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ABSTRACT. Additional clinical tools should be investigated to facilitate and aid the early diagnosis of cognitive decline. 

Postural control worsens with aging and this may be related to pathological cognitive impairment. Objective: to compare 

the balance of older adults without dementia in a control group (CG) and with Alzheimer’s disease (AD), to observe the 

possible association with the independent variables (diagnosis, age, gender, and global cognition) and to verify the best 

posturographic analyses to determine the difference between the groups. Methods: 86 older adults (AD = 48; CG = 

38) were evaluated using the Berg Balance Scale (BBS) and postural control was assessed by stabilometry on the Wii 

Balance Board® (WBB). Independent T, Mann-Whitney U-tests, Effect Size (ES) and a linear regression were performed. 

Results: there was a significant difference for Elliptical Area, Total Velocity, Medio-Lateral displacements with closed 

eyes and open eyes, antero-posterior, with closed eyes and BBS between groups. These variables showed a large effect 

size for BBS (–1.02), Elliptical Area (0.83) with closed eyes, Medio-Lateral (0.80, 0.96) and Total Velocity (0.92; 1.10) 

with eyes open and eyes closed, respectively. Regression indicated global cognition accompanied by age, gender, and 

diagnosis influenced postural control. Conclusion: patients with AD showed impaired postural control compared to 

Control Group subjects. Total Velocity with closed eyes was the most sensitive parameter for differentiating groups and 

should be better investigated as a possible motor biomarker of dementia in posturographic analysis with WBB.

Key words: motor biomarker, Alzheimer’s disease, postural control, balance, dementia, older adults.

ANÁLISE POSTUROGRÁFICA DE ADULTOS IDOSOS SEM DEMÊNCIA E COM DOENÇA DE ALZHEIMER: ESTUDO DE CORTE 

TRANSVERSAL

RESUMO. Ferramentas clínicas adicionais devem ser investigadas para facilitar e auxiliar o diagnóstico prévio do declínio 

cognitivo. O controle postural piora com o envelhecimento e este fato pode estar relacionado com o comprometimento 

cognitivo patológico. Objetivo: comparar o equilíbrio de adultos idosos sem demência no grupo controle (GC) e com 

doença de Alzheimer (DA), observar as possíveis associações com as variáveis independentes (diagnóstico, idade, sexo 

e estado cognitivo global) e verificar as melhores análises posturográficas para determinar a diferença entre os grupos. 

Métodos: 86 idosos (DA = 48; GC=38) foram avaliados utilizando a escala de equilíbrio Berg (EEB) e o controle postural 

pela estabilometria no Wii Balance Board® (WBB). Testes T independente, Mann Whitney U, o tamanho de efeito (TE) e 

uma regressão linear foram realizados. Resultados: houve diferença significativa para AE, VT, ML com OA e OF, AP com 

OF e EEB entre os grupos. Estas variáveis mostraram um TE grande para EEB (–1.02), AE (0,83) com OF, ML (0,80; 0,96) 

e VT (0,92; 1,10) com OA e OF, respectivamente. A regressão indicou que a cognição global acompanhada da idade, 

gênero e diagnóstico contribuem para as alterações do controle postural. Conclusão: pacientes com DA apresentam 
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comprometimento do controle postural quando comparados a idosos saudáveis. A VT com OF foi o parâmetro mais 

sensível para diferenciar os grupos e deve ser melhor investigada como possível biomarcador motor de demência na 

análise posturográfica com o WBB.

Palavras-chave: biomarcador motor, doença de Alzheimer, controle postural, equilíbrio, demência, idosos.

The aging process is accompanied by inevitable physi-
ological and functional decline. Genetic and environ-

mental factors may aggravate functional impairment, 
especially when associated with a neurodegenera-
tive disease.1 Older adults over 65 years old suffer at 
least one fall a year2 and the increase in the number of 
chronic-degenerative diseases in these individuals fur-
ther increases this risk of falls. These events have a rela-
tionship with age and balance control, and the older the 
individual, the worse the stability and consequently, the 
greater their risk of falls.3 

Among the neurodegenerative diseases, dementias 
are more prevalent, with Alzheimer’s disease (AD) the 
most common.4 Symptoms, such as impairments of 
memory, language, problem-solving, and other cogni-
tive abilities, affect the ability to perform daily activi-
ties.5 AD is also associated with decreased mobility and 
balance and, hence, independence.6 The clinical staging 
of AD is classified as mild (CDR1), moderate (CDR2), or 
severe (CDR3) by the Clinical Dementia Rating,7 accord-
ing to the impairment of the patient with AD.

About two-thirds of older people with cognitive 
impairment suffer a fall yearly,8 a rate three times 
higher than in older adults without dementia (CG).9 
These events are usually more severe in the AD popula-
tion, resulting in trauma, such as hip fractures.10 Elderly 
people with AD are more susceptible to these conse-
quences9 because impairments in gait and balance,11 
limited attention,12,13 use of psychotropic drugs,14 and 
behavioral changes15 may increase the risk of falls in this 
population.16 Static standing posture is a very important 
motor function for activities of daily living (ADL) and 
seems to be correlated with cognitive function.17 There-
fore, it is important to detect pre-clinical manifestations 
of these motor impairments, such as postural control 
deficit, which could be a low-cost motor biomarker to 
aid in differential clinical diagnosis and follow-up of AD 
progression. 

Subjective assessments of balance, which do not 
employ specific equipment, such as the Berg Balance 
Scale (BBS), are widely used. However, in spite of their 
ease of application and the fact they provide important 
information,18,19 they are not sensitive for detecting 
small changes in balance.19 However, stabilometry, an 
objective way of assessing balance, uses a force platform 

that is sensitive to such changes in postural control20 
through center of pressure (CoP) tracking. In addi-
tion, there is the Wii Balance Board (WBB) (Nintendo®, 
Kyoto, Japan), which is similar to a force platform. A 
recent review showed that, despite limitations, WBB can 
provide valid results and has reliability characteristics 
similar to force platforms for static standing comput-
erized posturography.21 In addition, this equipment is 
portable, simple to operate, and lower cost than the tra-
ditional force platform. This makes its adoption more 
clinically feasible, which would be useful in the clinical 
evaluation of patients with AD because it is a valid and 
reliable device.22,23 

Although the force platform is one of the most 
used instruments, there is no consensus on which CoP 
variables should be used in the assessment of postural 
control. The relationship between the scores on balance 
tests and CoP displacement measures are moderate.24 
Therefore, the combined use of subjective and quantita-
tive assessments could increase the detail of the data.19 
However, the hypothesis holds that the platform is 
sensitive for detecting differences in postural control 
between distinct groups, thereby aiding clinical decision-
making. The objectives of the present study were: (1) 
to compare the postural control of older adults in the 
CG with that of AD patients using the BBS and stabi-
lometry on the WBB platform; (2) to observe possible 
association with the independent variables (diagnosis, 
age, gender and global cognition); and (3) to verify the 
best posturographic analyses to determine the differ-
ence between groups.

METHODS

Study design and sample selection
This cross-sectional study followed the Strengthening 
the Reporting of Observational Studies in Epidemi-
ology: STROBE Statement25 and was part of a larger 
study, entitled “The Effectiveness of Physical Exercise 
in the Treatment of Alzheimer’s Disease, Major Depres-
sion and Parkinson’s Disease” (number: 1.039.235). 
This study commenced in 2014 and will be run until 
2019. The data collection presented in this study was 
performed between August 2014 and June 2017. All 
participants gave informed consent, which described 
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all the research information and the contact of the 
researcher responsible for the study.

In this study, 86 subjects (>60 years old) were 
recruited (48 with AD and 38 healthy). The inclusion 
criteria were: subjects aged over 60 years, literate, with 
a previous clinical diagnosis of AD and older adults with 
no previous history of psychiatric disease. Exclusion 
criteria were: subjects with orthopedic disorders that 
rendered them unable to perform the necessary tests, 
subjects with other neurological impairments or with a 
diagnosis of severe stage AD (CDR3). 

 AD subjects were recruited at the Center for 
Alzheimer’s Disease and Related Disorders, Psychiatry 
Institute, Federal University of Rio de Janeiro (CDA-
IPUB-UFRJ). The diagnosis was established according 
to the criteria defined for a Structured Clinical Interview 
for DSM Disorders (SCID), whereas the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-V - Ameri-
can Psychiatric Association, 2014) was used for mental 
disorders. 

The assessments were performed during two vis-
its. On the first visit, all procedures were explained to 
the participants (CG) or their caregivers (AD). Subjects 
underwent anamnesis, and a global cognitive status 
assessment using the Mini-Mental State Examination 
(MMSE).26 On the second visit, balance tests (BBS and 
postural control on WBB platform) and the handgrip 
test were applied.

Data sources 
Postural control was evaluated by computerized posturog-
raphy using stabilometry with the WBB platform. The 
signal was obtained at a frequency of 40 Hz and a Butter-
worth 8th low-pass filter of 12 Hz was used to eliminate 
frequencies from artifacts with the Labview® software. 
For the analysis of postural control data, the Matlab® 
software (version 16) was used. The subjects positioned 
their feet as comfortably as possible, without exceeding 
shoulder width. The support base with the positioning 
of the feet of each subject was recorded and stored, in 
order to maintain the same position in the later evalu-
ations. The evaluator instructed each subject to remain 
in the upright quiet posture, as still as possible, and 
with arms relaxed alongside the body during the evalu-
ation. The measurements were performed six times, 
the first three with eyes open (EO) and the last three 
with eyes closed (EC). Among the three tests with EO, 
the test with the lowest elliptical area value of 95% of 
CoP27 was chosen (the best postural control test), and 
all variables were extracted from this test. The same 
procedure was followed for the evaluation with EC. 

The lowest of the three values was chosen to minimize 
factors which could influence balance (e. g. adapta-
tion to quiet posture with gaze fixed on a point on the 
wall). Each subject was instructed to focus gaze on a 
fixed point for one minute (marked on the wall, at the 
height of the eyes and 2 m away from subject). The first 
30 seconds (s) of each test were used only to adapt the 
assessed position. Signal uptake was performed only 
during the last 30 s of the test. The software stopped 
recording automatically, according to the measurement 
time. Thus, only the last 30 s of data for each test on 
the WBB were captured and analyzed. A rest interval 
of 1 minute was allowed between the tests. The vari-
ables of interest were obtained by means of the coor-
dinates (X and Y) of the CoP. Therefore, Elliptical Area 
95% (EA), Total Velocity (TotVel), antero-posterior (AP) 
and Medio-Lateral (ML) (both are the range of the time 
series of CoP), and Total Displacements (TD) with EO 
and EC were obtained. CoP velocity is used as the main 
cognitive decline-related outcome, and few studies have 
shown the role of other stabilometry variables in AD.28,29 
Therefore, we included all the aforementioned stabilom-
etry outcomes. All procedures followed the standards of 
validity and reliability previously published.22,23 These 
variables, as well as others commonly used in posturog-
raphy, are described in Table 1, together with code 
examples for the Matlab programming environment. 
These codes assume that the CoP data in the AP and ML 
directions, as CPap and CPml, respectively, are variables 
in the Matlab environment, where corrections were also 
performed by regressions.

The evaluation of balance was performed with the 
BBS, which evaluates the performance of functional 
balance on 14 items common to basic activities of daily 
living. Each item has an ordinal score of five alternatives 
ranging from 0 to 4 points. Therefore, the maximum 
score is 56 points, where the higher the score, the better 
balance and, consequently, the lower the risk of falling.30 

Handgrip strength test was performed with a dyna-
mometer (TAKEI®, Japan) as a way of assessing muscle 
strength, in order to estimate sarcopenia. Three repeti-
tions were performed with each hand and the subject 
was instructed to perform maximum possible flexion of 
the fingers for five seconds. The highest value for each 
hand was considered.31 In addition, total body mass (Kg) 
and body mass index (BMI) were measured.

Statistical methods
The normality and homoscedasticity of the sample 
were analyzed by the Kolmogorov-Smirnov test and the 
Levene test, respectively. Data are expressed as mean ± 
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Table 1. Variables obtained from CoP and codes to calculate in Matlab. 

Variables Matlab codes 

Anteroposterior displacements CoP ap = filtfilt(b,a,file(:,2))110;

CoP AP = (max(CoP ap)-min(CoP ap)); 

Mediolateral displacements CoP ml = filtfilt(b,a,file(:,1))./10;

CoP ML = (max(CoP ml)-min(CoP ml));

Total displacements DOT = sum(sqrt((CoP AP .^ 2)+(CoP ML .^ 2)));

Total velocity TotalVel = sum(sqrt(diff(CoP AP).^2+diff(CoP ML).^2))*freq/length(CoP AP);

Elliptical Area 95% [vec,vall = eig(cov(CoP AP,CoP ML));

EA=pi*prod(2.4478*sqrt(svd(val))); 

Table 2. Descriptive analyses of samples. 

Variable CG (n=38) AD (n=48) t/U p-value

Age, years 73.6 ± 9.11 80.2 ± 7.61 –3.66a <0.001*

Education, years 12 (6.3) 9 (7) –3.21b 0.001*

Gender, %females 92.1% 56.3% 16,79c <0.001*

Total body mass, kg 64.5 (13.5) 64 (13.5) 0.33b 0.730

Height, m 1.58 (0.1) 1.57 (0.2) –0.14b 0.880

BMI, kg/m2 25.96 ± 2.89 25.65 ± 4.23 0.38a 0.705

Handgrip, kgf 23.3 (8.0) 21.5 (10.1) –0.80b 0.420

Falls, nº/year 0 (0.5) 0 (1.0) –1.73b 0.080

MMSE, score 29 (2.0) 20 (6.5) –7.45b <0.001 *

CDR, score 0 1 (1) –8.31c <0.001* 

CG: control group; AD: Alzheimer disease; BMI: Body mass index; MMSE: Mini-Mental State Exam; CDR: Clinical Dementia Rating; mean ± standard 
deviation; median (interquartile range); at-test of independent samples; bMann-Whitney U test; cChi-Square; *p < 0.05. 

standard deviation and median (interquartile range) for 
normal and non-normal data, respectively. To evaluate 
differences between groups, the independent T-test for 
parametric variables and Mann-Whitney U-test were 
applied for non-parametric variables. The Chi-square 
test was used for categorical variable (gender). Logs were 
used for all stabilometry variables. Effect Size (ES) was 
calculated for the balance variables (BBS and postural 
control) in order to estimate the dependent variable 
with the greatest effect on group differentiation.32 In 
addition, linear regression was processed for dependent 
variables that had large ES (≥0.8) and the enter method 
applied to identify which independent variables (diag-
nosis, age, gender and MMSE) most contributed to 
changes in postural control. Bonferroni adjustment was 

used when multiple comparisons were done. The soft-
ware used for all statistical analyses was SPSS version 19 
and the accepted significance level was p ≤ 0.05.

RESULTS
The characteristics of the sample are presented in Table 
2. As expected, data analysis showed that the groups 
differed in age (CG < AD), education (AD < CG), global 
cognitive status (AD < CG), and CDR, because these 
are the main risk factors for the disease. However, the 
groups were similar in relation to total body mass, 
height, Body Mass Index (BMI), handgrip strength, and 
the number of falls per year.

Comparison of postural control and balance of the 
groups showed better performances in the CG group for 
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all variables except TD-OE and TD-CE and CoP AP-OE, 
which did not differ significantly. On the ES analysis, a 
large effect was observed for TotVel and CoP ML vari-
ables with OE and CE, EA-CE and BBS (Table 3). The best 
posturographic analyses results were observed for Tot-
Vel-CE and BBS with ES (1.10 and –1.02), respectively.

Although the linear regression analysis (with con-
founding independent variables identified given in Table 
2) showed a significant contribution to the model of all 
posturographic variables with large ES (BBS, EA-CE, 
TotVel-OE, TotVel-CE, CoP ML-OE, CoP ML-CE), the 
two largest predictions were also observed with TotVel-
CE and BBS. The model with diagnosis, MMSE, gender 
and age together, explains about 40% of the result on 

the BBS, with age showing a significant and inversely 
proportional contribution to the result. With TotVel-
CE, the same model explains 24% of the result, with 
the MMSE and diagnosis having the largest contribution 
plots. In addition, we have the model in question, with 
a prediction of 18% for EA-CE and a significant propor-
tion for gender (Table 4). It is important to emphasize 
that some outcomes were not normally distributed (e. 
g. BBS), which may influence the results that exhibit a 
small mean significant difference. 

DISCUSSION
The present study found greater impairment of postural 
control among patients with AD in area, velocity, and ML 

Table 3. Comparison between groups in the log stabilometry measurements (WBB) and balance (BBS). 

Dependent variables (Log) CG (n=38) AD (n=48) t/U p-value ES (d) 

BBS, Score 56 (1.0) 54 (4.0) –4.56a <0.0010*# –1.02**

EA-OE, cm2 0.59 ± 0.68 1.15 ± 0.83 –3.39a 0.001*# 0.73

EA-CE, cm2 2.35 (1.97) 3.62 (5.85) –3.44b 0.001*# 0.83**

CoPTD-OE, cm 4.65 ± 0.46 4.75 ± 0.46 –0.99a 0.321 0.22

CoPTD-CE, cm 4.81 ± 0.45 4.93 ± 0.44 –1.15a 0.250 0.25

TotVel-OE, cm/s 0.73 ± 0.30 1.01 ± 0.31 –4.29a <0.001*# 0.92**

TotVel-CE, cm/s 0.88 ± 0.31 1.28 ± 0.40 –5.06a <0.00*# 1.10**

CoPAP-OE, cm 1.31 ± 0.35 1.44 ± 0.40 –1.52a 0.131 0.34

CoPAP-CE, cm 1.47 ± 0.38 1.68 ± 0.41 –2.51a 0.014*# 0.53

CoPML-OE, cm 0.82 (0.41) 1.03 (0.69) –3.41b 0.001*# 0.80**

CoPML-CE, cm 0.92 (0.35) 1.29 (0.87) –4.18b <0.001*# 0.96** 

CG: control group; AD: Alzheimer disease; BBS: Berg Balance Scale; EA: elliptical area; CoP TD: Total CoP displacement; TotVel: total velocity; AP: antero-
posterior; ML: mediolateral; OE: open eyes; CE: closed eyes; CoP: center of pressure; mean ± standard deviation; Median (Interquartile Range); at-test 
of independent samples; bMann-Whitney U test; ES (d): effect size; *p ≤ 0.05; **d ≥ 0.80; #statistically significant after Bonferroni adjust. 

Table 4. Linear regression for the stabilometry measurements (WBB) and balance (BBS) controlled for independent variables.

BBS 
(R2 = 0.409;  
p < 0.001*)

EA-CE 
(R2 = 0.188; 
p = 0.003*)

TotVel-OE 
(R2 = 0.229; 
p < 0.001*)

TotVel-CE 
(R2 = 0.242;  
p < 0.001*)

CoPML-OE 
(R2 = 0.200;  
p < 0.002*)

CoPML-CE 
(R2 = 0.190;  
p = 0.001*)

b p b p b p b p b p b p

Diagnoses –0.181 0.207 0.193 0.248 0.175 0.284 0.210 0.185 0.139 0.401 0.188 0.247

MMSE 0.169 0.251 –0.083 0.620 –0.169 0.302 –.0279 0.081 –0.118 0.479 –0.159 0.330

Age –0.455 p < 0.001* 0.009 0.937 0.169 0.122 0.052 0.618 0.077 0.486 0.081 0.455

Gender –0.43 0.660 –0.251 0.029* –0.122 0.268 –0.086 0.421 –0.255 0.026 –0.197 0.077

BBS: Berg Balance Scale; EA-CE: elliptical area-closed eyes; TotVel-OE: total velocity-open eyes; TotVel-CE: total velocity-close eyes; CoP ML-OE: center of pressure medio lateral-open eyes; CoP 
ML-CE: center of pressure medio lateral-close eyes; R2: determination coefficient; b: partial regression coefficients; *p ≤ 0.05.
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displacements of CoP with OE and CE. Balance measured 
with the clinical BBS also proved lower in AD than in 
CG older adults. However, age had a significant impact 
on the BBS measure. The TotVel-CE had the highest ES 
in the comparisons between groups and was not influ-
enced by age and gender in the posturographic analysis.

In a recent review, all of these measures had previ-
ously been observed as variables capable of differen-
tiating the studied groups, but were obtained using 
different balance assessment tools.13 Our study shows 
that each of these measures can be obtained using the 
WBB. Our findings corroborate results of Deschamps, 
Beauchet29 and Mignardot, Beauchet28 , who found an 
increase in the average absolute maximum velocity 
(AAMV) of individuals with cognitive impairment and 
patients with AD, suggesting that velocity may be the 
key to identifying a new biomarker for early cognitive 
dysfunction. This result is expected because velocity is 
associated with displacement and its time. Patients with 
AD have greater difficulty remaining static and move 
more until they reach stability, featuring a displacement 
greater than CG older adults on the same time measure, 
thus also showing a higher speed. 

The ML displacement of the CoP followed the veloc-
ity result, despite the different effect size between vari-
ables. The only result that did not show a difference 
between groups was the CoP AP-OE and TD with OE 
and CE. AP-OE displacement of the CoP results diverge 
from the findings of Leandri, Cammisuli33 who showed 
a significant difference for this postural control analy-
sis between healthy and AD patients. Our findings cor-
roborated results of Andrade et al.34 who also found no 
differences between groups for TD.

As expected, we found worse balance in the AD group 
evaluated by the BBS. These findings partially reflect the 
results of Kato-Narita, Nitrini35 who found worse bal-
ance in patients with moderate AD compared to healthy 
older adults, but no difference between healthy older 
adults and mild AD patients. We suggest that postural 
control is impaired even before important cognitive 
complaints manifest, and can be investigated as a bio-
marker for differential diagnosis and for following up 
response to propaedeutic and therapeutic interventions 
in neurocognitive disorders among older adults. 

Several circuitries and brain areas may contribute 
to explain the poor performance of postural control in 
AD. Visual circuitry influenced postural control, since 
we observed differences between OE and CE condi-
tions. Postural sway tended to increase with CE in both 
groups, but was worse in the AD group. This is in agree-
ment with the findings of Leandri, Cammisuli,33 which 

showed a worsening in postural control with CE for AP 
sway among HE, MCI, and AD groups. However, the 
authors pointed to the possibility of some information 
failure in other sensory systems besides vision, such as 
vestibular and somatosensory, which are also respon-
sible for balance. In addition, sensory-motor processing 
with constant feedback is necessary for proper activa-
tion of the specific skeletal muscle to maintain optimal 
posture.36 Another important circuitry associated with 
postural control is the hippocampus-entorhinal cortex, 
areas that are degenerated in the early stages of AD.37 
Thus, in addition to the expected memory impairment 
in AD, changes in postural control may be observed in 
the prodromal stages of the disease.38 

The present study has some limitations that should 
be considered. The small sample, as well as the non-
division of the disease stages, may have influenced 
the results Although we tried to adjust for differences 
between groups in age and gender, it is important to 
consider the influence of these confounding variables 
for posturographic analysis. Furthermore, the cross-sec-
tional design precluded conclusions regarding the cause-
and-effect relationship, and prospective cohort studies 
are necessary to better understand the losses of postural 
control in AD prodromal stages. Considering the prog-
ress of AD, dynamic posturography may be investigated 
primarily to differentiate MCI and we, therefore, suggest 
this test for future studies in the field. We understand 
that cognitive impairment is associated with postural 
control, leading to a deficiency in the sensory-motor 
strategy to be adopted and, thus, in the response to 
postural stability. Small changes in postural control, 
detected early, even in the absence of important cogni-
tive complaints, may be associated with some change 
in cortical-subcortical circuitry. In the present study, 
TotVel with closed eyes, measured by the WBB, was the 
most sensitive parameter for differentiating older adults 
in the CG and patients with AD and should be further 
investigated as a possible motor biomarker for dementia 
conditions. To the best of our knowledge, this was the 
first study investigating postural control through these 
variables using the WBB platform, an ecological tool 
given its low cost and ease-of-application.

In conclusion, we conclude that posturographic ana-
lysis measures to differentiate between older adults in 
the CG and AD groups can be obtained using the WBB 
The TotVel variable seems to be more responsive and 
may not be influenced by age or gender in these groups.

Acknowledgment. We thank the following funding agen-
cies: Conselho Nacional de Desenvolvimento Cientifico e 



Dement Neuropsychol 2019 June;13(2):196-202

202 Posturographic analysis in AD    Sant’Anna et al.

Tecnológico (CNPq-301483/2016-7), Fundação de Amparo 
à Pesquisa do Estado de Minas Gerais (FAPEMIG) and 
Fundação Carlos Chagas Filho de Amparo à Pesquisa 
do Estado do Rio de Janeiro (FAPERJ-E26/203.193/ 
2016).

Authors contributions. Ms. Sant ‘Anna, Msc. de Oliveira 
Silva, Dr. Welter, Dr. Praxedes, and Dr. Deslandes 
conceptualized, carried out the analyses, revised the 
manuscript and designed the study. Ms. Sant ‘Anna, 
Msc. de Oliveira Silva, Msc. Ferreira, and Ms. Plácido 

collected data.Ms. Rodrigues and Dr. Monteiro-Junior 
carried out the analyses. Dr. Monteiro-Junior, Dr. Laks, 
Dr. Marinho, and Dr. Deslandes participated in concep-
tualizing the study, how to understand and analyze 
the results, and editing and revising the manuscript.
Ms. Sant ‘Anna, Msc. de Oliveira Silva, Msc. Ferreira, 
Ms. Plácido, Dr. Monteiro-Junior, and Dr. Deslandes 
produced the original draft and performed editing. 
All authors reviewed and revised the manuscript and 
approved the final manuscript as submitted, and agreed 
to be accountable for all aspects of the work.

REFERENCES 
1. Cevenini E, Bellavista E, Tieri P, Castellani G, Lescai F, Francesconi M, 

et al. Systems biology and longevity: an emerging approach to identify 
innovative anti-aging targets and strategies. Curr Pharm Des. 2010; 
16(7):802-13.

2. Campbell AJ, Reinken J, Allan BC, Martinez GS. Falls in old age: a study 
of frequency and related clinical factors. Age Ageing. 1981;10(4):264-70.

3. Desai A, Goodman V, Kapadia N, Shay BL, Szturm T. Relationship 
between dynamic balance measures and functional performance in 
community-dwelling elderly people. Phys Ther. 2010;90(5):748-60.

4. Herrera EJ, Caramelli P, Silveira ASB, Nitrini R. Epidemiologic Survey of 
Dementia in a Community-Dwelling Brazilian Population. Alzheimer Dis 
Assoc Disord. 2002;16(2):103-8.

5. Alzheimer’s A. 2015 Alzheimer’s disease facts and figures. Alzheimer’s 
Association. Alzheimer Dement. 2015;11(3):332-84.

6. Sauvaget C, Yamada M, Fujiwara S, Sasaki H, Mimori Y. Dementia as a 
Predictor of Functional Disability: A Four-Year Follow-Up Study. Geron-
tology. 2002;48(4):226-33.

7. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clinical 
scale for the staging of dementia. Br J Psychiatry. 1982;140:566-72.

8. van Dijk P, Meulenberg O, van de Sande H, Habbema J. Falls in 
dementia patients. Gerontologist. 1993;33(2):200-4.

9. Morris J, Rubin E, Morris E, Mandel S. Senile dementia of the Alzheimer’s 
type: an important risk factor for serious falls. J Gerontol. 1987;42(4): 
412-7.

10. Sato Y, Kanoko T, Satoh K, Iwamoto J. Risk factors for hip fracture 
among elderly patients with Alzheimer’s disease. J Neurol Sci. 2004; 
223(2):107-12.

11. Tanaka A, Okuzumi H, Kobayashi I, Murai N, Meguro K, Nakamura T. 
Gait disturbance of patients with vascular and Alzheimer-type dementias. 
Percept Mot Skills. 1995;80(3 Pt 1):735-8.

12. Sheridan PL, Hausdorff JM. The role of higher-level cognitive function in 
gait: executive dysfunction contributes to fall risk in Alzheimer’s disease. 
Dement Geriatr Cogn Disord. 2007;24(2):125-37.

13. Mesbah N, Perry M, Hill KD, Kaur M, Hale L. Postural Stability in Older 
Adults With Alzheimer Disease. Phys Ther. 2017;97(3):290-309.

14. Sterke CS, Verhagen AP, van Beeck EF, van der Cammen TJ. The influ-
ence of drug use on fall incidents among nursing home residents: a 
systematic review. Int Psychogeriatr. 2008;20(5):890-910.

15. Doorn CV, Gruber-Baldini AL, Zimmerman S, Hebel JR, Port CL, 
Baumgarten M, et al. Dementia as a risk factor for falls and fall injuries 
among nursing home residents. J Am Geriatr Soc. 2003;51(9):1213-8.

16. Kim DH, Brown RT, Ding EL, Kiel DP, Berry SD. Dementia medications 
and risk of falls, syncope, and related adverse events: meta-analysis of 
randomized controlled trials. J Am Geriatr Soc. 2011;59(6):1019-31.

17. Tell GS, Lefkowitz DS, Diehr P, Elster AD. Relationship Between Balance 
and Abnormalities in Cerebral Magnetic Resonance Imaging in Older 
Adults. Arch Neurol. 1998;55(1):73-9.

18. Berg K, Norman KE. Functional Assessment of Balance and Gait. Clin 
Geriatr Med. 1996;12(4):705-23.

19. Blum L, Korner-Bitensky N. Usefulness of the Berg Balance Scale in 
Stroke Rehabilitation: A Systematic Review. Phys Ther. 2008;88(5): 
559-66.

20. Woollacott MH. Systems contributing to balance disorders in older 
adults. J Gerontol. 2000;55A(8):M424–M8.

21. Clark RA, Mentiplay BF, Pua YH, Bower KJ. Reliability and validity of the 
Wii Balance Board for assessment of standing balance: A systematic 
review. Gait Posture. 2018;61:40-54.

22. Monteiro-Junior R, Ferreira A, Puell V, Lattari E, Machado S, Vaghetti 
C, et al. Wii Balance Board: Reliability and Clinical Use in Assessment 
of Balance in Healthy Elderly Women. CNS Neurol Disord. 2015;14(9): 
1165-70.

23. Park DS, Lee G. Validity and reliability of balance assessment soft-
ware using the Nintendo Wii balance board: usability and validation. J 
Neuroeng Rehabil. 2014;11:99.

24. Frykberg GE, Lindmark B, Lanshammar H, Borg J. Correlation between 
clinical assessment and force plate measurement of postural control after 
stroke. J Rehabil Med. 2007;39(6):448-53.

25. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vanden-
broucke JP. The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) Statement: Guidelines for reporting observa-
tional studies. Int J Surg. 2014;12(12):1495-9.

26. Folstein MF, Folstein SE, Mchugh PR. “Mini-mental state”: A practical 
method for grading the cognitive state of patients for the clinician. . 
Psychiatr Res. 1975;12:189-98.

27. Duarte M, Freitas SMSF. Revisão sobre posturografia baseada em 
plataforma de força para avaliação do equilíbrio. Rev Bras Fisioter.  
2010;14:183-92.

28. Mignardot JB, Beauchet O, Annweiler C, Cornu C, Deschamps T. 
Postural sway, falls, and cognitive status: a cross-sectional study among 
older adults. J Alzheimers Dis. 2014;41(2):431-9.

29. Deschamps T, Beauchet O, Annweiler C, Cornu C, Mignardot JB. 
Postural control and cognitive decline in older adults: position versus 
velocity implicit motor strategy. Gait Posture. 2014;39(1):628-30.

30. Shumway-Cook A, Baldwin M, Polissar N, Gruber W. Predicting the 
probability for falls in community-dwelling older adults. Physical Therapy. 
1997;77(8):812-9.

31. Schlüssel M, dos Anjos L, de Vasconcellos M, Kac G. Reference values 
of handgrip dynamometry of healthy adults: A population-based study. 
Clin Nutr. 2008;27(4):601-7.

32. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. 
Hillsdale, N.J.: L. Erlbaum Associates; 1988.

33. Leandri M, Cammisuli S, Cammarata S, Baratto L, Campbell J, Simonini 
M, et al. Balance features in Alzheimer’s disease and amnestic mild 
cognitive impairment. J Alzheimers Dis. 2009;16(1):113-20.

34. Andrade LPd, Rinaldi NM, Coelho FGdM, Tanaka K, Stella F, Gobbi LTB. 
Dual task and postural control in Alzheimer’s and Parkinson’s disease. 
Motriz: Rev Educ Fis. 2014;20(1):78-84.

35. Kato-Narita EM, Nitrini R, Radanovic M. Assessment of balance in mild 
and moderate stages of Alzheimer’s disease: implications on falls and 
functional capacity. Arq Neuropsiquiatr. 2011;69:202-7.

36. Hodges PW, Gurfinkel VS, Brumagne S, Smith TC, Cordo PC. Coexis-
tence of stability and mobility in postural control: evidence from postural 
compensation for respiration. Exp Brain Res. 2002;144(3):293-302.

37. Scherder E, Eggermont L, Swaab D, van Heuvelen M, Kamsma Y, de 
Greef M, et al. Gait in ageing and associated dementias; its relationship 
with cognition. Neurosci Biobehav Rev. 2007;31(4):485-97.

38. Braak H, Braak E. Neuropathological stageing of Alzheimer-related 
changes. Acta Neuropathol. 1991;82(4):239-59.


