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H I G H L I G H T S

� Aging process increases postural oscillations, worsening the postural balance.

� Poor postural balance is more evident in the elderly over 80-years old.

� Deterioration of the postural control systems and the increased risk of falls.

� Important identify factors related to falls and postural balance.

A R T I C L E I N F O A B S T R A C T

Context: Aging causes a progressive worsening in postural balance, affecting functional independence and increas-

ing the risk of falls.

Objective: The aim of the study was to evaluate the effect of aging on the static balance in women from 50-years

to 89-years of age.

Design: This was a cross-sectional study, with 400 irregularly active women were evaluated and grouped by age:

Group 6th decade (age 50 to 59) ‒ 58 participants; Group 7th decade (age 60 to 69) ‒ 214 participants;

Group 8th decade (age 70 to 79) ‒ 92 participants; Group 9th decade (age 80 to 89) ‒ 36 participants. Postural bal-

ance was evaluated using a portable force platform in a standard standing position, with Eyes Open (EO) and

Eyes Closed (EC).

Results: In the two measurement conditions, the elderly women in Group 9th decade presented mediolateral dis-

placement and range, and mean velocity greater than the women’s values in Groups 6th and 7th decade. In the EO

e EC situation, the displacement was higher in the elderly Group 9th decade compared to younger groups.

Group 8th has a mean velocity greater than Group 6th decade in the EO situation.

Conclusions: Posturography showed a decline in postural balance with advancing age, suggesting that

the 9th decade of life is a borderline age to this detriment due to an increase in postural instability.

Keyword:

Accidental falls

Aging

Postural balance

Stabilometric parameters

Introduction

Aging does not necessarily mean disability; however, it increases the

risk of injury, especially those resulting from falls. Falling is defined as

an unexpected and abrupt event, which is often due to the loss of

balance and the postural control failure mechanisms.1

Cox et al.2 report that 9.7% of emergency hospitals visits are due to

falls. Falls in the elderly accounted for 32.6% of domestic accidents, and

they are associated with a deficiency of postural balance.2 Falls are the

common cause of major disability in the elderly. Secondary consequen-

ces include traumatic brain injuries, fractures, and chronic disease as

strokes.3
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Women are more vulnerable to falls because they have a decline in

bone mass is 0.5% per year after the age of 40, and is more accentuated,

around 3% per year, after menopause, caused by the end of estrogen pro-

duction by the ovaries, combined with muscle weakness and decreased

amplitude of movement in lower limbs, capable of causing stumbling

and loss of postural balance. Insufficiency or deficiency of vitamin D can

be associated with muscle hypotrophy and may increase the risk of

falls.4

Postural balance is the capacity of maintaining the center of gravity

within the base of support, which is important for the efficient and safe

execution of the Activities of the Daily Living (ADL).5,6 The preservation

of balance contributes to the functional independence of the elderly peo-

ple and to prevention of falls helping to maintain the functional

capacity.7,8

Age-related declines influence postural control mechanisms related

to stability and function. Stability is related to physiological and bio-

mechanical changes such as sarcopenia, resulting in reduced strength,

loss of flexibility, mobility and, consequently, worsening of postural bal-

ance. On the other hand, the decline in function related to age and body

morphology changes necessitate the use of different muscular combina-

tions in support of postural goals; these self-organizing coordinative syn-

ergies provide optimized combinations of muscle activation to help

maintain postural balance during the life.9

Furthermore, visual impairments and decline in somatosensory inte-

gration exacerbate postural stability,8 and the postural balance8 is aggra-

vated by worsening of the visual and somatosensory system integration,

which can increase the risk of falls in the elderly.8,10,11

Postural control in the human body is controlled by neuromuscular

responses, which are essential in maintaining postural balance. These

responses come from the nervous, sensorial, and motor systems.12 The

adaptive responses in the elderly are slower, which causes greater pos-

tural oscillations and, consequently, a greater number of falls, given to

these intrinsic factors.5 There is a decreased ability to adapt to an exter-

nal stimulus, which leads to progressive loss of physical performance

and greater vulnerability.13-15

Posturography (static postural balance evaluation) is being used as a

tool to quantify this decline throughout life, and it can be helpful in the

creation and implementation of fall prevention programs.7,12,16,17

Adaptive mechanisms become less efficient over the years, and in

this study it was verified that the aging process increases the postural

oscillations, with the consequent worsening of postural balance.

The aim of the study was to evaluate the effect of aging on the static

balance in women from 50-years to 89-years of age.

Methods

Study location and ethical issues

This was a cross-sectional study performed at the Motion Study Labo-

ratory of the Institute of Orthopedics and Traumatology, Hospital das

Clinics, Faculty of Medicine, University of S~ao Paulo. All participants

gave their written informed consent to participate in this study, which

was approved by the Ethics Committee at the Faculty of Medicine, Uni-

versity of S~ao Paulo (registration number 320/09).

Participants

This is a convenience sample size of 400 women. The inclusion crite-

ria for this study were: a) Women aged 50 and over, b) Participant report

of absence of vestibular, proprioceptive, auditory, or neurological

impairment, and/or any mental disturbances or disorders; c) Participant

report of no use of medications that might compromise postural balance;

d) Participant report of absence of lesions, surgery, or disease that might

have caused lower-limb joint limitations over the previous six months;

e) Assessed absence of lower-limb dysmetria; and f) Assessed clinically

normal gait, without claudication; g) Assessed by a validated quiz of

physical activity, only include the participants with irregularly active:

women who engage in physical activities less than 150 minutes per

week; Participants were excluded if there was a presence of pain or

inability to complete any of the tests.

Assessments

Older adults were evaluated and screened in the Motion Study Labo-

ratory of the Institute of Orthopedics and Traumatology, Hospital das

Clinics, University of S~ao Paulo School of Medicine.

All the research participants answered a questionnaire with demo-

graphic and anthropometric data prior to the assessment.

The postural balance assessment (posturography) was performed on

a portable force platform (AccuSway Plus, AMTI®, MA, USA). For data

acquisition, the force platform was connected to a signal-amplifying

interface box (AMTI Accus gait PJB 101, Watertown, MA) that was

linked to a computer by means of an RS-232 cable. The data were gath-

ered and stored using Balance Clinic® software, configured to a fre-

quency of 100 Hz with a fourth-order Butterworth filter and a cutoff

frequency of 10 Hz. All subjects underwent the test with standardized

positioning in relation to the maximum width of the support base

(smaller than hip-width), with arms along the body and the head looking

straight at a target. The base of support was drawn on a paper on a fixed

position on the force platform, corresponding to the anatomical points

of the distal hallux phalanx, fifth metatarsal head, lateral and medial

malleolus for each foot. Three measurements were made with Eyes

Table 2

Static balance with eyes open and closed by age group (decade).

Group 6th Group 7th Group 8th Group 9th

50‒59 years 60‒69 years 70‒79 years 80‒89 years

(n = 58) (n = 214) (n = 92) (n = 36)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Eyes open

Medio-lateral dis-

placement (cm)

0.24 (±0.10) 0.26 (±0.12) 0.29 (±0.15) 0.33 (±0.11)

Anteroposterior dis-

placement (cm)

0.41 (±0.12) 0.43 (±0.18) 0.44 (±0.18) 0.46 (±0.15)

Range medio-lateral

(cm)

1.24 (±0.37) 1.39 (±0.71) 1.55 (±0.81) 1.83 (±0.69)

Antero-posterior

range (cm)

2.09 (±0.51) 2.29 (±0.94) 2.40 (±1.03) 2.61 (±0.80)

Mean velocity (cm/s) 0.87 (±0.28) 0.94 (±0.30) 1.06 (±0.61) 1.22 (±0.55)

Area 95% (cm²) 1.89 (±1.11) 2.06 (±1.47) 2.41 (±1.77) 2.90 (±2.00)

Eyes closed

Medio-lateral dis-

placement (cm)

0.25 (±0.99) 0.26 (±0.12) 0.28 (±0.15) 0.35 (±0.14)

Anteroposterior dis-

placement (cm)

0.44 (±0.14) 0.48 (±0.26) 0.46 (±0.18) 0.49 (±0.18)

Medio-lateral range

(cm)

1.39 (±0.64) 1.53 (±0.82) 1.66 (±1.10) 1.86 (±0.81)

Range anteroposte-

rior (cm)

2.48 (±0.77) 2.85 (±1.03) 2.82 (±1.10) 2.80 (±1.10)

Mean velocity (cm/s) 1.04 (±0.34) 1.19 (±0.43) 1.27 (±0.59) 1.44 (±0.62)

Area 95% (cm²) 2.16 (±1.62) 2.42 (±1.69) 2.37 (±1.76) 3.10 (±2.17)

Table 1

Anthropometrics characteristics by age groups (decade).

Group 6th Group 7th Group 8th Group 9th

50‒59 years 60‒69 years 70‒79 years 80‒89 years

(n = 58) (n = 214) (n = 92) (n = 36)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 56.8 (±2.3) 63.8 (±2.7) 73.9 (±2.5) 82.6 (±2.2)

Body weight (kg) 64.2 (±10.3) 69.1 (±14.0) 69.1 (±13.0) 65.4 (±16.0)

Height (m) 154 (±0.0) 155 (±0.0) 155 (±0.0) 154 (±0.0)

BMI (kg/m2) 27.0 (±4.2) 28.3 (±4.9) 28.5 (±4.5) 27.0 (±5.4)

Anova test and Bonferroni pos hoc.

p-value ≤ 0.05.
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Open (EO) and three with Eyes Closed (EC) for 60 seconds each, without

any randomization. The arithmetic mean of the results was calculated

from the three tests conducted under each condition and was processed

using Balance Clinic® software. The parameters used to measure the

subject’s stability with eyes open and closed were the root mean square

of the displacement from the COP in the medio-lateral and antero-poste-

rior directions; maximum range displacement of the COP (sum of the

maximum and minimum displacement/amplitude) antero-posterior and

medio-lateral directions; mean velocity calculated from the total dis-

placement of the COP in all directions; area of 95% from an ellipse of the

total COP displacement.18,19

Statistical analysis

Data were analyzed in the GraphPad PRISM software (GraphPad

Software, Inc.) presented by mean and standard deviation. The data dis-

tribution was evaluated by the Kolmogorov Smirnov test, followed by

the single-factor ANOVA test with Bonferroni Post Hoc. The significance

level adopted was p≤0.05 for all statistical analyses.

Results

The 400 women were grouped by age: Group 6th decade

(age 50 to 59) ‒ 58 participants; Group 7th decade (age 60 to 69) ‒

214 participants; Group 8th decade (age 70 to 79) ‒ 92 participants;

Group 9th decade (age 80 to 89) ‒ 36 participants.

There was no difference in anthropometric characteristics (body

weight, height, and body mass index) between the groups (Table 1).

All posturography variables are related to the displacement of the

Center of Pressure (COP) in the antero-posterior and medio-lateral direc-

tions. The values of the postural instability assessment using the force

platform are shown in Table 2.

Eyes open condition

The medio-lateral displacement of the COP of Group 9th decade was

higher compared to Groups 6th (p = 0.009) and 7th (p = 0.01) decade.

The medio-lateral range of the COP of Group 9th decade was higher

compared to Groups 6th (p = 0.001) and 7th (p = 0.003). The

Group 8th decade was higher compared to Group 6th (p = 0.05) decade.

Fig. 1. Comparison of postural balance with eyes open between

age groups. (A) Latero-lateral COP displacement; (B) Antero-poste-

rior COP displacement; (C) Mean velocity calculated from the total

displacement of the COP in all directions; (D) Range: sum of the

maximum and minimum displacement of the COP in latero-lateral

direction; (E) Range: sum of the maximum and minimum displace-

ment of the COP in anteroposterior direction; (F) Area of 95% from

an ellipse of the total COP displacement. * p-value ≤0.05 ANOVA

with Bonferroni Correction (Pos hoc).

3
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The antero-posterior range displacement of the COP of

Group 9th decade was higher when compared to Groups 6th decade

(p = 0.04).

Regarding the displacement velocity of the COP, Group 9th decade

showed higher values compared to Groups 6th (p = 0.001) and 7th

(p = 0.002). Also, a significant difference in displacement velocity of the

COP was also founded between Group 8th and Group 6th decade (p = 0.05).

There was no difference between age groups in a mean of 95% area

of the ellipse displacement of COP and anteroposterior displacement of

the COP (Fig. 1).

Eyes closed condition

The medio-lateral displacement of the COP in Group 9th decade was

higher compared to 6th (p = 0.003) and 7th (p = 0.006) decades groups.

Also, in the range, medio-lateral displacement of the COP of

Group 9th decade was higher when compared to 6th (p = 0.030) decades

groups.

There was no difference between age groups in antero-posterior dis-

placement and range, medio-lateral range of the COP, displacement

velocity of the COP, and a mean of 95% area of the ellipse displacement

of COP. Group 8th decades group did not present any difference between

the other decades groups in all postural balance variables, seen in Fig. 2.

Discussion

In this study, it was verified that the aging process increases the pos-

tural oscillations, with the consequent worsening of postural balance.

Variances between the groups are most evident in the elderly over 80-

years old due to greater deterioration of the postural control systems

Fig. 2. Postural balance comparison between age group with eyes closed. (A) Latero-lateral COP displacement; (B) Anteroposterior COP displacement; (C) Mean veloc-

ity calculated from the total displacement of the COP in all directions; (D) Range: sum of the maximum and minimum displacement of the COP in latero-lateral direc-

tion; (E) Range: sum of the maximum and minimum displacement of the COP in anteroposterior direction; (F) Area of 95% from an ellipse of the total COP

displacement. * p-value ≤0.05 ANOVA with Bonferroni Correction (Pos-hoc).
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and the increased risk of falls. Hartholt et al.20 reports an increase in the

number of deaths of Dutch people aged 80 and over due to falls: 391

in 2000 and 2.501 in 2016. The overall mortality rate

per 100.000 population increased from 78.1 (95% CI 70.4‒85.9)

in 2000 to 334.0 (95% CI 320.9‒347.1) in 2016. The increase in the

elderly population aged 80-years and over shows that identifying the

factors related to falls should be taken into account in setting priorities,

and the decline of postural balance may be the most important factor.

Significant postural balance losses were seen from the 9th decade of

life (when compared to 6th and 7th decades’ groups. The deterioration

was observed in both evaluation conditions − eyes open and closed, and

in all variables. Worsening of the postural balance is progressive and

slow because the humans adapt themselves to the alterations of the

senescence and try to maintain the correct postural responses to the

physical and environmental demands. However, from the 9th decade,

the organism can no longer maintain and activate the compensatory

mechanisms, and the deficiencies are more evident, making it an aggra-

vating circumstance of domestic falls, which are usually associated with

changing positions, and engaging in tasks of daily living. Garcia et al.,21

in 2006 reported a 50% increase in falls among the elderly with 80-years

or more when compared to the age group of 65 to 79 years. No studies

showed the decline of postural balance comparing decades, however,

some studies suggest a strong association between age and postural bal-

ance decrease.22-24

With eyes open, many variables of displacement and velocity

were greater in 9th−decade group compared to younger groups (6th

and 7th decades groups). With eyes closed, only medio-lateral dis-

placement and range were greater in 9th decade group compared

to 6th and 7th decades, which were the youngest groups. Possibly,

the differences seen in the evaluations with eyes closed occurred

due to the fact that this condition was more challenging, by with-

drawing visual control and medio-lateral sway is predictive of falls

among elderly people.25 Occlusion of vision may make possible defi-

ciencies in other balance control systems more evident, such as ves-

tibular and sensorimotor systems. It was observed that the mean

and standard deviation were higher in all groups in the EC evalua-

tion when compared to EO.

Another possible explanation for the antero-posterior postural bal-

ance preservation are strategies used by the body to maintain stability.

The control of antero-posterior balance is controlled by muscular

responses that occur from distal to proximal strategies and initiate from

the ankles to the trunk.18 Strategies for maintaining medio-lateral stabil-

ity occur mainly at the hip and trunk, and less occurs at the ankle joint.18

The main medio-lateral movement of the body is a lateral movement

from the pelvis with adduction of one leg and abduction of the other

one. The movement from the ankle is only used in narrow places, which

prevents the hip from moving. In the medio-lateral slope, the load dis-

placed to one side is also assumed by the other. The hip abductors (glu-

teus medius and tensor fascia latae) and hip adductors are activated in

both lower extremities, well before the ankle muscles. When assessing

subjects with eyes open, Group 9th decade showed greater oscillation in

many the measured variables. With the occlusion of vision, the oscilla-

tions increased, but the differences between 9th decade group in medio-

lateral discpalecement and the range to 6th and 7th decade groups

remained the same. Tomomitsu et al.,26 reported that with the occlusion

of vision, there is a greater demand for the adjustment of the sensorimo-

tor system in order to maintain the balance, even in stable semi-static

and non-challenging situations.

Melzer et al.27 have shown that increased COP displacement in the

medio-lateral plane is associated with recurrent falls. The eyes closed

condition seems to be considered the best predictor for recurrent

falls.28,29

The multifactorial aspects of balance and the use of static posturogra-

phy appear to be the limiting factors in this study. However, the postur-

ography has been shown to be a good tool to identify decline in balance

as people age, data were consistent with Fujita et al.22

Balance maintenance is an acquired motor skill that improves with

fitness throughout life. Maintenance of postural control can be learned

by individuals, however, the adaptive mechanisms become less efficient

over the years, particularly after the age of 80. The projected increase of

population aging is accelerated, and it will bring many elderly people

over 80-years. Fall prevention programs with strategies to improve pos-

tural stability and balance will be essential to maintain the functional

capacity and quality of life of that population.

Posturography showed a decline in postural balance with advancing

age, suggesting that the 9th decade of life is a borderline age to this detri-

ment due to an increase in postural instability.
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