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Introduction

Aging is a worldwide phenomenon. According to the United 
Nations Organization, life expectancy for developed countries in 
1950 was 60/70 years, and for developing countries it was 40/50 
years. It is estimated that, in 2050, the average age for developed 
countries will be 70/80 years and 60/70 years for developing 
countries. These data show that, in 1950, the difference in life 
expectancy between developed and developing countries was 
20 years. One hundred years later, this difference is estimated at 
10 years. The increase in the elderly population in the world is 
associated with a decrease in births and fertility and an increase 
in life expectancy, due to investment in public policies related to 
the quality of life of the elderly [1]. Falls in elderly are common 
and can result in functional incapacity, directly affecting the 
quality of life of these individuals. One of the causes of decline in 
old age is cognitive deficit. Elderly people with impaired cognition 
may have mobility deficits, slow movement, behavioral changes 
and shorter reaction time to imbalances, predisposing them to  

 
falls. In addition, muscle strength, especially in the lower limbs, is 
also impaired with advancing age, with a decrease in recruitment 
and activation of motor units [2-3]. Furthermore, another factor 
of decline in the elderly population is the reduction in joint 
flexibility, resulting in postural deviations. Thus, the mobility 
of the elderly becomes limited, interfering with body sway and 
making it difficult to maintain static balance and safe gait [4-5]. 
Therefore, this study aimed to analyze the relationship between 
the risk of fall, cognitive performance and static posture in aging.

Method

This study was approved by the Feevale University Ethics 
And Research Committee, under the number 3.096.990. The 
present study was characterized as quantitative, descriptive and 
transversal. This research was carried out in the city of Dois Irmãos, 
Rio Grande do Sul, Brazil, in partnership with the Department of 
Health, Social Assistance and Environment and in the city of Novo 
Hamburgo, Rio Grande do Sul, Brazil, in partnership with the 
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Directorate of Digital Inclusion of the Municipal Administration 
Secretariat of Municipality of Novo Hamburgo, Rio Grande do 
Sul, Brazil. The inclusion criteria were 60 years or older, groups 
attending hydrogymnastics, in the city of Dois Irmãos, Rio Grande 
do Sul, Brazil, and informatic program groups for the elderly, in 
the city of Novo Hamburgo, Rio Grande do Sul, Brazil. The elderly 
could not being institutionalized or hospitalized. In addition, 
the subject must have the mental and health conditions to have 
independence and autonomy to participate in the study, and thus, 
sign the Consent Form Free and Informed. Exclusion criteria 
were to present dementia, frailty syndrome, being hospitalized or 
institutionalized.

To analyze the variables of static posture, balance and 
cognitive performance, the following instruments were used:

 Mini Mental State Examination: This is a cognitive screening 
test widely used in the evaluation of the elderly and was developed 
by Folstein, Folstein and McHugh and translated by Bertolucci 
et al. [7] [6,7]. It consists of several questions typically grouped 
into seven categories, each one designed to evaluate specific 
cognitive functions: orientation to time (5 points), orientation to 
place (5 points), recording of three words (3 points), attention 
and calculation (5 points), recall of three words (3 points), 
language (8 points) and visual constructive capacity (1 point). 
The application is fast, ranging from 5 to 10 minutes. The items 
are evaluated by a score ranging from 1 to 5 points, reaching a 
maximum of 30 points. Schooling was pointed out by Bertolucci 
et al. [7] Juva et al. [8] Almeida and Almeida [9] as a determinant 
factor for the evaluation presenting differentiated cut-off points 
according to the number of years of study [7-9]. The cut-off points 
were based on the Brucki et al. criteria [10]. In clinical practice, 
the cut-off point 23 or 24 is the most commonly used, presenting 
high sensitivity and specificity for the detection of cognitive 
damage and dementia. It also identifies the influence of the social 
and economic environment in the studies of [7-11]. According to 
Almeida and Almeida the Mini Mental State Examination scores 
have significant influence of age [9].

 Fall Effectiveness Scale- International: This scale assesses 
the fear of falling. The original scale was developed by Tinetti, 
Richman and Powell in 1990 and was called Fall Efficacy Scale. In 
2005, Yardley et al. developed the Fall Efficacy Scale - International 
version, which had 6 more items. In Brazil, the scale was adapted 
for use in elderly by Camargos et al. [12]. The instrument assesses 
the concern of elderly regarding the possibility of falling when 
performing 16 activities, with scores ranging from one (“not 
worried at all”), to four, (“extremely concerned”), points per 
action. The total of points is obtained by the sum of these values 
and varies between 16 and 64 points. The higher score indicates 
lower self-efficacy index. For the evaluation of the scale, a sum ≥ 
23 is associated with sporadic fall and higher than 31 points with 
a recurrent fall [13-14].

 Berg Balance Scale: The Berg Balance Scale is a validated 
instrument for the functional evaluation of the balance, with 14 
tasks with five items each and scores to 0-4 for each task: 0 - is 
unable to perform the task and 4 - performs the independent task. 
The total score ranges from 0 - 56 points. The lower score means 
higher the risk for falls. Score lower than 45 points indicates 
risk of falling. The Berg Balance Scale, was created in 1992 by 
Katherine Berg, and has been widely used to assess balance in 
individuals aged 60 years or over. This scale was translated and 
adapted to the Portuguese language by Miyamoto et al. [15] in his 
dissertation of master [15]. The test is simple, easy to apply, and 
safe for the evaluation of elderly. It only requires a timer and a 
ruler as equipment and the test execution takes about 15 minutes 
[16-19].

 Postural Assessment Software: Postural Assessment 
Software is a software that allows the import and calibration of 
images, the marking of points on the photograph according to 
the protocol, and the free marking of points to determine linear 
measurements, angular values, distance measurements and body 
angles. Postural Assessment Software is a free program that was 
developed by the University of São Paulo, and its reliability is 
well documented. To carry out the postural assessment in this 
software, the following materials and procedures were used: 
black TNT fabric (2.0 m high by 1.40 m wide) at the bottom of the 
photograph site in order to facilitate the subsequent analysis in 
Postural Assessment Software; plumb line fixed to the TNT fabric 
(two 15mm styrofoam balls) at a distance of 1 meter between 
them, with the aim of later calibrating the image in the software; 
black cardboard mat for positioning the individual at the time of 
photography; digital still camera (Sony Cyber-shot DSC-W690 
16.1mp Digital Camera) with tripod; anatomical markers (8 
15mm styrofoam balls applied to the subject with double-sided 
tape); white chalk to outline the subject’s right and left foot on 
black cardstock. 

To ensure the same support base in the photographs in the 
different views (anterior view, right side view and left side view) 
a black cardboard mat was used, on which the individual is 
positioned freely for the first photograph. The verbal command 
was: “you will stand on this black cardboard in a position that is 
familiar and comfortable for you, position your feet in the way 
that is most comfortable for you”. The camera was positioned 3 
meters away from the individual and at a height of about half of 
their height [20-22].

The anatomical markers were located through the palpatory 
surface anatomy, in the subject’s orthostatic position. The points 
selected follow the Postural Assessment Software protocol. This 
protocol was suggested by the initial program development project 
team and their choice was based on clinical relevance, scientific 
basis, methodological feasibility and applicability. This protocol 
is used as a standard for postural assessment that generates 
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values for the posture database. To assess thoracic kyphosis, an 
anatomical marker was added to the protocol, applied under the 
spinous process of the twelfth thoracic vertebra (T12) [20].

At the time of the photography, the subject’s image was 
framed together with the plumb line. Then, with a white chalk, 
the outline of the individual’s right and left foot was drawn on 
black cardboard. After taking the photo in a particular view, 
the cardboard was rotated through 90 degrees and the subject 
was instructed to position himself on top of the cardboard with 
his feet on the drawing made with chalk. With the photographs 
ready, it was already possible to transfer them to the computer 
and start the evaluation at Postural Assessment Software. After 
installing the program, the images were imported and calibrated 
in the software. This procedure adjusted the vertical direction 
of the image and the transformation of distances in the image in 

pixels to real object distances (measured in meters), as shown in 
the postural assessment report issued by Postural Assessment 
Software [20].

Results

Participated in this research 107 elderly people between 60 
and 89 years old, divided into 2 groups: hydrogymnastics and 
informatics. 

The (Table 1) shows the mean age, sex and education of the 
groups surveyed. Individuals who practiced hydrogymnastics 
showed the highest mean age, 72.96 years. It is observed that the 
majority of the sample was composed of women, corresponding to 
78.5% of the total participants in this study. Regarding education, 
most had incomplete primary education, equivalent to 58.9% of 
the total, followed by complete secondary education (13%).

Table 1:  Mean age of subjects divided into groups and by sex.

 
Informatics  

(n=53)
Hydrogymnastics 

 (n=54)
Total  

(n=107)

Average age (years) 68,87 72,96 70,92

Men 9 (17%) 14 (25,9%) 23 (21,5%)

Women 44 (83%) 40 (74,1%) 84 (78,5%)

Incomplete Elementary School 21 (39,6%) 42 (77,8% 63 (58,9%)

Elementary School Complete 7 (13,2%) 3 (5,6%) 10 (9,3%)

Complete high school 10 (18,9%) 4 (7,4%) 14 (13%)

Complete technical education 5 (9,4%) 2 (3,7%) 7 (6,6%)

Incomplete Higher Education 5 (9,4%) 1 (1,9%) 6 (5,6%)

Complete Higher Education 5 (9,4%) 2 (3,7%) 7 (6,6%)

The (Table 2) reveals that the elderly of this study had 
preserved cognition and, according to the Berg Balance Scale, a low 
risk of falling. However, data obtained from the Fall Effectiveness 
Scale - International indicated a risk of sporadic falls.

The (Table 3) shows the variables that had a significant 
relationship between the groups. Thus, it can be observed that 
the elderly in this study had good cognitive performance, low 
risk of falling and static postural changes within normal limits, 
suggesting that there is a relationship between risk of falling with 
cognitive performance and static posture in aging.

Linear regression analysis was performed using the stepwise 
method, with a significant level ≥ 0.05 using the Berg Balance Scale 
instrument as the dependent variable, which assesses the risk of 

falls. It is present below three tables with the analysis models. The 
(Table 4) shows the analysis with the group of elderly from Novo 
Hamburgo who regularly participate in a informatic program for 
elderly. In (Table 5) it is possible to see the same analysis carried 
out with the Dois Irmãos group that regularly performs water 
aerobics activities and finally in (Table 6) it is showed the same 
analysis carried out with the two groups together.

In the analysis presented in (Table 4), the relationship (sign 
and intensity) between the variable risk of falls assessed by 
the Berg Balance Scale instrument (dependent, explained) was 
verified, directly related to the variable cognitive performance 
assessed by the Mini Mental State Examination and the horizontal 
line between the acromions (independent, explanatory). An 
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indirect relationship of the risk of falls with the self-efficacy of 
falls was also identified, as assessed by the Fall Effectiveness Scale 
- International instrument, vertical line of the head (lateral view, 
distance between the ear lobe and the acromion) and hip angle 
(lateral view, angle between the acromion, trochanter of the femur 
and lateral malleolus). In this model, an R square (R2) of 0.575 
was obtained. This coefficient of determination is a measure of 

the efficiency of the regression equation. It indicates that 57.5% of 
fall risk variations can be explained by variations in fall risk self-
efficacy, cognitive performance and postural assessment results. 
In this group, it is clear that preventing the risk of falls is associated 
with better cognitive performance and a better perception of self-
efficacy in falls, as well as better vertical alignment of the head 
and horizontal alignment of the acromion and a smaller hip angle.

Table 2: Averages of the tests applied in the groups.

Tests
Informatics  

(n=53)
Hydrogymnastics 

 (n=54)
Total 

(n=107)

Mini Mental State Examination 26,70 25,28 25,98

Berg Balance Scale 50,26 52,76 51,50

Fall Effectiveness Scale - International 26,04 28,26 27,16

Table 3: Comparison of static posture, cognitive performance and risk of falls assessment variables between the informatics and hydrogymnastics 
groups.

Variables
Informatics 

 (n=53)
Hydrogymnastics  

(n=54) p

Mini Mental State Examination 26,70 25,28 0,008

Berg Balance Scale 50,26 52,76 0,008

Horizontal alignment of acromions 10,377 21,370 0,049

Vertical alignment of the trunk -68,792 -49,889 0,005

Angle of thoracic kyphosis 32,56 48,22 0,000

Horizontal alignment of the pelvis 0,5472 12,796 0,014

Front angle of the left lower limb 41,170 109,000 0,000

Varus knee -180,434 -253,111 0,000

Table 4: Multiple Linear Regression of the variable risk of falls in elderly people (informatics).

 Non-standardized 
coefficients Standardized Coefficients Collinearity Statistics

Model B Error Beta t Sig. Tolerance VIF

(Constant) 57,418 6,254  9,181 ,000   

Fall Effectiveness Scale - International -,247 ,058 -,424 -4,288 ,000 ,945 1,058

vertical head alignment -,182 ,048 -,401 -3,802 ,000 ,832 1,202

Mini Mental State Examination ,367 ,210 ,183 1,747 ,087 ,843 1,186

Center of Gravity Projection - Asym-
metry  

in the sagittal plane
-,136 ,047 -,298 -2,899 ,006 ,872 1,147

Hip angle -1,969 ,904 -,246 -2,178 ,035 ,727 1,376

Alignment of acromions ,381 ,189 ,199 2,022 ,049 ,957 1,045
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Table 5:  Multiple Linear Regression of the variable risk of falls in elderly people (water gymnastics).

 Non-standardized coef-
ficients Standardized Coefficients Collinearity Statistics

Model B Error Beta t Sig. Tolerance VIF

(Constant) 66,501 2,918  22,792 ,000   

Center of Gravity Projection 
- Asymmetry in the sagittal plane -,074 ,021 -,348 -3,457 ,001 ,940 1,064

Vertical head alignment (acromion) -,097 ,025 -,398 -3,933 ,000 ,931 1,074

Fall Effectiveness Scale - International -,100 ,033 -,303 -3,078 ,003 ,983 1,018

Knee angle -,129 ,040 -,343 -3,248 ,002 ,855 1,169

Mini Mental State Examination -,225 ,105 -,213 -2,147 ,037 ,970 1,031

Angle of acromions and 
ASIS* ,141 ,068 ,217 2,063 ,045 ,858 1,166

*ASIS: Anterior Superior Iliac Spine

Table 6: Multiple Linear Regression of the variable risk of falls in elderly people.

 Non-standardized coefficients Standardized Coefficients Collinearity Statistics

Model B Error Beta t Sig. Tolerance VIF

(Constant) 33,418 7,374  4,532 ,000   

Vertical head alignment -,150 ,030 -,402 ,4,993 ,000 ,957 1,044

Fall Effectiveness Scale - Interna-
tional -,151 ,039 -,309 ,3,908 ,000 ,996 1,004

Angle of thoracic kyphosis ,109 ,031 ,279 3,465 ,001 ,961 1,041

Ankle angle ,256 ,084 ,240 3,045 ,003 ,998 1,002

In the (Table 5) also verified the relationship between the 
variable risk of falls, but now with the group of elderly in the 
municipality of Dois Irmãos, Rio Grande do Sul, Brazil, who 
regularly perform hydrogymnastic activities. It was identified in 
the model that the risk of falls is directly related to the variable 
angle between the two acromions and the two anterior-superior 
iliac spines. An indirect relationship of the risk of falls with self-
efficacy of falls, cognitive performance, vertical head alignment 
(lateral view, distance between ear lobe and acromion) and knee 
angle (lateral view, angle between the femoral trochanter, knee 
joint line and lateral malleolus). 

In this model, an R square (R2) of 0.553 was obtained. This 
coefficient of determination is a measure of the efficiency of the 
regression equation. It indicates that 55.3% of the variations in 
the risk of falls can be explained by variations in the self-efficacy 
of risk of falls, by cognitive performance and by the results of the 
postural assessment. In this group, it is clear that preventing the 
risk of falls is associated with a decrease in cognitive performance 
and an increase in the perception of self-efficacy, as well as a 

better vertical alignment of the head and an increase in the angle 
between the two acromions and the two anterior superior iliac 
spines and a lower knee angle.

In the (Table 6) also verified the relationship between the 
variable risk of falls, but now with the two groups, hydrogymnastics 
and informatic. It was identified in the model that the risk of falls 
is directly related to the variable thoracic kyphosis angle and 
ankle angle (lateral view, angle formed between the knee joint line 
and the ankle with the horizontal line). An indirect relationship 
of the risk of falls with the self-efficacy of falls and vertical head 
alignment (side view, distance between the ear lobe and the 
acromion) was also identified. In this model, an R square (R2) of 
0.367 was obtained. This coefficient of determination is a measure 
of the efficiency of the regression equation. It indicates that 36.7% 
of the variations in the risk of falls can be explained by variations 
in the self-efficacy of fall risk and by the results of the postural 
assessment. In this evaluation, observed that the elderly maintain 
a successful aging profile due to both physical and cognitive 
activities and social involvement and it is clear that preventing the 
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risk of falls is associated with an increase in the perception of self-
efficacy of falls, as well as a better vertical alignment of the head 
and increased angle of thoracic kyphosis and ankle angle.

Discussion

Cognitive deficit increases the risk of falls in the elderly. Studies 
show that 65.5% of falls in individuals aged 60 years and over are 
associated with a decline in cognition. In a research conducted 
with non-institutionalized elderly people with Alzheimer’s 
disease and cognitively preserved elderly, it was observed that 
those with Alzheimer’s disease had 36% probability of falling, 
while for the other subjects, the chance of falling was 11%. Similar 
results were found by Cruz et al. [3], in which of the 412 elderly 
non-institutionalized, 42% of them had impaired cognition and a 
history of falls. Similar findings were found by Valcarenghi et al. 
[23] in their study carried out with 25 institutionalized elderly. 
Of these, 20 showed cognitive impairment and only 10 elderly 
people reported a history of falls. The results found in the study by 
Ferraresi et al. [24] corroborate with the anterior studies. In this 
research made with 172 non-institutionalized elderly, which 117 
were women and 55 were men, the average of the Mini Mental 
State Examination was 26.4 for women and 27 for men. These 
data show that there is no decline in cognition in this sample. In 
that same study, the Berg Balance Scale was also applied, with 
an average of 51.5 for both sexes, suggesting that there is no risk 
of falls in this population. These findings suggest that there is a 
relationship between cognition and falls, that is, the lower the 
cognitive impairment, the lower the risk of falls [3-4, 23].

Falls in elderly with cognitive impairment can be explained by 
declines in specific cognitive domains, such as executive function, 
attention and memory. Motor and sensory systems are linked 
by higher-order neurological processes related to cognition, 
which are called for motor planning, dual-task attention, and 
responses to environmental circumstances [3]. Furthermore, 
according to Borges et al. [13], 51.9% of the elderly report fear 
of falling, reducing the self-efficacy in relation to falls. Low self-
efficacy makes the individual focus on the goals that the person 
assign, making the person to avoid situations that they consider 
threatening. Thus, the elderly person limits the development of 
skills, resulting in a basis for building fear, in addition to being 
more susceptible to sedentary lifestyles and social isolation.

There is no consensus on the etiology of fear of falling 
in the elderly, however, it is known that physical, behavioral, 
environmental and functional factors are involved. Previously, 
it was claimed that the fear of falling was related to the history 
of falls, however, studies show that the fear of falling is present 
even in individuals who have never fallen, as shown in the study 
by Cruz, Duque et al. [14], in which, of the 314 elderly participants 
in the study, 207 (65.9%) did not report falls and of these, 196 
(94.7%) were afraid of falling.

In a research carried out with 49 elderly women, the mean of 
the Fall Effectiveness Scale - International was 33.51, indicating 
a recurrent fall. Contrary results were found by Silva et al. [25], 
in which the mean Fall Effectiveness Scale - International was 
25.9, indicating a sporadic fall. Other interesting data from this 
research is that individuals aged 60 years or more had an average 
of 27.1 on the Mini Mental State Examination and 53.7 on Berg 
Balance Scale. These findings indicate that these elderly people 
showed good cognitive performance and low risk of falls, however, 
these individuals did not present satisfactory self-efficacy for falls, 
which is in agreement with the results found in this study [13].

Over the years, there is a reduction in the elasticity of the 
tissues that cover the joints, resulting in limited movement and 
postural deviations. The most commonly affected joints are the 
spine, hips and knees, and it can be the main cause of discomfort, 
pain and functional disability in the elderly population [5, 
26]. Among the most common postural changes there is a 
hyperkyphosis toracic. The angle of thoracic kyphosis can vary 
between 20° and 40° in the general population, however, in the 
elderly, angles of up to 56° are considered normal. Increased 
thoracic curvature in individuals aged 60 years or more is also 
associated with osteoporosis, since this pathology modifies the 
shape and composition of bones, especially the vertebrae. The 
muscles, on the other hand, are affected by sarcopenia, resulting 
in a decrease in the capacity to generate strength and flexibility. 

In addition, the elderly may present increased body fat 
and abdominal and waist circumferences, causing the body 
to reorganize to ensure orthostatic balance. In fact, thoracic 
hyperkyphosis can also reduce chest expansion, resulting in 
respiratory deficit. In the study by Tavares et al. [27], 82.5% of 
the elderly had shoulder protrusion. This fact may result from 
the increased thoracic kyphosis resulting in the retraction of the 
pectoralis major and minor, serratus anterior and intercostal 
muscles. The increase in thoracic curvature, as well as the cervical 
anteriorization, point to weakness of the spinal extensor muscles 
and shortening of the anterior musculature in this region, causing 
the center of gravity to move forward, thus modifying the imposed 
direction of body weight on the vertebrae and intervertebral discs, 
facilitating loss of balance and favoring the elderly to fall [4-5, 26, 
28].

Conclusion

At the end of this study, it was concluded that the evaluated 
subjects have a low risk of falling, satisfactory cognitive 
performance and postural changes within normal limits. 
However, the elderly interviewed showed reduced self-efficacy 
for falls. Among the variables studied, a significant relationship 
was observed between cognition, risk of falling and static posture. 
Thus, the angle of thoracic kyphosis, frontal angle of the left lower 
limb and knee varus stood out, with the highest level of significance 
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(P=0.000). In the linear regression of the two groups, a significant 
relationship was observed between the risk of falls variables with 
the self-efficacy of falls, the vertical head alignment, the thoracic 
kyphosis angle and the ankle angle. That is, a better perception 
of self-efficacy and vertical head alignment indicates lower the 
risk of falls. The higher angle of the thoracic kyphosis and the 
angle of the ankle, the higher is the risk of falls. Stands out that 
cognition is present in the groups, when studied separately, but 
when analyzed together this variable does not appear. Different 
from the self-efficacy that is present in all analyses. Therefore, it 
is suggested that cognition is not as relevant as self-efficacy for 
the risk of falls in the evaluated groups. Therefore, based on the 
findings of the present study, it is possible to develop prevention 
of falls in the elderly.
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