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ABSTRACT

Purpose: the aim of this study is to determine whether posturography, an
exam used to investigate the ability to maintain balance under conflicting
sensory conditions, can identify the risk of falls in eldery patients with
dizziness. Methods: to compare the posturographic results of elderly
people with falls vs elderly people with no falls, paired by sex, age and
dizziness etiology. Results: 18 fallers, and, of these, 14 with two or more
falls in the last year were compared with 18 elderly people without falls.
Comparing subjects without falls vs subjects with at least one fall in the
last year, fallers obtain worse scores in conditions of visual dependence.
Comparing non fallers with subjects with two or more falls, people with
recurrent falls obtain worse score in several conditions: somatosensorial,
vestibular, visual conflict, and in the main measure, the composite score.
Conclusion: posturography appears to be a useful tool to identify those at
high risk of recurrent falls.

Keywords: Postural balance; Aged; Accidental falls; Dizziness; Vestibular
diseases

RESUMO

Objetivo: avaliar se a posturografia, exame que avalia a habilidade de
manter o equilibrio em condigdes sensoriais conflitantes, pode identificar
risco de queda em idosos com tontura. Métodos: comparar os resultados
posturograficos de idosos com e sem historia de quedas, pareados por
género, idade e diagnostico etiologico da tontura. Resultados: dezoito
idosos com quedas — 4 com unico episodio e 14 com historia de 2 ou mais
quedas no ltimo ano - foram comparados com 18 idosos sem quedas,
pareados por género, idade e diagndstico etiologico. Pacientes com quedas
apresentaram resultados piores para as analises de dependéncia visual
(p=0,04, p=0,01, p=0,03). Pacientes com quedas recorrentes (2 ou mais
episodios) apresentaram piores resultados em diversas condigdes sensoriais:
somatossensorial, vestibular, dependéncias visuais e indice de equilibrio
composto. Conclusiio: a posturografia mostrou-se util na identificagdo de
idosos com quedas, principalmente em individuos com quadros recorrentes.

Palavras-chave: Equilibrio postural; Idosos; Acidentes por quedas; Tontura;
Doengas vestibulares
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INTRODUCTION

Population aging is increasing in the world, as a reflection
of the increase in life expectancy, technological advances in
medicine, accessibility, and improvements in health conditions.
On the other hand, age can bring weaknesses that health
professionals must be prepared to resolve!!?.

Dizziness is among the most common complaints of the
elderly population, reaching a prevalence of 85%, directly
interfering with the quality of life and associated with the risk
of falling, with high morbidity in this age group®®.

Body stability is maintained by the complex integration
between the sensory system, which includes the vestibular,
somatosensory, and visual senses, and the motor system.
Deterioration of balance occurs both as a natural process
associated with aging and due to the incidence of chronic
degenerative diseases, which can affect any of these systems
and predisposing to falls!->9),

These multiple causes, associated with the aging of the
vestibular system, characterize the multifactorial nature of
dizziness in the elderly®. In Brazil, 25.1% of the elderly living
in urban areas fall at least once a year, and this proportion
increases to 31.4% over 75 years of age!?.

Falls have a great impact on the individual’s quality of
life and health costs. Some of the main consequences are
fractures, increased dependence, fear of further falls, restriction
of activities, hospitalization, and institutionalization, with
high rates of morbidity and mortality®!V, in addition to the
psychosocial consequences, causing feelings of fear, fragility,
and lack of confidence. All the aforementioned aspects can lead
to the deterioration of the general condition of the elderly>!%.

Considering the growing prevalence of the elderly in terms
of population and the high rates of falls in this age group,
especially those with dizziness, this topic becomes a public
health issue!'*!?.

Early detection of postural control abnormalities, followed
by adequate rehabilitation, modification of the environment and
recommendations could help prevent falls®'¥.

Posturography is a test in which a force platform is used
for a general assessment of balance, providing a quantitative
approximation of the oscillations of the individual’s center of
gravity, as it allows to isolate and quantify the participation of
vestibular, visual, and proprioceptive information, as well as
its sensory integration in the maintenance of postural stability,
information that is precisely what must be evaluated in the
aging of the elderly’s sensory functions!'?.

In this sense, some studies have already shown that healthy
elderly individuals with a history of falls are less able to
compensate for general balance challenges® !9, suggesting
that the use of posturography could verify changes in the
vestibulospinal system and assess the decreased postural control
with aging(*!1316-2%,

The present study aimed to analyze the response of
posturography in patients with dizziness, with and without a
history of falls, pairing them by gender, age, and etiological
diagnosis, to assess whether this test can be used as a tool to
identify the risk of fall in this at-risk population.
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METHODS

The study subjects were recruited from a database of
patients treated at the otoneurology outpatient clinic of
the otorhinolaryngology service of a tertiary hospital. The
initial database records date from April 2013 and a total of
305 individuals.

A case-control study was carried out. Patients aged 60 years
or older, consulted for dizziness and with a history of at least
one episode of fall in the last year, caused by a dizziness crisis,
were included in the case group. The number of falls in the last
12 months was quantified, and two or more falls were defined as
recurrent falls. The study was approved by the Ethics Committee
for Research on Human Beings of “Santa Casa de Sdo Paulo”,
under protocol number 4,151,493.

Falls were defined as an event that results from unintentional
contact with the ground or lower level, not being the result of a
major intrinsic event (such as a stroke or syncope)'®.

The following exclusion criteria were applied: patients who
needed a device to maintain balance (such as a cane or walker),
musculoskeletal disorders that caused pain in the lower limbs or
impaired strength and mobility, cognitive decline that prevented
comprehension of the exam, severe or uncompensated visual
disturbances, height less than one meter and weight above
130 kg (the limit to the posturography platform).

For the control group, elderly patients were selected, being
followed up at the same outpatient clinic, without any episode
of fall, being matched with the case group by gender, age, and
etiological diagnosis of dizziness.

All participants understood the purpose of the research and
signed the Informed Consent Form (ICF). Patients underwent
standardized clinical evaluation using an otoneurological care
form, comprising an anamnesis directed to the characteristics
of dizziness, associated symptoms and comorbidities, general
physical and otoneurological examination, and posturography,
in addition to tests relevant to each case.

The equipment used in this work to perform static
posturography with dynamic tests was the Contronic Horus®.
The posturography is composed of a force platform connected
to a computer. The software records and analyzes the data
provided by the platform. The system is also accompanied
by a pad, which allows tests with an unstable surface, and by
television that projects visual stimuli®'.

Two tests were performed: the limit of stability (LOS)and
the sensory organization test (SOT). For the LOS, the participant
is instructed to lean the body forward, return to the center,
lean back, return to the center, lean to the right, return to the
center, lean to the left, and return to the center, only with ankle
movement, without hip and shoulder movement, this sequence
being performed twice without interruption, aiming to achieve
the maximum possible displacement without risk of falling. For
the SOT, the participant is instructed to remain on the platform
in an orthostatic position for 30 seconds under the following
sensory conditions!"¥ (Figure 1):

* Condition 1 (C1): stay on a stable surface (directly on
the platform, that is, without using the pad), with eyes
open, looking at a fixed point (assess the integration of
visual, vestibular, and somatosensory systems);
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Figure 1. Statokinesigrams

LOS = limits of stability; C1 = condition 1 — eyes open and stable surface; C2 = condition 2 — eyes closed and stable surface; C3 = condition 3 — eyes open and unstable
surface; C4 = condition 4 — eyes closed and unstable surface; C5 = condition 5 — right optokinetic visual stimulus and unstable surface; C6 = condition 6 — left optokinetic
visual stimulus and unstable surface; C7 = condition 7 — tunnel visual stimulus and unstable surface

Condition 2 (C2): stay on a stable surface, with eyes
closed (exclusion of visual information; evaluates the
vestibular and somatosensory systems);

Condition 3 (C3): stay on an unstable surface (for example,
on top of the cushion and the pad is on the platform),
with eyes open, looking at a fixed point (inaccurate
somatosensory information; assesses the vestibular and
visual systems);

Condition 4 (C4): stay on an unstable surface, with
eyes closed (inaccurate somatosensory information
and exclusion of visual information; assesses only the
vestibular system);

Condition 5 (C5): stay on an unstable surface, looking
at a dynamic image that displays bars that cause an
optokinetic effect, moving to the right;

Condition 6 (C6): stay on an unstable surface, looking
at a dynamic image that displays bars that cause an
optokinetic effect, moving to the left;

Condition 7 (C7): stay on an unstable surface, looking at
a dynamic image that shows a tunnel composed of thin
bars, with a forward direction. (In C5, C6, and C7 the
somatosensory information is imprecise and promotes
visual/vestibular conflict).

Audiol Commun Res. 2022;27:¢2684

The software analyzes the confidence ellipse (CE), the mean
mediolateral (MLV), and anteroposterior (APV) velocities
and calculates the equilibrium score (ES) for each of these
seven conditions. From the ES, the parameters of the sensory
analysis are calculated: somatosensory (SOM), visual (VIS),
vestibular (VEST), right visual dependence (VDep R), left
visual dependence (VDep L), and tunnel visual dependence
(VDep T). From the association of these sensory analyses, the
composite equilibrium score (CES) is calculated, which reflects
the general coordination of balance.

The values were analyzed according to the software’s
standardization, and the altered values were retested only once,
for confirmation. The posturographic results of the case group
and the control group were compared.

The Kolmogorov-Smirnov test was used to assess whether the
different quantitative variables followed a normal distribution,
which was compared by the mean, using the Student’s t-test.
Statistical significance was determined with a p less than 0.05
for all analyses.

RESULTS

Of the 305 patients treated, 36 individuals were included
in the study, 18 of whom had a history of falls. Of these, 13
(72.2%) were female and 5 (27.8%) were male, the same as
the control group. The mean age of patients who fell was 67.4
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+ 4.5 years, and that of those who did not fall was 68.3 + 4.8
years (p=0.572).

Regarding the number of falls, 4 (22.2%) had 1 single
episode of fall in the last 12 months, 5 (27.8%) had 2 episodes,
and 9 (50%) had 3 or more episodes of falls.

Regarding the analysis of the quantitative variables of
patients who fell and those who did not, there was a statistically
significant difference between the groups for conditions C4
(p=0.030) and C5 (p =0.038), and the confidence ellipse arca
was higher for patients with falls (Table 1).

Sensory analysis of visual conflict showed a lower value for
patients who had falls: VDep R (p=0.040), VDep L (p=0.019)
and VDep T (p = 0.030). There was no significant difference
in equilibrium score (ES) in any of the 7 conditions. Although

Table 1. Comparison of variables between patients without and with falls
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it was possible to observe a higher average in the composite
equilibrium score (CES) among the elderly who did not fall
(84.26%) than those who suffered falls (69.14%)), there was no
significant difference in this parameter (p = 0.06). There was
also no difference between the limits of stability(LOS) and the
mediolateral (MLV) and anteroposterior (APV) velocities in
any of the conditions.

Regarding patients with recurrent falls (2 or more episodes
of falls in the last 12 months), statistically significant differences
were observed in the group without falls, in conditions C1
(p=0.036), C4 (p=0.008), C5 (p=0.019) and C7 (p=0.031), the
ES of conditions C2 (p=0.017), C4 (p=0.006), C5 (p=0.014),
C6 (p=0.027) and C7 (p=0.023), and somatosensory (SOM)
(p=0.029), vestibular (VEST) (p=0.022) and visual conflict

Variables Without falls With falls Recurrent falls

(mean = SD) (mean = SD) P-value (mean = SD) P-value
CE LOS (mm?) 14,384 + 3,478 15,603 + 7,055 0.515 13,172 + 5,427 0.449
CE C1-EQOS (mm?) 486 + 555 1,320 + 1,930 0.087 1,618 + 2,108 0.036*
CE C2-ECS (mm?) 809 + 1,004 2,406 + 4,218 0.127 3,020 + 4,630 0.057
CE C3-EOU (mm?) 1,546 + 2,016 2,185 + 2,416 0.395 2,489 + 2,661 0.262
CE C4-ECU (mm?) 4,011 £ 2,229 7,379 + 5,891 0.030* 8,535 + 6,229 0.008*
CE C5-0OSD (mm?) 1,759 + 1,010 3,124 +2,483 0.038* 3,444 + 2,668 0.019*
CE C6-0OSL (mm?) 2,026 + 1,304 3,461 + 3,660 0.126 4,000 + 4,008 0.058
CE C7-TU (mm?) 1,616 + 1,203 2,859 + 2,701 0.083 3,326 + 2,903 0.031*
MLV C1-EOS (mm/s) 6.53 £ 4.72 10.11 + 6.63 0.07 11.21 + 712 0.033*
MLV C2-ECS (mm/s) 10.22 + 10.38 15.92 + 15.72 0.207 18.04 + 17.09 0.119
MLV C3-EOQU (mm/s) 16.97 + 9.42 19.31 £ 8.74 0.445 20.35+9.16 0.317
MLV C4-ECU (mm/s) 32.13 £ 14.55 3754 + 18.60 0.338 38.81 + 19.68 0.278
MLV C5-OSD (mm/s) 21.54 + 8,74 22.64 +9.11 0.713 23.41 + 8.46 0.548
MLV C6-OSL (mm/s) 22.39 + 10.95 22.54 + 13.01 0.969 23.88 + 14.12 0.739
MLV C7-TU (mm/s) 16.37 + 742 1719 £ 724 0.74 1799 + 7.86 0.557
APV C1-EOS (mm/s) 12.82 + 7.95 14.69 + 8.70 0.506 15.71 £ 9.43 0.355
APV C2-ECS (mm/s) 22.78 + 17.84 22.87 + 15.72 0.988 24.89 + 17.35 0.74
APV C3-EOU (mm/s) 26.96 + 18.43 27.07 + 14.99 0.985 28.31 + 16.60 0.832
APV C4-ECU (mm/s) 56.54 + 36.79 68.43 + 82.85 0.582 73.76 + 93.76 0.481
APV C5-0OSD (mm/s) 34.67 + 21.71 35.12 + 14.64 0.942 36.44 + 16.10 0.801
APV C6-OSL (mm/s) 3782 + 32.84 35.52 + 22.59 0.808 37.07 + 25.13 0.944
APV C7-TU (mm/s) 30.36 + 22.88 30.05 + 12.09 0.96 31.67 + 13.22 0.85
FRC C1-EQOS (%) 96.37 + 4.43 86.88 + 25.42 0.128 83.46 + 28.09 0.063
FRC C2-ECS (%) 93.47 + 9.50 76.99 + 34.44 0.059 70.75 + 36.90 0.017*
FRC C3-EQU (%) 86.89 + 22.07 78.33 + 30.00 0.336 73.44 + 32.56 0.174
FRC C4-ECU (%) 68.84 + 24.57 46.95 + 39.60 0.054 35.79 + 38.02 0.006*
FRC C5-0OSD (%) 86.65 + 9.23 71.93 £ 29.34 0.05 66.61 + 31.17 0.014*
FRC C6-OSL (%) 84.29 + 14.05 69.83 + 33.54 0.101 63.10 + 35.37 0.027*
FRC C7-TU (%) 8750 + 11.18 72.16 + 34.24 0.08 65.70 + 36.47 0.023*
Somatosensory (%) 96.79 + 6.70 82.19 + 32.80 0.073 7710 + 35.79 0.029*
Visual (%) 89.95 + 22.08 82.71 + 29.66 0.412 78.74 + 32.76 0.257
Vestibular (%) 70.76 + 25.00 52.96 + 39.32 0.114 43.21 £ 39.52 0.022*
VDep Right (%) 132.77 + 102.33 73.06 +59.73 0.040* 63.89 + 65.15 0.036*
VDep Left (%) 120.31 + 54.18 72.86 + 60.74 0.019* 62.65 + 65.73 0.011*
VDep Tunnel (%) 132.75 + 92.84 73.46 + 60.46 0.030* 62.97 + 65.17 0.023*
CES (%) 84.26 + 13.79 69.14 + 29.88 0.06 62.36 + 30.72 0.011*

* Statistically significant values (p<0.05)
Caption: SD = standard deviation; mm? = square millimeter; mm/s = millimeter per second; % = percentage; CE = confidence ellipse; LOS = limits of stability;
MLV = mediolateral velocity; APV = anteroposterior velocity; FRC = functional residual capacity; C1-EOS = condition 1 — eyes open and surface stable; C2-ECS = con-
dition 2 — eyes closed and surface stable; C3-EOU = condition 3 — eyes open and unstable surface; C4-ECU = condition 4 — eyes closed and unstable surface;
C5-0SD = condition 5 — optokinetic stimulus to the right and unstable surface; C6-OSL = condition 6 —optokinetic stimulus to the left and unstable surface; C7-TU =
condition 7 — tunnel stimulus and unstable surface; VDep = visual dependency; CES = composite equilibrium score
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analysis - VDep (p=0.036), VDep L (p=0.011) and VDep T
(p=0.023) - in addition to the main variable, the CES, in which
the average of those who did not fall was 84.26%, against
62.36% of those who fell (p =0.011) (Table 1 and Figure 2).

) 2
R &

@ Non-fallers  @Recurrent fallers

Figure 2. Posturographic parameter scores (non-fallers vs recurrent
fallers).

* = Statistically significant differences; Erro bars = 95% confidence interval for
average; ; ES = equilibrium scorer; C1 = condition 1 — eyes open and stable
surface; C2 = condition 2 — eyes closed and stable surface; C3 = condition
3 — eyes open and unstable surface; C4 = condition 4 — eyes closed and
unstable surface; C5 = condition 5 — right optokinetic visual stimulus and
unstable surface; C6 = condition 6 — left optokinetic visual stimulus and unstable
surface; C7 = condition 7 — tunnel visual stimulus and unstable surface; SOM
= somatossensorial; VIS = visual; VEST = vestibular; R Vis Pref = right visual
preference; L Vis Pref = left visual preference; T Vis Pref = tunnel visual
preference; CE score = composite equilibrium score

DISCUSSION

In this study, when evaluating patients with a single episode
of fall, despite the percentage of the ES of the seven conditions
and the sensory analyzes being worse for the group with falls,
there was a significant difference only for the visual conflict
analyses. On the other hand, when evaluating individuals with
two or more falls, posturography proved to be a good test to
identify recurrent falls, with multiple parameters involved and
with differences in the control group. As other papers!'>¥, there
was a significant difference in the composite equilibrium score,
indicating that these elderly people are not able to compensate
for the general balance challenges such as elderly people
without falls@¥.

The greater difficulty in identifying single falls can be
understood as if these patients had less balance impairment,
or even, understood this fall as an accidental event, being,
therefore, more difficult to predict than multiple falls, which
reflect the greater disorder of balance®. It is a fact that an isolated
episode of fall already involves a risk of injury and should not
be overlooked in the clinical practice of guidance and special
care with this group at higher risk, although, obviously, the
elderly who suffer recurrent falls are at greater risk of serious
complications. Therefore, this group requires more rigorous
preventive intervention?.

Due to the high incidence of falls and their repercussions
on the health of the elderly, tools, such as posturography, that
could predict the risk of falls were evaluated so that measures
could be taken to prevent their occurrence!'®. There are several

Audiol Commun Res. 2022;27:¢2684

models of static and dynamic posturography on the market.
They differ in terms of the types of sensory information, such
as the use of mobile platforms or virtual reality technology to
recreate environments and situations capable of measuring the
individual’s postural responses to different stimuli.

In this paper, we used the Horus® equipment (Contronic
brand) to perform static posturography with dynamic tests. This
model is Brazilian, launched in 2017, and offers the advantages
of lower cost compared to the international market, greater
accessibility for maintenance as it is a national company and
for its greater portability!!®.

Since the posturographic evaluation program used - the
SOT - manages to manipulate and analyze the input and
dependence of information from the three sensory systems
(visual, somatosensory, and vestibular) for postural balance'”,
it was possible to evaluate the changes present in the different
sensory conditions of posturography and to scrutinize the
multiple factors that may be involved in recurrent falls.

Condition 2, stability with eyes closed on a stable surface
(ES C2) and somatosensory analysis showed lower values in the
group with recurrent falls, a finding also observed in a study®,
showing that patients had greater sway when visual afference
was occluded. This suggests a greater contribution of visual
afference and less confidence in somatosensory afference to
the formation of strategies for postural stability in the elderly
with recurrent falls®.

Condition 4 values (ES C4) were also lower in the group
with recurrent falls. In this condition, visual and somatosensory
afferents were absent and reduced, respectively, evidencing the
inefficiency of the vestibular system in developing strategies to
maintain balance in patients with falls, which may reflect the
vestibular dysfunction itself”!® and, equally, from a failure of
central processing to deal with conflicting sensory information
to maintain posture'?.

The present study also showed a difference in the variables
that reflect the visual dependence for balance maintenance
(VDep R, VDep L, and VDep T). In these tests, both visual and
somatosensory afferents were distorted, suggesting that falls
may be associated with decreased vestibular sensitivity, with
a greater contribution of visual cues in balance regulationt'82>.
This variable was shown to be altered, even in individuals who
had a single fall, making it possible to wonder whether it would
be more sensitive and become important in earlier diagnoses.

Proprioceptive information, through spinal processing,
generates a fast motor response, while visual information,
from environmental references and with greater processing
complexity, generates a more accurate, but slow response.
Considering that situations of imbalance occur unexpectedly,
quick and accurate responses are essential to avoid falls. Thus,
it is argued that strategies involving a greater contribution of
vision would be insufficient to prevent a fall, in contrast to
those involving vestibular and proprioceptive preferences,

It should be noted that posturographic results vary according
to gender!> and age group!*2*??, with different normality
reference values for these variables. Few studies have studied
posturography changes in different causes of dizziness.
Authors® showed different results between central and mixed
vertigo. Both the sensory systems (visual, somatosensory, and
vestibular), as well as the motor and central processing, may
undergo changes or decreases in function resulting from the
physiological process of aging or specific dysfunctions®?. The
main difference of this study was that all the patients who fell
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were paired with the control group, according to gender, age,
and diagnosis of dizziness, making the groups homogeneous.

With two homogeneous groups, it was possible to evidence,
in this study, that posturography proved to be a good exam to
identify patients with two or more episodes of falls. Thus, by
identifying the potential risk and knowing the mechanisms that
are related to balance deficit, it is possible to create appropriate
interventions to prevent falls and their complications322,

The sample number may have contributed to the lack of
evidence of significant changes in the group with only one fall
episode. With the increase in the number, more statistically
significant results could be identified among the elderly with a
single fall and those without falls. Another potential limitation
is because the Horus® posturography is new equipment;
studies of its alterations in patients with vestibular disorders
are lacking. It is important to emphasize that the detection of
the risk of falls should not be based exclusively on an exam.
Posturography is complementary, not replacing the anamnesis
and clinical evaluation of the patient.

CONCLUSION

Posturography proved to be useful in the identification
of elderly people with falls, especially in individuals with
recurrent conditions.
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