previously calculated using a 
pilot study. The calculation (G*Power 3.1.7; Franz Paul, Universi-
tät Kiel, Germany) sampling power and effect size was obtained 
by means of the single-leg stance time with eyes open, using the 
following parameters: Test family: t tests > Statistical test: 
means: difference between two independent means (two groups) 
> type of power analysis: a priori: compute required sample size—
given α, power, and effect size. The calculated sample requiring 
a minimum of 14 volunteers (d= 1.427; power= 0.808).  

The Statistical Package for Social Sciences (SPSS; IBM Corp., 
Chicago, USA), version 20.0 was used for the statistical analysis 
of the data. To test the normality of the data, the Shapiro-Wilk test 
was used. The analysis of the IEG and CDEG were submitted to 
the independent t-test if the sample had a normal distribution, and 
when normality was not achieved, the Mann-Whitney test was 
used as a non-parametric alternative. 

The effect size (Cohen’s d) between the IEG and CDEG was ob-
tained using the G*Power 3.1.7 software, obeying the following 
parameters: values equal to and greater than 0.8 represent a large 
effect size; values between 0.8 and 0.2 represent medium effect 
size values; and values below 0.2 represent small effect size.17 In 
all analyses, a significance level of 5% was considered. 

 

RESULTS 
 

Table 1 presents the sociodemographic results of the study par-
ticipants. There were no significant differences in the variables 
between the groups. 

 

Table 1. Mean and standard deviation data for sociodemographic 
variables of the groups 
 

Variables IEG (n= 17) CDEG (n= 17) p- value 

Age (Years) 72.080 ± 5.123 68.630 ± 5.353 0.108 

Mass (kg) 65.117 ± 13.756 71.864 ± 10.032 0.143 

Height (m) 1.575 ±  0.111 1.616 ± 0.076 0.189 

BMI (kg/m2) 26.091 ± 4.189 27.464 ± 3.185 0.179 

Physical Activity (x/week) 1.235 ± 1.751 1.647 ± 1.902 0.586 

Legend: IEG: Institutionalized Elderly Group; CDEG: Community-Dwelling Elderly Group; n: num-
ber; kg: kilogram; m: meter; BMI: body mass index; kg/m2: kilogram per square meter; x/week: 
frequency per week 

 

Table 2 presents the results of the bilateral Single Leg Stance 
Test and hip reaction time. It can be observed that for the single 
leg stance test, the CDEG showed significant increases in 
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unipedal support time in both lower limbs when compared to the 
IEG. However, there was no significant difference in the total re-
action time of both hips between the groups. 
 

Table 2. Comparative analysis of mean and standard deviation of 
the lower limbs single leg stance tests test and bilateral hip reac-
tion time between groups 
 

Variables  
IEG 

(n= 17) 
CDEG 

(n= 17) 
p-value Power d 

SLST (EO) (s) 
R 

5.450 ± 
5.256 

18.470 ± 
11.833 

0.001* 0.975 1.422 

L 
6.980 ± 
8.774 

17.564 ± 
9.857 

0.004* 0.878 1.134 

SLST (EC) (s) 
R 

2.865 ± 
2.368 

5.081 ± 
3.759 

0.037* 0.494 0.705 

L 
2.566 ± 
2.097 

5.495 ± 
6.768 

0.044* 0.364 0.584 

Total reaction 
time (s) 

RH 
2.358 ± 
0.712 

2.042 ± 
0.756 

0.622 0.221 0.430 

LH 
2.275 ± 
0.790 

2.103 ± 
1.095 

0.120 0.180 0.078 

Note: * p< 0.05 difference between groups. Legend: IEG: Institutionalized Elderly Group; CDEG: 
Community-Dwelling Elderly Group; n: number; SLS: Single Leg Stance Test; EO: Eyes open; EC: 
Eyes closed; s: seconds; RH: Right Hip; LH: Left Hip  

 

DISCUSSION 
 

The results of this study demonstrate that elderly individuals 
exhibit imbalances, with a higher risk of falls in the IEG compared 
to the CDEG. These findings are consistent with the literature, 
which indicates that the environment in which the elderly live, 
along with associated risk factors, contributes to an increased 
risk of falls.3 Elderly individuals living in Long-Term Care Institu-
tions (LTCIs) are characterized by increased sedentary behavior, 
loss of autonomy, lack of familial support, as well as the influ-
ences of biological factors, diseases, and other external causes 
common to this aging phase, all of which contribute to a higher 
risk of falls in this population.19 

This study highlights the negative impact of the environment in 
which elderly individuals live on their balance condition. Factors 
such as lack of cognitive stimulation, social isolation, and low fre-
quency of physical activity may have influenced the results. In 
this regard, regular physical activity brings various health benefits 
to the elderly, including reducing the incidence of chronic dis-
eases, cognitive disorders, improving muscle strength, preserving 
function and mobility, and reducing the incidence of falls.3 

In the single leg stance test, both groups evaluated showed bal-
ance changes in both lower limbs in the presence and absence of 
visual information. It is observed that IEG showed a shorter per-
formance time in the single leg stance test compared to CDEG, 
with a large effect size. We believe that the environmental factors 
in which the elderly person lives can influence physical perfor-
mance. These functional tests are relevant for determining the 
physical performance of the individual, as they incorporate phys-
ical skills such as strength, endurance, flexibility, and coordina-
tion.20 Considering that elderly individuals have significant reduc-
tions in these necessary skills to maintain unipedal support, the 
results should be interpreted with caution. Since this test involves 
other parameters in postural control, it may present disad-
vantages in identifying balance disorders, especially in clinical as-
sessments of the elderly.18,19 

Another possible explanation for the results could be related to 
biomechanical changes observed in the elderly. It is known that 
elderly individuals present alterations in balance control 

mechanisms, such as increased hip strategy activity, 
uncoordinated head and hip movements.21 Therefore, these 
biomechanical alterations lead to a greater tendency for 
oscillations, which, combined with reduced motor coordination, 
may impair balance correction through reaction time. 

It was observed that both groups did not show significant dif-
ferences in reaction time. Reaction time (RT) is considered a 
marker of cognitive function due to its association with neural 
functioning.22 In the present study, the elderly evaluated had pre-
served cognitive function as assessed by the MMSE. However, in 
a study with 245 volunteers submitted to upper limb reaction 
tests, it was observed that individuals diagnosed with mild cogni-
tive disorder had slower reaction time when compared to the con-
trol group.23 Such findings may be associated with a decrease in 
white matter in brain areas related to visuospatial cognition24 
which is related to the onset of dementia, as well as with the con-
nectivity of areas of the somatomotor, orbitofrontal and subcorti-
cal networks between individuals with and without cognitive prob-
lems, evaluated by functional magnetic resonance imaging.25  

We attribute this to age-related neurodegeneration, manifested 
by changes in perception, visual acuity, vestibular sense, as well 
as in the central nervous system, with decreased nerve conduc-
tion and central processing. Consequently, this may have a nega-
tive impact on postural responsiveness, manifested as a delay in 
the onset of late muscle activation measured after an unexpected 
postural disturbance. This delay can be significant in the elderly, 
as balance recovery and reaction time are slower and less effi-
cient.7 

Postural reflexes are initiated when the nervous system detects 
a postural threat and activates stabilizing muscles to resist the 
imposed forces. The fact that elderly individuals perform hip ab-
duction movements based on visual information requires afferent 
and efferent activations. Short-latency activation, originating in 
the spinal cord, is not sufficient to stabilize balance, while me-
dium and long-latency activations involving higher neural sys-
tems (as the brainstem and motor cortex) contribute to motor ac-
tivation.7 In the analysis of reaction time using surface electromy-
ography in biceps brachii and triceps brachii of the elderly, an in-
crease in activation time and total reaction time was observed 
when compared to young people.26 We attribute these compro-
mised postural reflexes in both groups to suggest that elderly in-
dividuals require more time to initiate muscle activity preceding 
adequate kinematic responses. 

In this study, no differences were found between the groups for 
reaction time. This result may be due to modifications in mental 
processing, afferent nerve conduction time, motion analysis time, 
and device response time.27 Another plausible explanation could 
be associated with compensatory strategies in which volunteers 
with balance problems cannot react quickly and safely to the 
stimulus, as they are unable to control the center of gravity over 
the small unipedal support base during contralateral limb move-
ment. This may be associated with the fact that elderly individu-
als have reduced ankle muscle strength compared to younger in-
dividuals, as well as lack of coordination or sensory abnormali-
ties.28 In addition, the reduction in mobility, as well as muscle 
strength of the lower limbs29 and upper limbs,30 the worsening of 
postural balance, may contribute to the slower reaction time.30  

Studies demonstrate that medication use can affect balance 
and reaction time,9,13,20,31 increasing the risk of falls.25 It is sug-
gested that evaluation and interventions to improve reaction time 
in the elderly can be a strategy to improve balance and prevent 
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the risk of falls in this population. 

Additionally, the equipment used for evaluation and the volun-
teers' experience with these tools must be taken into account. 
The instrument used in this study presents excellent levels of in-
ter and intra-examiner reliability for reaction time assessment 
compared to accelerometry.13 Measurement errors should be 
considered since the Kinect sensor has a delay in data acquisi-
tion, video processing, and display. Another explanation is that 
elderly individuals lack experience with the Kinect sensor, which 
may be attributed to the results obtained, demonstrating difficulty 
in responding to a stimulus, which may lead to a risk of falls.9 

This study has some limitations. The first is due to the small 
sample size of LTCI volunteers, as many are in wheelchairs 
and/or have cognitive deficits, which made it difficult to obtain a 
larger sample size. Another limitation found is due to the physical 
space for conducting collections in the home environment, where 
physical space was often limited, requiring adjustments to the en-
vironment or transfer to other locations to conduct the collection. 
Another difficulty that should be considered in future studies is 
the control of the environment and adequate clothing, which can 
guarantee other results. 
 

CONCLUSION 
 

In conclusion, under both open and closed-eye conditions, the 
CDEG and IEG groups showed a decrease in unipedal stance time 
in both lower limbs, with a significant reduction in the IEG com-
pared to the CDEG. As for reaction time with Physioplay®, no dif-
ferences were found between the groups in both hips, indicating 
that reaction time is impaired in both groups even with different 
performances in the single-leg stance test. However, further stud-
ies need to be developed to better understand these factors 
around these individuals. 
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