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Abstract

As the population ages, falls are becoming a major health problem, not only for
those with some degree of balance/mobility impairment, but also among healthy
active seniors. Previous studies suggest that the degradation of human sensori-
motor function related to age contributes to falls. The aim of this research was to
develop a practical solution for quantifying the age-related sensori-motor
degradation. Therefore, a new testing apparatus, the Dynamic Balance Testing
Platform (DBTP), was developed for quantifying sensori-motor decline using
Artificial Neural Network (ANN) modeling. The DBTP consists of two layers —
an immobile base and a mobile perturbation layer. The perturbation layer is
balanced on a single center pivot; each of the four corners is supported by an air
cylinder, with vertically downwards by a maximum of 2.5 cm. The platform was
designed to reflect the natural oscillations in a subject’s center of gravity (COG).
Shifts in COG positions altered the load on each of the four supporting air
cylinders, leading to measurable vertical displacements. The DBTP captures the
subject’s ability to balance dynamically on a single point of support. An ANN
model, trained by 60 subjects’ data (age: 18-65+), was developed for the DBTP.
Seniors with and without Tai-Chi training were used to contrast any influence
from Tai-Chi on the sensori-motor aging. The result demonstrated that Tai-Chi
slowed down the effects of sensori-motor aging. This study validated that DBTP
is a feasible tool in aging exercise studies.

Keywords: sensori-motor, degradation, ANN modeling, COG, dynamic balance,
training effects.
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1 Introduction

Falls and fall-related injuries increase with age. As the population ages, falls
become one of the major health problems, not only for those with some degree of
balance or mobility impairment, but also among healthy active seniors [1, 2].
Due to sensori-motor degradation related to age, one third of people 65 years and
older experience at least one fall each year [3]. Numerous studies have revealed
that falls are the leading cause of external injury among the elderly, accounting
for 24% of emergency visits [4] and 70% of accidental deaths in persons aged 75
years and older [5]. This severe problem has a significant impact on personal
health and healthcare-costs in older adults [6]. As the baby-boom generation
enters into retirement age and the mean age of our society rapidly increases, falls
and the increased healthcare costs associated with this problem will become a
major concern in our society. Developing fall prevention strategies based on an
individual sensori-motor function assessment are becoming highly desirable.

Numerous methods for researching the prevention of falls and age-related
sensori-motor degradation have been proposed and tested. Current methods for
assessing sensori-motor function are based on the analyses of data collected
across differing biomechanical tests, such as Static Centre of Pressure (COP)
Measurement [7, 8], Dynamic Posturography [9, 10], electromyography (EMG)
and motion capture [11, 12]. These tests are often contradictory [13, 14].
Additionally, some approaches are too impractical to use with seniors [15] or too
expensive for practitioners [16].

The main reason for the contradictions and/or complexity in existing fall-
prediction methods is the lack of consideration for the non-linear and redundant
interactions amongst afferents and efferents of the human sensori-motor system.
Non-linearity arises from neurons receiving impulses from several of their
dendrites simultaneously, but limiting their outputs to a single signal. The inputs
do not add together in a linear fashion to produce an output of equal magnitude.
Redundancy refers to the fact that the human body has a vast quantity of sensory
afferents that overlap and there are more sensory inputs than necessary for motor
control. This leads to interactions not only amongst afferents and efferents, but
also afferents themselves (i.e. afferents affect not only the efferents but also each
other). The complex nature of the interactions of sensory neurons influences the
sensori-motor system in ways that render accurate predictions based on
traditional methods (without the consideration of inputs dependence) difficult if
not impossible to achieve. To overcome these difficulties, we initiated an
innovative approach using Artificial Neural Network (ANN) modeling, which
considers non-linearity and redundancy [17]. We hypothesized that a randomly-
perturbed balancing test data, evaluated by ANN modeling would have great
potential to become a simple, reliable test for practitioners in the healthcare
industry.
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2 Method development

Most falls occur from disturbances in balance control mechanisms, or
perturbations. For example, when subjects close their eyes while standing still,
their body must adjust or re-weight the sensory input to maintain balance. If their
body cannot accommodate for the change in sensory input, they may fall.
Disturbances in balance stem mainly from vision changes and the supporting
base upon which subjects stand. Hence, the re-weighting of the sensori-motor
system during instability plays an important role in falls. For these reasons, tests
for the characterization of sensori-motor function should not be taken under
static conditions, but should instead include measurements taken during
perturbations.

We designed, along with operating software, a novel test device — Dynamic
Balance Testing Platform (DBTP) — which utilizes an ANN model to evaluate
sensori-motor functions. A major advantage of the model lies in its ability to
address complications that have made the nervous systems difficult to simulate.
These complications include afferent-afferent interactions (i.e. the inputs of a
single neuron are not independent but rather interdependent), sensory
redundancy (i.e. not all inputs are needed; some inputs can be removed without
notable consequences) and neural non-linearity (i.e. the output is not linearly
based on the input; biological neurons almost always process a set of multiple
inputs for each single output).

2.1 Dynamic balance testing platform

Figure 1 displays the design (top) and the prototype (bottom) of the innovative
DBTP, which was developed in the Biomechanics Lab at the University of
Lethbridge. DBTP consists of two layers — an immobile layer (base) and a
mobile layer (perturbation layer). The base is made of a 3/16 sheet of steel
measuring 80x80 cm2 and the perturbation layer of a 3/8 steel sheet (60x60
cm2). The perturbation layer is balanced on a center pivot; each of the four
corners is supported by an air cylinder, which can be displaced vertically
downwards by a maximum of 2.5 cm. To stabilize the top layer for the mounting
and dismounting of subjects, three linear actuators are used. The perturbation
layer of the platform was designed to reflect the natural oscillations in subjects’
center of gravity (COG). Random shifts in COG positions alter the load on each
of the four supporting air cylinders, leading to measurable vertical
displacements; the greater the COG changes, the greater the vertical
displacements. Essentially, the DBTP captures subjects’ attempts to balance
dynamically on a single point of support. Thus despite the artificial condition
under which the measurements are attained, genuine re-weighting and/or
compensatory strategies of the center nerve system (CNS) are reflected and the
measurements can be utilized to characterize the sensori-motor functions of a
subject. Subjects who introduce greater perturbation to the platform are likely to
have less dynamic balance ability. The applied funding will help to evaluate the
reliability, possible drawbacks and improvement of DBTP at application level.
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Figure 1: Dynamic Balance Testing Platform (DBTP).

2.2 ANN modeling

The ANN model that powers the DBTP is designed to contain three layers (an
input layer, a hidden layer and an output layer). The input layer consists of 19
different parameters related to sensory inputs. They include body weight (BW),
body height (BH), and parameters derived from DBTP measurements, such as
duration of successful one-point support (DurB), maximum posture adjustment
speed, mean and maximum acceleration in the anterior-posterior (a-p) and
medial-lateral (m-I) directions with eyes open and eyes closed. BW and BH were
included because human motor control is directly affected by both factors. The
hidden layer consists of 60 non-linear sigmoid neurons that mimics the role of
the CNS by interpreting data received in the input layer. This number of neurons
is chosen based on manufacturer recommendations [17]. The output layer
consists of two linear neurons whose outputs are predictions of sensori-motor-
control age and fall-probability (0 — non faller or 1 — faller, Figure 2).

Training of ANN (Figure 2(b)) requires baseline data known as inputs and
targets. This data was collected from subjects aged 19 years to 60+, either with
or without a history of falls. During the training process, all weights were
changed iteratively through mathematical optimization (back-propagation
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algorithm16) until the inputs matched the targets. The weight matrices (Wj;; and
W) were then fixed, resulting in a trained model that, when given
measurements of new subjects, can generate their predicted age and fall
possibility (Figure 2(a)).
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Figure 2: Design of the ANN model for prediction of falls and sensori-motor
degeneration related to age (a) and training of the ANN model (b).

Age was designed to be an output (predicted age) because it can be an
objective, easy-to-interpret criterion for judging one’s state of sensori-motor
function. The rate of falls increases dramatically with age regardless of one’s
gender, race or ethnicity [18-20]. Physical activity, however, can slow the rate of
sensori-motor degeneration [18, 21]; thus, exercise can provide an individual
with a “younger” body (sensori-motor-control age) than his or her true age.
Contrasting one’s actual age with his/her predicted sensori-motor-control age
thus indicates the degree of one’s sensori-motor deterioration. If the output age is
higher than one’s true age, for instance, the rate of degeneration is likely more
rapid than that of the subjects used in the training process.
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3 Results and discussion

For this study, none of the subjects have a history of falls, thus the ANN model
was only trained by the data of 60 non-fallers. Hence, prediction output of the
model at the present state is limited to age only. Two additional subjects, a
young adult and a senior, were employed to verify the validity of the model. The
predicted sensori-motor-control ages were: 20 for the 22 year-old subject and 68
for the 62 year old senior.

One potential benefit of the DBTP is to evaluate any particular physical
exercise, Tai Chi, for example. To do so, two ANN models are needed: model A
trained by subjects with significant Tai Chi experience and model B by
participants on only a minor exercise regimen. The two models can each be used
to predict the sensori-motor-control age of the other model’s cohort. If model A
outputs younger predicted age for individuals without Tai Chi experience, then
the data imply a detrimental effect of Tai Chi on sensori-motor function.
Conversely, if model B outputs younger predicted age for individuals with Tai
Chi experience, then the data confirm current theories [21] that Tai Chi has
beneficial effects. In this manner, the cross-prediction of two different ANN
models can illustrate the influence of Tai Chi on sensori-motor function. Such
results could subsequently be used to guide future research on different physical
exercises, particularly those designed for seniors.

Another potential benefit is to train the ANN with subjects who have fall
history. After incorporating data from the subjects with a history of falls, the
platform can output daily predictions of individual fall probability. Such
information can be utilized to develop fall-prevention programs for seniors and
could help reduce the social and health care costs associated with falls.

It should be noted that a fully trained ANN model is an integral part of the
DBTP. Once connected to the platform, it will enable the device to automatically
record and interpret the sensory inputs generated by the subjects. Most
importantly, ANN modeling allows the DBTP to provide an assessment of
sensori-motor function that the subjects themselves can understand.

4 Conclusion

This study demonstrated the use of simple DBTP measurements and ANN
modeling technology to predict sensori-motor degradation related to age. A
prototype for this promising tool was completed. We believe that, via fall
prediction, this innovative device has great potentials to reduce the social and
health care costs associated with age-related falls.
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