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Introduction 

One of the main factors that limit the life of the elderly 
is imbalance (1).

The evaluation of body balance involves tests that 
provide information about the ability of an individual 
to maintain postural stability. One of these tests is 
computerized dynamic posturography (CDP), which 
evaluates the oscillation of the body by recording the 
pressure exerted by the feet on a force platform and 
permits an analysis of postural reactions secondary to 
displacement of the center of body mass (2, 3). 

One of the aspects studied in CDP is the impairment 
of balance with advancing age. Several authors have 
studied the balance of healthy elderly people using CDP 
(4, 5). In this respect, most scientific studies indicate that 

age affects the mechanisms of postural adjustment. 
We did not detect references dealing with CDP in 

obese elderly subjects in the literature. Since research 
about obesity in the elderly is still insufficient and this 
is a disease with an unfavorable impact on health and 
quality of life, and considering the comorbidity usually 
associated with it and the fact that CDP evaluates 
quantitatively the main system involved in body balance, 
the objective of the present study was to assess and 
compare the balance of obese and non-obese elderly 
women with no vestibular symptoms using CDP.

Methods

This was a prospective clinical trial with convenience 
sampling conducted on 50 volunteer elderly women aged 
60 to 89 years, with no otoneurologic symptoms, who 
were attended at the otorhinolaryngology outpatient 
clinic of the University Hospital 

The study was approved by the Ethics Committee 
of the University Hospital, protocol  nº. 4915/2008. All 
patients gave written consent for participation.

The nutritional classification of the subjects was based 
on the BMI (kg/m2). Regarding the criterion for the 
nutritional diagnosis for the determination of obesity 
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Abstract: Background: One of the main factors that currently limit the life of the elderly is the imbalance. Computed dynamic 
posturography, assesses the oscillation of the body by recording the pressure exerted by the feet on the force platform, and allows 
analyzing the postural reactions secondary to the shift of body weight. Objectives: Evaluate and compare the balance of obese and 
non-obese elderly women without vestibular symptoms by computed dynamic posturography. Design: prospective trial. Setting: 
data collected in a university hospital. Participants: 50 elderly females divided into 2 groups according to body mass index (BMI), 
between 18.5 and 24.9 kg/m2 for the non-obese group and greater than 30 kg/m2 for the obese group. Intervention: the participants 
were submitted to the Synapsys Static & Dynamic Posturography® test. Measurements: Sensory Organization Test calculates the 
average proprioceptive, visual and vestibular functions. Data were analyzed statistically by the Fisher exact test. Results: significant 
differences were observed between the obese and non-obese subjects regarding: maximum amplitude of the anteroposterior 
displacement of the patient with eyes open and closed, length and surface area used by the patient with eyes open, energy 
spent with eyes open and closed, proprioceptive activity in the anteroposterior direction, and vestibular activity in the lateral 
direction. There were a higher percentage of changes in the anteroposterior tests compared to the lateral tests in the obese subjects. 
Conclusion: The obesity interferes with the body balance in elderly women, especially in situations that require postural control in 
the AP direction, proprioceptive cues in the AP direction and vestibular cues in the LAT direction.
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based on the BMI, few specific body weight standards for 
the elderly are available. In the present study, we opted 
to characterize the BMI according to the criteria of the 
WHO (6): low weight (BMI<18.5 kg/m2), normal weight 
(BMI 18.5-24.9 kg/m2), overweight (BMI>25 kg/m2), and 
obesity (BMI>30 kg/m2). 

The subjects were divided into two groups according 
to the following inclusion criteria:

Group 1 (25 obese elderly women)
* Over 60 years of age, with no associated disease (if 

associated diseases were present, they should be 
controlled and under specific treatment), giving 
written informed consente, absence of otoneurological 
symptoms, BMI of more than 30 kg/m2.

Group 2 (25 non-obese elderly women)
* Same criteria as for group 1, except a BMI of 18.5 to 

29.9 kg/m2.
Exclusion criteria were:

* Patients with difficulty of intelligibility that would 
impair the execution of the exam, patients with a 
BMI of 25 to 29.9 kg/m2 and lower than 18.5 kg/m2, 
Neurological and neoplastic diseases, patients with 
visual disorders with no appropriate clinical correction 
(use of corrective lenses on the occasion of the test), 
Musculoskeletal, orthopedic and psychoemotional 
changes that would prevent a proper execution of 
the exam, use of medications acting on the peripheral 
vestibular system, alcohol intake up to 24 hours before 
the exam, professionally performed daily physical 
activity.

All selected patients were then submitted to the CDP 
exam on a Synapsys Static and Dynamic Posturography® 
platform (Synapsys, Marseille, France) (7).                       

Before positioning the patient on the platform, the 
examiner inserted a new card with the anthropometric 
data of the patient such as age, gender, weight and height 
and the results obtained were compared to the normal 
parameters standardized by the French Association 
of Posturology (AFP) (7), with each variable being 
considered individually. 

During the test the patients were instructed to remain 
in the standing position on the force platform, keeping 
their arms loose along the body and their feet slightly 
apart and unmoving, in the specific position determined 
on the platform according to shoes size, and keeping their 
gaze frontally directed at the horizon. If the patient felt 
the risk of falling, she was instructed to hold the support 
bars surrounding the equipment. A second examiner 
remained behind the patient throughout the test in case 
she would need support during the exam and in order 
to prevent accidents. All exams were performed by the 
same investigator, who gave standardized commands 
throughout the test. 

The goal of the exam in each condition was the 

maintenance of balance. The patient was instructed to 
remain unmoving on the platform even when the latter 
moved. The quantitation of the results obtained ranged 
from 100% (no displacement recorded by the sensors of 
the platform) to 0%, which corresponded to a fall in any 
direction. Based on the data obtained, the instrument 
can calculate the mean of each condition and provides an 
index of proprioceptive, visual and vestibular function.

The exam was based on the following protocol: 1 – 
Test of the limit of stability, 2 – Tests of static balance, 
3 – Translational tests, 4 – Sinusoidal tests, 5 – Dynamic 
balance test. After all data (static and dynamic) were 
obtained, the software calculated the three histograms 
that represent visual, vestibular and proprioceptive 
activity and under anteroposterior, posterior and lateral 
conditions in the Sensory Organization Test (SOT). The 
normal parameters standardized by the APF for adult 
and elderly subjects in the tests described here are listed 
in Synapsys Static & Dynamic Posturography® Manual 
version 2.7. 2006. Marseille-France (7).

The characterization of the study population was made 
by means of descriptive data analysis. To correlate the 
variables studied, the data were analyzed using this for 
the Fisher exact test (8). The significance level was set at 
p <0.05.

Results

Mean age (+ SD) was 69.92 ± 6.31 years for the non-
obese elderly women, 68.32 ± 7.48 years for the obese 
women, and 69.12 ±138.24 for the total sample. The 
groups of obese and non-obese elderly women were 
homogeneous in terms of age (p = 0.59).  The two groups 
were also homogeneous regarding the practice of 
physical activity and the presence of associated diseases 
(p = 0.09 and p = 0.74, respectively).

In view of the wide numerical variability of the results, 
the data show the absolute and relative frequencies and 
the Fisher exact test for each parameter evaluated in the 
two groups.

The data regarding the anteroposterior displacement of 
the patients with eyes open (AP EO) and with eyes closed 
(AP EC) were not considered to be statistically significant; 
however, the AP EO test showed altered results in 60% of 
the obese patients and in 32% of the non-obese patients 
and the AP EC test showed altered results in 64% of the 
obese patients and in 40% of the non-obese patients. 

The data regarding the maximum anteroposterior 
displacement amplitude of the patients with eyes open 
(AP AMP EO) and with eyes closed (AP AMP EC) for the 
obese and non-obese groups were statistically significant 
in both analyses (p < 0.01). 84% of the obese patients and 
40% of non-obese patients showed altered results in the 
AP AMP EO and AP AMP EC test. 

The data regarding lateral displacement of the patients 
with eyes open (LAT EO) and with eyes closed (LAT EC) 
for the obese and non-obese groups were not statistically 
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significant; however, 36% of the obese patients and 12% 
of non-obese patients showed altered results in the LAT 
EO test. In the LAT EC test, 20% of the obese patients and 
16% of the non-obese patients showed altered results. 

No statistically significant results were obtained 
regarding the maximum amplitude of  lateral 
displacement of the patient with eyes open (LAT AMP 
EO) or closed (LAT AMP EC). 

Regarding the LAT AMP EO parameter, the exams 
were altered in 24% of the patients in the obese group 
and in 44% of the non-obese group. Regarding the LAT 
AMP EC parameter, the percentage of altered exams was 
32% in both the obese and non-obese groups.

The results of the length parameter used by the patient 
with eyes open (LSKG EO)  and eyes closed (LSKG EC) 
were not significant for LSKG EO, with altered data 
observed in 56% of cases in the non-obese group and in 
80% of cases in the obese group. In contrast, a significant 
difference was observed between groups regarding LSKG 
EC (p < 0.01), with altered data observed in 44% of cases 
in the non-obese group and in 84% of cases in the obese 
group. 

Regarding the area used by the patient with eyes open 
(SSKG EO) and eyes closed (SSKG EC), the SSKG EO 
parameter did not differ significantly, with altered results 
being obtained in 80% of the non-obese group and in 
92% of the obese group. In contrast, the results of SSKG 
EC differed significantly between groups, with altered 
results being obtained in 44% of the non-obese group and 
in 76% of the obese group (p < 0.05).

Regarding the energy expended with eyes open (LFS 
EO) and eyes closed (LFS EC), with both tests showing a 
significant difference (LFS EO p < 0.01; LFS EC p < 0.05). 
LFS EO with altered results being obtained in 20% of the 
non-obese group and in 64% of the obese group; LFS EC 
with altered results being obtained in 24% of the non-
obese group and in 56% of the obese group.

The percentages of altered exams for the two groups 
regarding the sensory organization that represent 
proprioceptive, visual and vestibular activity in the 
anteroposterior and lateral position. The results of the 
anteroposterior proprioceptive activity (p < 0.01) and the 
lateral vestibular activity (p < 0.05) were significant.

The percentages of altered exams for the study groups 
regarding sensory organization, which represents the 
proprioceptive activity in the anteroposterior position 
(altered - obese 68%, non obese 20%, p < 0.01) and the 
proprioceptive activity in the lateral position (altered - 
obese 16%, non obese 16%, p = 0.99), visual activity in the 
anteroposterior position (altered - obese 36%, non obese 
28%, p = 0.76) and visual activity in the lateral position 
(altered - obese 24%, non obese 4%, p = 0.10), vestibular 
activity in the anteroposterior position (altered - obese 
44%, non obese 36%, p = 0.77), and vestibular activity in 
the lateral position (altered - obese 36%, non obese 8%, p 
= 0.04).

Discussion

Studies regarding obesity and its consequences for the 
population are available in the literature. Some of them 
have shown the postural and/or osteoarticular changes 
related to obesity but do not fully clarify the significance 
of the increase in body mass regarding such changes 
compared to the non-obese population. Conversely, 
there is an extensive literature regarding cardiovascular 
diseases, metabolic changes and respiratory diseases 
originating from obesity. Thus, the initial hypothesis of 
the present study was that obese elderly women might 
show greater difficulties and changes in the results of 
CDP compared to non-obese elderly women.  

Elderly women were selected for the present study 
because they have a higher prevalence of obesity than 
men (9). 

We did not detect studies in the literature with 
patient series and methods similar to ours. The studies 
conducted over the last few years have adopted different 
instruments and methodologies and no study had 
been conducted thus far on the obese population. We 
opted to discuss the results according to the order of the 
conditions of the evaluations used in CDP Synapsys.

Obesity had a negative influence on the AP AMP EO 
and EC tests regardless of whether the patients had their 
eyes open or closed. This permits us also to suggest that 
obese elderly women need to increase their amplitude 
of anteroposterior movement in order to maintain their 
body balance.

Several studies have shown that postural control is 
reduced with age. As an example, Manfio et al. (10) 
detected greater excursion of the pressure center in the 
elderly group than in adult individuals.

Ghulyan et al. (11) conducted a study in order to 
differentiate groups of healthy young people, healthy 
elderly people and elderly people with complaints of 
instability and observed that the only parameter that 
significantly differentiated the static balance was

AP AMP EO. This parameter also permitted us to 
differentiate the static balance of the obese and non-obese 
women in the EO and EC conditions.

The LAT AMP EO test was the only one showing 
worse results for the non-obese elderly women compared 
to the obese ones, even though the difference was not 
statistically significant. The same percentage of altered 
exams was detected in the LAT AMP EC test. No reports 
were detected that would permit a discussion of these 
findings, but we may infer that the increase in body mass 
did not lead to greater amplitude of the lateral movement 
in situations of imbalance, as was the case regarding the 
anteroposterior movement for the obese elderly women.

The results  mentioned thus far  revealed a 
predominance of alteration of AP balance compared 
to LAT balance in both groups, with this being 
demonstrated more in the group of obese elderly 
women. Silva et al. (12) observed that young subjects had 



better postural stability than elderly subjects regarding 
anteroposterior amplitude (12), showing that the AP 
direction is affected with advancing age, explaining the 
altered exams in the present population of non-obese 
elderly women.

Mann et al. (13) reported that the greatest oscillations 
were detected also in the anteroposterior direction, both 
for amplitude and for mean displacement of the pressure 
center. However, in a study of obese children, McGraw 
et al. (14) detected greater oscillation for the mediolateral 
balance and concluded that, even though the human 
body has a greater number of degrees of freedom in the 
AP direction, children compensated more easily for the 
imbalance in this direction than in the LAT direction.

It can be seen that the literature is discordant regarding 
the findings of changes in the indices involved in AP/
LAT balance in young people, adults and healthy and/
or unstable elderly people. It is known that in the 
anteroposterior direction the first motor response to 
imbalance occurs by the action of the ankle, followed 
by the knee and then by the hip. In contrast, in the 
mediolateral direction, the response occurs only 
by the action of the hip. In addition, the human body 
has a larger number of degrees of freedom in the 
anteroposterior direction compared to the mediolateral 
direction (14). 

The present results show that obese elderly women 
had significantly greater changes in tests involving AP 
oscillations compared to LAT oscillations. Since tasks 
in the AP direction are difficult for non-obese elderly 
women compared to the LAT direction, the present 
data indicate that obese elderly women will have even 
greater difficulties since the excess of adipose mass will 
impair and slow down the response to oscillation and the 
stability of the motor response involved.

In addition, obese persons and pregnant women 
exhibit widening of the support base with separation 
of the feet when walking, with the feet being displaced 
sideways, diverging and forming a larger quadrangle 
that insures new balance positions, causing a waddling 
and ungainly gait (15). Thus, comparing this statement 
to our data, we can consider that obese women are better 
adapted to lateral balance, a fact that justifies lower 
percentages of alterations in this direction for the obese 
women and also the greater percentage of altered exams 
in the non-obese group in the LAT AMP EO/EC test.

Studies on adults have shown that a 20% increase 
in body mass reduces the ability to perform rapid 
adjustments in response to external perturbation in the 
orthostatic position and increase postural instability (4). 

The results of the SSKG EC test showed a statistically 
significant difference between groups (p<0.05), with the 
obese women requiring a greater surface to remain stable 
during the perturbation of body balance.

The LSKG EO/EC + SSKG EO/EC test was altered 
in 83 cases among the obese women and in 56 cases 
among the healthy women. When the body is in the 

erect position it may be compared to a pendulum 
system that moves through the axis of the ankles. In the 
presence of overweight, as is the case for obesity, the 
torque necessary to maintain balance increases, causing 
increased involvement of the muscles with a motor action 
in order to bring back the center of the mass to the base of 
support. This provokes increased values of the variables 
of balance oscillation (16) and may explain the increase 
of the surface and length variables for the obese women 
studied here.

Statistically significant differences were detected 
between groups in the  LFS EO and LFS EC tests, with 
respective values of p<0.01 and p<0.05. These data permit 
us infer that obesity impaired the performance of the 
elderly women in the tests in question, so that these 
patients must expend a greater quantity of kinetic energy 
to maintain their body balance.

Regarding the sensory organization for each activity – 
proprioceptive, visual and vestibular - the proprioceptive 
activity showed statistically significant data (p<0.01), 
support that obesity reduces the proprioceptive activity 
in the anteroposterior direction and that elderly women 
require vestibular and visual sensory information to 
compensate for the absence of proprioceptive information 
and thus prevent falls.

Degenerations of the proprioceptive system occur 
with advancing age, with consequent body instability 
that explains the changes detected in 20% of healthy 
elderly women (3, 17).  Studies on young and adult 
obese subjects have demonstrated that the accumulation 
of adipose tissue can reduce body balance and 
proprioceptive capacity, contributing to falls (18). 

In general, there are two reasons for the proprioceptive 
alteration of obese persons. The first is that the body, 
by means of the feet, has mechanoreceptors that receive 
cutaneous sensations and obesity causes this response 
to be reduced. In addition, there is an addition of the 
imbalances, causing greater pressures between the feet 
and the ground, thus reducing the uptake of sensory 
information (11).

The present findings agree with those of Pedalini (17) 
that detected in a study on healthy and symptomatic 
elderly subjects a preserved proprioceptive system 
performance compared to the visual and vestibular 
system. The author stated that the test of sensory 
integration was not sufficiently sensitive to detect 
oscillations secondary to the degenerations that occur 
with aging.

Vestibular activity showed a statistically significant 
difference (p<0.05) regarding sensory organization for 
each activity - proprioceptive, visual and vestibular 
support that the vestibular information in the lateral 
direction was impaired in obese elderly women, who 
required the use of visual sensory and proprioceptive 
information to compensate for the absence of vestibular 
information in order to prevent falls. 

The vestibular information was reduced in the 
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obese women in tasks requiring control of balance in 
the LAT direction. It has been reported that anatomical 
and physiological changes occur with aging (1) that 
render the elderly more susceptible to vertigo signs and 
symptoms, such as reduction of sensory receptors in the 
semicircular canal, saccule, utricle, and retina, in addition 
to a reduction of visual and vestibular reflexes.

In view of the above considerations, we may infer 
that the imbalance of the elderly women studied 
here was related to obesity. Postural changes do not 
exclusively occur in obese persons, but affect them more 
frequently due to the mechanical action of excess body 
mass and to the increase of the variables that involve 
balance, especially in the AP condition in relation to 
the proprioceptive system and in the LAT condition in 
relation to the vestibular system.

The imbalance and falls of the elderly are largely 
due to degenerative phenomena peculiar to aging (1). 
Maintaining one’s balance on a surface while rapid 
displacement movements are required needs a rapid 
selection of sensory cues and the programming of 
appropriate postural reactions for body adjustment.  

In the present study, CDP was considered to be a 
rapid test of simple application by the therapist. Some 
precautions were required for the application of the test 
to the obese elderly group, especially for women with 
difficulties in locomotion. However, these deficits did not 
prevent the application of the test since parameters such 
as frequency and velocity can be changed manually. 

We suggest a program of balance rehabilitation 
for the population of obese elderly women under the 
guidance of an interdisciplinary team that would provide 
medical, nutritional, speech therapy, physiotherapy 
and physical education follow-up. It would also be 
interesting to conduct a longitudinal study of obese 
elderly women with CDP evaluation in a first phase and 
after the implantation of a program of weight loss and 
rehabilitation.

Conclusion

Our study support that the obesity interferes with the 
body balance in elderly women, especially in situations 
that require postural control in the AP direction, 
proprioceptive cues in the AP direction and vestibular 

cues in the LAT direction.
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