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UTILIZATION OF HUMAN MOTION ANALYSIS FOR SENIOR CARE

Daniela Onofrejova’, Zlatica Dolna?, Peter Bigos', Dusan Simsik?
"Technical University of Kosice, Department of Design, Transport and Logistics, Kosice
Technical University of Kosice, Department of Biomedical Engineering, Automation and Measurement,
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Abstract

Falls create a leading cause of injuries, including fatal injuries, among older adults. Because falls are so common and dan-
gerous for seniors it important to improve their abilities to prevent the falling and to develop an efficient method fo train them
in walking. The project SMILING aims to develop a programmable shoe with dynamic change of ankle angles during walk

That device and applied training procedures shall offer efficient
analysis tools like optical systems or gyroscope sensors will assist to monitor and evaluate quality of walk during exercises and

the whole training procedure.

Keywords

senior falls, motion analysis, gait practice, training logistics

Introduction

During ageing, the elderly people can encounter limita-
tions that result in loss of control in their lives or the threat
of such loss. A fall is one of the most common events that
threaten the independence of older adults. Each year up to
a third of older adults living in the community sufters a fall.
This number increases to almost two thirds among older
adults who had a history of a fall in the past year. About half
of all people in nursing homes fall each year, Most of the
falls result in a minor injury of some type, most often brui-
ses and scrapes. However, 10-15% of falls result in a broken
bone or other serious injury. Only half of older adults who
fall are able to get up without help. Complications resulting
from falls are the number one cause of death from injury in
both men and women aged 65 and older. The risk of dying
from a fall increases with age. Because many falls result in
injury, they often mean going to the emergency depart-
ment. Research from the early 1990s shows that almost 8%
of people aged 70 and older go to emergency departments
each year because of an injury related to a fall. Close to
a third of these people are admitted to the hospital, staying
around 8 days. At least 20% of older adults living in the
community have problems with walking. This increases to
approximately 50% in adults 85 years old and older. Most
of falls are caused by problems with walking, coordination,
and balance, and most falls among older adults (older than
85) are rarely due to a single cause. For example, a decline
in function can be related to age, sudden or chronic disease,
or medications, and interfere with walking, changing body
position, or other normal activities of daily living. These

training and lower the risk of falls for seniors. Human motion

problems are worsened by improper footwear, travel over
slippery or uneven surfaces, and running or dumping, [1]

Methods

Utilization of human motion analysis for senior care han-
dles following issues:

1. Walking problems assessment - role of the Geriatric
centre, or Rehabilitation clinics,

2. Treatment and Prevention of Falls - Walking exercise
with cognitive features using dynamic SMILING shoe
training tool,

3. Human gait analysis - monitoring and progress in gait
pattern improvement.

1. Health care for older adults focuses on function,
which covers the physical, cognitive/mental (e.g., thinking
and remembering), psychological, and social aspects of
a person’s life. "Quality of lifé” is a term that is often used
as a single, general measurement of the combination of all
these functional aspects of life. Each aspect of function
should be evaluated routinely in all sites of care, such as
the doctor’s office, the hospital, an assisted-living facility, or
the home. The goal of health assessment for older adults is
to encourage and promote wellness and independent fun-
ction. One approach that works well is for health care pro-
viders to rapidly screen several areas by asking screening
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questions related to various areas of health and function.
‘We concentrate here only on the overall functional status

of physical functions.

Assessment of Physical Functions: Functional status
(Transfer, Walking, Balance), Nutrition, Vision, Hearing.
Functional status refers to the tasks a person can perform
in daily life. These tasks are usually referred to as ,activities
of daily living* or ADLs. The self-care tasks (e.g., bathing,
eating, etc) are especially important, because these are the
basic ADLs considered essential for independent living.
Healthcare providers usually ask whether the person
requires the help from someone else to complete these basic
tasks. They will also ask about the person’s ability to mana-
ge household affairs, such as using the telephone, stove, or
washer. These are called instrumental ADLs. Although it is
not practical to test someone’s ability to perform ADLs for
self care and to manage household affairs in the doctor’s
office, other functions can be assessed during an office visit:
walking ability, balance, and ability to transfer from one
position or surface to another (e.g., from sitting to standing
or bed to chair, etc). It is important to wear proper footwear
during an assessment, so that your healthcare provider can
see whether the problem is actually physical or is possib-
ly related to your shoes. Proper footwear means comfor-
table, flat, hard-soled shoes. Healthcare professionals may
use formal, standardized tests to assess balance and mobi-
lity. However, simpler tests (like those described above)
are often enough for routine assessments and follow-up

recommendations, such as the need for a cane or walker.
Transfer: A common way to evaluate the ability of a per-
son to transfer is to ask him or her to stand from a seated
position in a hard-backed chair, while keeping the arms
folded. Inability to complete this task suggests lower leg
weakness and the possibility of future disability. Walking:
From a standing position, the older person will be asked
to walk back and forth over a short distance, usually using
any walking aid (e.g., a cane) that he or she uses routinely.
The person may also be asked to get up from the chair, walk
about 10 feet, turn around, walk back to the chair, turn
around again, and then sit back down. Normally, a person
should complete this ,Timed Get Up and Go” test in <10
seconds. People who take longer than 10 seconds may be at
increased risk of falls, Those who take 20 seconds or longer
require further evaluation. Walking speed can also be used
to predict possible future disability. People who can walk 50
feet in 20 seconds or less can usually walk independently in
normal activities. Balance: Balance is often tested several
times, doing balance exercises that become more and more
difficult. The person being assessed is first asked to stand
with his or her feet side by side, and then with one foot in
front of the other at varying distances apart. Difficulty with
balance in these positions is associated with an increased

risk of falling. [1]

2. Assessment in the SMILING project is the role of the
Specialised Geriatric Centre of St. Lucas in Kosice. It off-
ers basic and specialised ambulant, as well as institutional
treatment for elderly and long time chronically sick people
within the region of Kosice. The main aim of this centre is
to comprehend the range of general health care, intensive
care, geriatrics, diabethology and physical rehabilitation.

Logistics in the clinic consists of the 3 departments that
provide specific services to the people:

Department] - services:

- Palliative medicine

- Long term hospitalisation

- Gerontopsychology

- Services of the hospice

- Geriatrics

Physiology, balneology and manual rehabilitation treat-
ment

Department 2 - ambulance provide following services:

- Geriatrics
Diabethology, the disorders of the metabolism and
nutrition

- Balneology, physiology and manual rehabilitation treat-
ment

- General medicine

- Internal medicine

Department 3 - united diagnostic and therapeutic sys-
tem provides services:
- Medical informatics and biostatistics
Physiology, balneology and manual rehabilitation treat-
ment

Radiology

The horizontal structure of the Geriatric centre ena-
bles to use departments sorted into three different parts of
medical treatment:

1. Department of Geriatrics — focused on the provision of
diagnostic, therapeutic treatment and rehabilitation of
the patients older than 65 years, mostly with the heal-
th problems (cardiovascular, pneumatic, metabolic,
movement, neurological, psychical motoric and sensual
disorders) and those who requires a complex approach
due certain level of polymorbidity. The concept of the
geriatric care is to support, empower and improve the
health condition of elderly people and to enhance the
services of geriatric care.

2. Department of Long-term Hospitalized Patients — pro-
vides the medical treatment and care to patients whose
condition doesn’t require technically demanding dia-

gnostic and therapeutic procedures. This group of pati-
ents needs long-lasting treatment, care and rehabilitati-
on with everyday check-up.
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3. Department of Physical Therapy&Rchabilitation
— ambulant care is aimed on the diagnostic and thera-
peutic tasks in case of the disorders of functionality of
human motion systems. The main task is to keep the
autonomy of the patient to be self-sufficient in the home
or work environment. The basic activities for this thera-
py are — manual therapy, physical training, ergotherapy,
bath-therapy, massages, motion therapy, electrotherapy,
etc.

3. Walking is marked out by “regular” multiple repetiti-
ons of movements of body segments, step by step. Asa result
of this, the description of walking talks usually about what
happens in the course of a one step cycle, assuming that
the following step cycles are all the same. In this case it is
the so-called rational approximation that is conditioned by
a difficult analysis of movement taking place in a greater
space. Nevertheless, we have to take great variability that
can occur among different individuals into account or with
one and the same individual. Elementary spatio-temporal
parameters of a step cycle (Fig. 1) can be found while using
procedures that do not require complicated measuring
devices. This group of characteristics usually includes:

Cadence is defined by the number of steps in a standard
time unit (number of steps/min). Step length is given by
the distance between the same points on both feet (usually
between heels) in the double support phase. Stride length is
defined by the distance between two successive foot con-
tacts of one and the same leg. Walking base is the distance
between feet, usually measured from the heel centers. The
relative simplicity of measuring these parameters does not
downgrade them. However, it has a limited testifying value.
It doesn't inform us about the position of the segments in
the kinematic chain or the magnitude of the affecting for-
ces. The objective and complex assessment of locomotive
activities, including walking, requires simultaneous use of
more methods that serve for the determination of basic
kinematic and dynamic parameters completed by electro-
myographic examination of the muscle activity.

. Left step length 5 Right step length

ﬁtﬂMﬂL
Step wadih
Right foot angle H"

L Stride length ;

Fig.1: Basic spatio-temporal parameters of the step cycle.

Results

Prevention of falls depends on the causes and risk factos
and may include the following: exercise or physical thera
py identification and correction of hazards in the hom
environment, occupational and behavioural therapy, char
ges in medication, nutritional or vitamin supplementation
drug treatment (e.g., hormones), use of assistive devices t¢
help with balance and stability. Many conditions that ca
walking problems are only partially treatable, i.e., usua
people won't be able to walk as well as they did before.
goal of treatment is usually an improvement in function. C
course, this all depends on the number, type, and severit
of the conditions that are contributing to the walking pre
blems. Medical therapy can greatly improve some walki
problems as well as physical therapy can result in modest
improvements. Certain exercise programs can increase
king speed in older adults with knee arthritis, Parkinsons
disease, or stroke. Generally, the most consistent effects are
from programs that combine a variety of different exercise
such as leg resistance training, balance, and flexibility exer-
cises. Surgery can also result in modest improvement
people who have spinal disc problems or arthritis of the
knee or hip and also the products of orthetics and prosthe
tics can reduce walking problems. Other mobility aids such
as canes and walkers can take the load off painful joints and.
increase balance and stability. Footwear can also be easil
corrected. In one study of older men, shoes with thin, hard
soles provided better balance and surer footing than o
shoes, even shoes that were thought to be more co -
table (e.g., running shoes). In general, well-fitting walking
shoes help maximize balance and improve walking. [1
Physical exercises using a mechatronic device can develog
an improved gait pattern for elderly. So it is combined exer-
cise with physical and cognitive effects.

Project SMILING (Self Mobility Improvement in th
eLderly by counteractING falls) aims to develop a prote-
type of the modern rehabilitation system. The main targe
of the system is to improve stability and motoric functions
during the gait and to act as a tool for fall prevention f&
elderly people whose risk of falls is higher that in younges
population. SMILING project develops a shoe with moto
rised 4 buttons in the sole. The height of buttons is ch
ging after each step. In such way the patient has to ac
his balance and gait parameters to permanently chang
position of the sole. The patient is forced to change a
in ankle joint, but also in the knee and hip joints. [4]

210

LEKAR A TECHNIKA, Voi. 38, No 2, 2008




 CONFERENCE YBERC ‘08

Shoe
attachment

e

—— Base

b

Transmitter
Receiver Motors
Controller Sensors
Sower source

b

Téi Jr-éT ¢$&
a e A4

Fig. 2: Example of implementation of the wearable device,

iscussion and Conclusion

The paper describes walking problems with a risk of falls,
first results from the development of a dynamic shoe to
gait pattern of elderly in a physical and cognitive tra-
g procedure monitored by tools of human gait analy-
The research task is very complex and success depends
a good international cooperation of multidisciplinary

experts. Our specific role is work on the development of the
logistics in the Geriatric centre of St. Lukas in Kosice con-
centrating on an efficient assessment and treatment process
of seniors in cooperation with Human motion laboratory at
the Technical University of Kosice. This paper was created
as a part of work in project SMILING, 6FP and is granted
by EC.
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