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Do Equations for Predicting Peak Oxygen Uptake
from the Cycle Exercise Test Apply to Japanese Elderly Patients?
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Abstract Objective of this study was to examine the accuracy of predicting equations for peak oxygen uptake (VO2zpeax)
during cycle exercise test reported by the American Coliege of Sports Medicine (ACSM) in Japanese elderly patients.
Twenty-one elderly patients who complained of dyspnea during exercise at peak levels (50 to 200 W) were volunteered. We
compared measured VO, value and predicted VO, values based on two different equations (GETPS and GETP6). Our
result showed that the ACSM equations (especially GETP6) overestimated VO,.y values in Japanese elderly patients. In
conclusion, when these equations are applied to Japanese elderly patients, the possibility of overestimating VOjpey should be
recognized.

Keyword Peak Oxygen Uptake, Japanese Elderly Patients, Oxygen Uptake Predicting Equation, Cycle Exercise

1. INTRODUCTION

Measurement of oxygen uptake (VO,;) with a
cardiopulmonary exercise test provides an insight
into the exercise tolerance of a patient, which in turn
enables prescription of appropriate exercise therapy.
Decreased peak oxygen uptake (VOjpeqq), identified
by the cardiopulmonary exercise test, is associated
with various symptoms [1] and with mortality in
patients with heart failure [2]. Aerobic capacity
decreases at a rate of about 10% per decade in
sedentary people after the age of 25 [3-5], and
exercise testing is often used for diagnostic and
prognostic purposes in this population [6-9]. Some
studies involving cycle exercise indicated that the
cardiac response to performed work in elderly

patients was adequate same as that in young people
[10,11].

Although direct measurement of VO, is desirable,
the cardiopulmonary test 1is not particularly
patient-friendly; ‘elderly patients are distressed by
wearing a mask and breathing through a valve or a
filter. To resolve such concerns, the American
College of Sports Medicine (ACSM) proposed that
estimation of VO, be made using a simple equation
instead of the direct measurement of VO, [12]. The
accuracy of the ACSM equations had been examined
in healthy males {13] and females [14], and after that
a newly revised equation has been proposed [15].
Though, elderly patients with less activity might not
have the exercise capacity as same as active elderly



people. C
Recently, the newly revised ACSM equation was
reported to provide reasonable estimates of VOypeax
values at the peak exercise test work level in
American elderly patients with heart failure [16].
However, it is unclear that these equations suit for
Japanese elderly patients who have different
physical constitution. In this study, we examined the
accuracy of these VO, predicting equations in

> . .Japanese elderly patients.

2. METHODS
2.1, Subjeects

The subjects in this study were outpatients of the
Division of Cardiology, Chubu National Hospital.
Twenty-one elderly patients (14 males and 7 females,
mean age 72.24 + 6.40 years) who complained of dyspnea
during performed pre-exercise tests volunteered. The
physical characteristics of the subjects are shown in Table
1. The Ethics Committee of Chubu National Hospital
approved the experimental protocol. Voluntary written
informed consent was obtained from all patients.
2.2. Exercise test

Subjects were familiarized with the testing environment
and procedures during a screening visit. All exercise tests
were performed on an electronically braked cycle
ergometer (Examiner 400, Lode Medical Technology.
Netherlands) in a thermally controlled environment; the
room temperature and relative humidity were maintained
21- 24°C and 45-55%. There was 3 min of warming-up
with unloaded pedaling after 10 min rest. Then the
subjects performed a conventional exercise test. Each of
the tests consisted of a ramp protocol starting at 0 W; the
pedaling cadence was maintained at 60 rpm. The exercise
intensity was determined by the individual physical
characteristics of the subject as follows [17]: 5, 10, 15, or
20 W/min for males, and 5 or 10 W/min for females.
Heart rate, V-lead ECG tracings (BIOVIEW 2000, NEC,
Japan), and brachial arterial blood pressure measured by a
pressure transducer (UK801, Baxter, USA) were
continuously monitored during the exercise test. The
exercise test was terminated either when the subject
voluntarily discontinued or when they were unable to
maintain a pedaling cadence more than 40 rpm [18]. The
highest observed value of VO, was accepted as a reliable
measured VOjp.,x When a respiratory quotient was over
1.20. During the exercise period, the subjects respired
through a facemask with an adjustable air cushion.
Expired gases were monitored by an . automated
breath-by-breath system (Vmax29, SensorMedics, USA).
Minute ventilation, VO,, and VCO, were calculated as
whole-breath averages per each minute.
2.3 Prediction of VO,p.

Estimate of VO, values were derived from two
different regression equations, reported in the ACSM's
Guidelines for Exercise Testing and Prescription (GETP).

VO, gerps = 2 (work rate) IM+35 (1)
VOQ‘ getrs = 1.8 (work rate) IM+7 (2)

M is the subject's body weight, and these coefficients
of 2 or 1.8 are the cost of pedaling against an external

Table 1 Physical characteristics of the subjects.

Sex Age Height Body weight
[years] fcm] kgl

Male 71.57%£7.66 161.31£5.81 50.49+7.34

Female  73.57%2.51 148.23%6.11 50.17+8.59

Table 2 Comparisons of measured and predicted peak
oxygen uptake.

Sex Measured GETP5 GETP6
Male 14.68+4.82 20.15+7.44 21.99+6.70*
Female 15.88+2.57 20.84+3.22*% 22.60+£2.89**

* 1 p<0.05, ** : p<0.01, difference from measured value.
Values are expressed as ml/kg/min, mean + SD.

Table 3 Correlation coefficient between measured peak
oxygen uptake and predicted values.

Sex "GETP35 GETPS6
Male 0.85 0.85
Female 0.32 0.32

vs. measured peak oxygen uptake

Table 4 Correlation coefficient between weight, peak
workload and the error of the predicted peak oxygen
uptakes.

Sex GETPS GETP6
Mal weight 0.40 0.39
ale peak workload 0.84 0.77
Female weight -0.14 -0.10
peak workload 0.96 0.94

load. GETPS equation (1) has been in use for

approximately 20 years. GETP6 equation is a revised
equation that is based on recent studies; the GETP6
equation was produced in order to limit the inaccuracies
in estimations of VOyp., values that were considered to
arise with use of the GETPS5 equation [15]. VO, value is
normalized by body weight and the VOj,. value is
estimated as a VO, value at the peak exercise work level.
2.4 Statistical analysis

One-way ANOVA was used to analyze differences
between the measured and the predicted VOgpqx values.
Significant F values were followed up with Scheffe's post
hoc tests. The relationship between the measured VOjp..
value and the two predicted values was assessed using
Pearson's correlation coefficient. A value of p < 0.05 was
considered statistically significant. Single regression
analyses were used to assess the strength of the
relationship between the measured VO, value and the
predicted VOgp.. values obtained from the GETP
equations. :



3. RESULTS

The mean measured and predicted VOageq values are
- given in Table 2.

Comparison of VO, values derived from either
direct measurement or use of the prediction equations
indicated that the results by vse of GETP6 significantly
overestimated the'VOzpm values in both sexes (Table 2).

The VOi,eaxceres values were significantly higher than
the measured values (p<0.01) in both sexes. The error
between the measured and the predicted Vincak values
tended to increase with the value of the peak workload,
but did not significantly correlate with body weight
(Table 4). ' .

There were strong correlations between the measured
and the predicted VOg, values in males, but no
significant correlation in females (Table 3). For the
GETP5 equation, the regression equations were as
follows: measured VOjpeax = 4.72 + 0.52 X VOypean geTes
(r = 0.85) for males, and measured VOypca = 10.58 + 0.25
X VOipeax.ceres (r = 0.32) for females (Fig. 1). For the
GETP6 equation, the regression equations were as
follows: measured VOqpex = 1.49 + 0.58 X VOqpeax gETRS
(r = 0.85) for males, and measured VOgyppsy = 9.48 + 0.28
X VOypeax.geTrs (r = 0.32) for females (Fig. 2).

4. DISCUSSION

Since there is less risk of falling during exercise testing,
cycle ergometers are relatively inexpensive, require little
space, are easy to handle, provide body weight support,
and are safer than treadmills. These advantages are all
important when elderly people perform a exercise test.
The aim of this study was to examine the accuracy of
predicted VOag. values for cycle ergometer exercise in
- Japanese elderly patients. We compared directly measured
VOjpeax value with two ACSM equations (GETP5 and
GETPS6). Our result showed -that the ACSM equations
(especially GETP6) overestimated VOj,. values in
Japanese elderly patients.

The VOjpeu value predicted by GETP6 differed
significantly from measured value in both sexes. Using
the GETPS equation, there was a significant difference
between measured and predicted VOqpe,y values in females,
but no significant difference in males. We consider that
this overestimation was caused by the low correlation
between body weight and the value of peak workload
(male: r=0.62; female r=-0.18). In general, peak workload
and body weight show a correlation. However, there was
no correlation between body weight and pecak workload
and there was no significant correlation between
measured VO2peak and predicted values, especially in
females. These uncorrelated relations might have
caused overestimation.

Another reason of the overestimation might be body
weight. In the report about the accuracy of the ACSM
equation in American healthy males 19-39 year of age, the
mean body weight of subjects was 78.2kg (range:
53.8-118.8kg) [13]. In the other report in young female,
the mean body weight of the subjects was 62.7+8kg {14].
The body weight of our subjects was lower than that of
those reports. Body weight of Japanese elderly patient,
that is, the values of the denominator in ACSM equations
were small. It was consider that body weight was one of a
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factor effect on accuracy of ACSM equations, though the
body weight of the subjects in our study were comparable
to the mean body weight reported for the Japanese
population {24].

The subjects continued exercise till the RQ value was
over 1.20 and the measured VOg,,, values were similar to
previously reported values [16]. However in this study the
error of VO;,.,x values were increased with increase of
the workload, that is, VO, values did not increase with
peak workload. There was a possibility that this
uncorrelation was another reason of the overestimation.

Those findings in our study suggested that the methods
for predicting VO, value need to be revised when it is
applied to Japancsc clderly patients, especially females.
When ACSM equations are applied to Japanese elderly
patients, the possibility of overestimating VOape value
should be recognized.



5. CONCLUSION :

In this study, we examined the accuracy of two VO,
value predicting equations proposed by the American
College of Sports Medicine in Japanese elderly patients.
Our results showed that in Japanese elderly patients the
ASCM equations overestimated VOgp. Vvalue. The
equations for predicting VOjp..x value need to be revised
when it is applied to Japanese eiderly patients, especially
females. In conclusion, when these equations are applied
to Japanese elderly patients, the possibility of
overestimating VOy,..x value should be recognized.
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L. INTRODUCTION

In the clinical situation of the home care, 24 howrs
continuous monitoring of the health condition is
necessary to prevent the disease of the subject became

serious [1]. However, traditional medical monitoting -

system is very expensive, and very difficult to use for the
elderly. Therefore, we have been proposed several
biomedical measurement systems [2]-[4], which are

- implemented to the wall, ceiling, bed or fumiture. These
measurement systems can acquire several kind of
information from the subject in the daily life, and they
are not necessary to operate by subjects..In this paper we
describe the sheet matrix thermometer. »

II. MATERIAL and METHOD
As shown if fig. 1 and 2, we developed the sheet
matrix thermometer. This matrix thermometer has 512
IC type thermometers, and all thermometers are
connected serial. This matrix thermometer is
waterproofed and inserted between the bed and sheet.
Typical data is shown in fig. 3. Since the continuous
measurement of the body surface temperature, we can
diagnose the health condition of the subject, using the
matrix thermometer. In addition, 'we can know the
posture in the bed and the illegal getting up of the
- dementia patient.

Fig. 1 Sheet Matrix Thermometer

PC

Pillow
Bed

32

Fig. 2 Structure of Matrix Thermometer

Fig. 3 Typical Data of Temperature in a Bed

However, real-time measurement of the posture is
very difficult, because response of the temperature is
sometimes very slow. Therefore, we propose the method
to assume the posture, using image processing.
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Center of Gravity

Temperature

Time Series Monochroma Image

Fig. 4 Concept of Estimation of Posture in

The procedure of the processing as follows;
1. Reconstruct. monochrome 1mage from data of
temperature.
2. Calculate the center of gravnty of the image.
3. Set the brightness of the image at the center of
gravity to the index.
4. Assume the posture using time series of the mdex
and the center of gravity. :
The center of gravity will be moved and the index will
not be changed when the posture is changed. The center
of gravity will not be changed and the mdex will be
decreased when the subject get up.

III. EXPERIMENT
According to the suggested method, we had some
preliminary experiment. Temperature of the body surface
was observed about two degree lower than temperature
"of body on the average. We tried to detect the change of
the posture and getting up. As shown in table I, we could
detect almost events in three times of trial. Especially,
we could detect all events of getting up.

Table I Result of Experiments

Posture Posture Getting Up
. Change A - Change B
Subject A Detect Detect Detect
Subject B Detect Not Detect  Detect
SubjectC  Detect Detect Detect

* The threshold was heuristically determined

IV. DISCUSSION

As the result of the experiment, we could detect the
getting up of the subject from three frames of data. These
data are corresponds to data of one minute, We consider
that one minutes is enough short to prevent the accident
like falling.

In this time, we determmed the threshold for
estimation of posture heuristically, because the result

depends on external factors such as environmental
temperature. We should find the technique for excluding
the influence of these external factors, in the future.
Especially, sometimes center of gravity will be located.
on the outside of body, because exposed palm or ankle
shows higher temperature. To resolve this problem, we
should find new method that combmes other mfoxmanon
of image.

In addition, we could measure. the posture of the
subject using this thermometer, even if we do not use
video camera, Therefore,  we could measure the
temperature and posture of the subject from outside the
house via the Internet protecting privacy.

Y. CONCLUSION

We developed the sheet matrix thermometer We can
measure not only the body surface temperature but also
posture in the bed. In addition, we proposed the method
to detect the change of posture. As the result of

. experiment, we could detect the getti_ng up the subject.
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Abstract 1 A simple telecare systém for home rehabilitataion
using mobile phone has been developed. The system consists of
a sensory system for the home and a viewer system (PDA) for
the therapist. A TCP/IP network using various physical
communication infrastructures connects the sub-systems In
the sensory system the heart and respiratory rates were
measured and stored every one minute. Obtained data are
transmitted to  therapist PDA via mobile phone
communication. Five bed-fasten patients were performed the
test and the therapist could receive vital data subjects’ health
status remotely, anywhere and at any time.

I. INTRODUCTION

Advances  in Information Technology  and

Telecommunications (ITT) have played a catalytic role in
recent developments within the field of Assistive
(Rehabilitation) Technology, facilitating the introduction of
new products and services. The importance of ITT to
elderly people cannot be over-stated. As well as everything
else that a personal computer (PC) user takes for granted in
this electronic age (communications and health information
through the internet, smart houses and other applications.),
an elderly person must also handle the PC as an ordinary
telephone or mobile phone,
To avoid a complex handling of PC resulted in very
restricted access to today's services and facilities, we have
been developed a tele-health care for home rchablhtatlon
without PC. .

Rehabilitation by a home-visiting therapist plays an
important role in home health care, as the service decreases
the physical work load and risk on the part of patients who
visit the hospital. The visiting therapist can also arrange
exercises suitable for residential life. Post-exercise
observations are also important. Therapists can ensure that
patients are not over exerting themselves with the exercises
and they can plan for, and evaluate, long-term rehabilitation
schedules. At each observation, therapist acquires basic
health data such as post-exercise heart-rate, respiratory rate,
and blood-pressure. These diagnostics can be easily
performed in a hospital setting. However, in home-visit
rehabilitation, a therapist must usually visit a number of
homes, making on-going information collection more
difficult. While therapists can interview the subject or the
subject’s caregiver by telephone, the information collected
is not quantitative.

For reasonable and effective operation of home-visit
rehabilitation, a system that can monitor subjects’ health
remotely is essential. We have developed a system that uses
mobile terminals to help with home-visit rehabilitation. The
system allows a nomadic home-visit therapist to acquire
subjects’ health status remotely, anywhere and at any time.

1. METHODS
Figure 1 show the system structure.. The system consists
of a sensory system for the home and a viewer system for
the therapist. A TCP/IP network using various physical
communication infrastructures connects the sub-systems.

mattresg\

theta

{? i MIEM.,,

Mobxle phone j/’(;:)d ‘

Changzn in air pressure

Sensor

Analyzed data
(HR and RR)

Figure 1 System structure

" A.  Home-side sensory system.
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The home-side system consists of an air-filled mat, a
sensory and analysis unit, and a bridge unit that handles
connections. When a subject lies on the mat, the mat senses
pressure from the subject’s respiration or heartbeat.

Heartbeat or respiration disturbances have robust
frequency characteristics, with a relatively low frequency
in relation to environmental noise. Thus, by applying an
appropriate filter, readings can be extracted to estimate
respiratory and heart rates.

The analysis unit (Bio-Sensor Node BN-6, Yokogawa
Electric  Corp.) continuously  monitors  pressure
perturbations with a pressure sensor and estimates rates for
predefined timeframes. Estimates are stored in a built-in
web server system in HTML format, accessible via an
integrated Ethernet interface. An embedded microserver
unit (OpenBlockSS, Plat Home Inc.) serves as the bridge
unit.,

In communication line, we decided to employ a wireless
network using mobile phone terminals for both ends of the



connection. A wireless network also resolves the issue of
cost and responsibility, since hospitals would not have to
provide phone terminals. In our system, a mobile phone
modem (MobileDP 2496P, NTT DoCoMo Corp.) connects
the bridge unit and a mobile phone.

B. Therapist-side viewer system

Therapists would access the home-side sensor node to
browse a subject’s status and could quickly check various
patients. To track or record long-term transitions in health
status, the system would have to store and arrange acquired
information. '

Since therapists do not necessarily have expert computer
knowledge, the viewer system should have a simple
interface that does not require special knowledge for setup,
browsing, or reporting. We therefore developed a viewer
system using a personal digital assistant (PDA) and a
mobile telephone. Today’s PDAs have web access via
popular web-browser interfaces, as well as simple text-
editor functions suitable for making reports. An infrared
modem links the PDA and-the mobile phone.

C. Subjects :

We operated the system in real patients’ homes -to -

evaluate its potential. We conducted the testing in Miyazaki
Prefecture, Japan. A therapist. from Fujimoto Hayasuzu
Hospital and five residential patients joined in the
experiment. Prior to the experiment, the hospital’s ethics
council ensured that the patients and their families had
given both oral and written informed consent.

The system was placed in a briefcase for easy installation.

only to plug in to start or stop the system, the time and cost
for installation and maintenance were appropriate for our
needs. Patients also approved of the system’s compact,
silent, and non-constraining nature. Patients especially
valued the non-constraint. Unlike systems that require
patients or their caregivers to set up complicated devices,
our system merely had patients rest on their bed or futon.

We used a personal digital cellular (PDC) mobile
telephone for data transmission. The phone requires a
relatively low bandwidth (9600 bits/sec), and since we had
limited the information sent to less than 50 kilobytes,
transmission took a maximum of one minute to download.
Recently, bandwidth for mobile phones has been improving.
For example, wide-band code division multiple access (W-
CDMA) has 384 kilobits/sec of bandwidth. Thus, it is
possible to provide faster access. By providing data via web
interfaces, the operations for browsing and editing results
were easily understood by user. With each measurement,
the therapist could confirm that the patients had not suffered
overloading shock from the exercises. Also, the logged data
showed that patient status safely transitioned back to
normal following exercise. The exercise training loads for
both patients proved appropriate. While it is difficult to
evaluate post-exercise transitions by interviews, our system
can provide quantitative information for evaluation.

The quantitative data can be used not only for training
evaluation but for preventive medicine and quality control
of home-visit rehabilitation services through long-term

- observations. Our test alos suggest the efficiency of low-

Prior to the experiments, the therapist was given brief -

instructions on system installation and use. After the
training, the therapist could install the system in five
minutes.

The therapist used the PDA system to measure heart and
respiratory rates anywhere and anytime the therapist wants.

IIL. RESULT

Figure 2 shows a typical examples of data. Each operation
took approximately 2 minutes, including about 40 seconds
for HTTP data transmission.
malfunctions caused several lost connections, the system
recovered easily by reloading via the web browser. The
therapist used each measurement to check the patient’s
stability. Results were stored in a text document on the
PDA to log transitions in the patient’s status. Figure 6
shows the measurement results. In each case, although heart
and respiratory Tates increased immediately after training,
the increased rates were considered safe and the subject
recovered in 30 minutes.

IV. DISCUSSION
In all five cases examined above, the system
successfully obtained data on patient status. Because we
simplified the system structure so that the therapist needed

Although Tradio wave -
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bandwidth, which cari provide an ubiquitous framework for
home health care use.
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Figure 2. A typical example of the HR and RR
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Abstract— A Home Helper support system has been
developed for improving care efficiency. The system consists
of a conventional telephone at care-requiring client's homes,
a server computer at the Home Helper office and a Java
mobile phone for each Home Helper. The care requests are
sent from care-requiring clients to the server computer by
voice via a comventional telephone. The computer
automatically tramsfers the information to the Home
Helper’s Java mobile phone by e-mail. The Home Helper
can check their requests by voice before visiting. This
newly-developed support system is easily operated by care-
requiring clients.

Keywords—Home - Helper, Java mobile phone, Care
efficiency, Communications. .

{. INTRODUCTION

A long-term care inéurénéc law for care-requiring
clients was put in force four years ago. The Home
Helpers are employed by hospitals, care companies or the

welfare office, and are sent to the homes of care-requiring ’

clients to provide home welfare and care services such as
cooking, bathing, washing, cleaning, shopping, etc. The
Home Helpers are required to make their reports on the
computer at the employment office after the care visits.
This process requires a significant amount of time and
extra travel. We recently reported the development of the
web-based Home Helper support system using wireless
Internet mobile phone service [1,2]. The system can send
care reports directly from the care-requiring client homes
to the office server computer via Internet. However the
care items, which are scheduled for one month before the
care visit, are often changed suddenly by request from the
care-requiring client, and the Home Helpers need to know
these changes as soon as possible,

In this study, we developed an Intemet Java mobile-
based “"home helper" support system, which enables
faster communications between the care-requiring clients,
care manager and the Home Helper for improvement of
care efficiency.

I1. SYSTEM DESCRIPTION

Figure 1 shows the overall Internet Java mobile-based
“Home Helper” support system. The system consists of a

83

conventional telephone at the care-requiring client’s home,
a server computer at the Home Helper office and a Java
mobile phone for each Home Helper. The care requests
are sent from -care-requiring clients to the server
computer by voice via a conventional telephone. The
server computer employs a computer telephony board
(CT board) as a telephone interface. The CT board
detects the name of the care-requiring client from their
telephone number. The server computer records the care-
requiring client’s voice by a method similar to an
answering machine and automatically stores the request
as a wave file for 30 s. Then the information transfers to
the Home Helper’s Java mobile phone by e-mail. The
Home Helper accesses the server computer with the Java
mobile phone, and the request is confirmed by voice via
the server computer before visiting. .

Telephone

Server computer

- Client’s home

Internet

-Fig. 1 The overalil [nternet Java mobile-based
“Home Helper” support system.



. SYSTEM EXPERIMENTAL TRIAL

Figure 2 shows the experimental trial system for
measurement of communication time from conventional
telephone at care-requiring client’s home to the Home
Helper’s Java mobile phone. The mobile phone used is an
i-Apri (F503i, NTT DOCOMO Japan). The server
computer used is a conventional Pentium I 1GHz
Windows computer with 512 Mbyte memory, 40 Gbyte
HDD and 100 base-T Ether LAN adapter. The
communication time after the called request was recorded
for 24 hours at intervals of one-hour, as often the
communication time is influenced by congestion - of
intemet communication. The recorded time contains the
voice recording time of 30 seconds.

Telephone

y/ A \

Internet NTT-OCN
(Standard 1.5Mbps)
Real speed 100K bps

Java mobile phone

Fig. 2 The trial experimental system over view.

IV. RESULT

Figure 3 shows the communication time, except far
the 30 second voice recording period. The maximum and
minimum communication times were 54.3 seconds and
9.3 seconds, respectively. The average communication
time was.20.8.seconds. The server computer. takes only 1

g g—

second to create the file. Therefore, this system can create
the file and transfer the information in almost real time. It
must also be considered that the communication time
range was influenced considerably by the congestion
conditions of the telephone and internet systems, which
vary with time of day.
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Fig. 3 The communication time recorded for 24 hours.

V. CONCLUSION

The developed system consists of standard telephones,
Java mobile phones and a desktop computer, and does not
require any specialized equipment. The care-requiring
clients can easily operate the developed system and send
their requests to the Home Helper and care manager via
the server computer at any time, day or night. Therefore,
the system improves care efficiency by enabling faster
communications between the care-requiring clients, the
care manager and the Home Helpers.. ‘
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Investigation of the influence of floor material
on standing-walking motion in hemiplegic patients
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Abstract

Kanazawa University

In this study, we attempted to evaluate the influence of floor material on sfanding and walking in

hemiplegic patients. A triaxial accelerometer was fixed on the subject's back to measure the body motion during
standing and walking. 11 patients executed the modified TIME UP&GO TEST on two different floor materials
including wooden flooring and carpet. After recordings were done, the acceleration signals were divided into
movement and postural components using the high- and low-pass filters, respectively. As a result, the non
independent patients spent much time for standing and walking on carpet compared to wooden flooring. Therefore,
it was suggested that the body motion was influenced on the floor material.
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Fig.1 Typical examples of movement components (Acc) and
postural components (Ang) in a lefi-hemiplegic patient who
could walk independently. X, Y and Z indicates the
anteroposterior, lateral and vertical directions, respectively.

Table | Mean and standard error of the evaluation parameters
for independent-walking patients group
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Fig.2 Typical examples of movement components (Acc) and
postural components (Ang) in a-right-hemiplegic patient who'
could walk -under surveillance. X, Y and Z indicates the
anteroposterior, lateral and vertical directions, respectively.

Table 2 Mean and standard error of the evaluation parameters
for non-independent—walking patients group
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ApEn 0.19%0.01 | 0182001 _ ApEn 021002 | 02120.02
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of the telemetry acceleration monitoring system
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Abstract  The aim of this study is to develop the telemetry acceleration monitoring system. In this research,
we developed the telemetry system to evaluate the action of the subject to use an accelerometer. We designed the
system with low power consumption and we evaluated battery life. The system must be small, light and able to be
worn without discomfort. The monitor consists of accelerometer, CPU and transmitter that the acceleration
waveform to a receiver. The monitor is 7x4x1.5 cm in size and 50 g in weight. The system was designed to operate
without doing any complex setting. The tri-axial acceleration sensor was used to measure the movement of the
subject. The acceleration waveforms were converted to digital data in 10-bit resolution. The received data were
transferred to the personal computer using a RS-232C interface. The developed system was attached to the younger
healthy subject, and the mimicking fall was carried out. The zero gravity could be observed around 100 to 200 ms
before falling down completely. As a result of the evaluation, we found that the detection time was too short to

prevent the falling injury.
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Fig.1 The experimental setup of developed system.
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Fig.5 The acceleration waveform of imitation fall.
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Table I The average in the period of falling of each subjects.

Subjects | Average Time[ms] SD
A 102 34 -
B 78 47
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D 224 12
E 123 , 4
F 185 _ 66
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Abstract

Continuous monitoring is necessary for health control in the home. However, monitoring systems are

always large and are too complicate to use. In addition, users must take it any time. We have proposed the small fall
monitor, which did not obstruct the behavior, using accelerometer. In this paper, we proposed a new type of
mounting method. We construct the measurement system, using flexible circuit board, and attached the system to
the body surface, using biocompatible film. As the result of the experiment, this system can acquire the signal,
which reflects the body movement, in comparison with the system, which we proposed before.
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Abstract— In this study, we evaluated the influence of floor
materials on standing and walking in hemiplegic patients. To
monitor body motion during standing and walking without any
constraint, we used a measurement system that consisted of an
accelerometer device, a telemeter system, and a personal
computer. The posture angles in the antero-posterior and
lateral directions were calculated from the low frequency
component of the acceleration signal to evaluate body motion.
Experiments were performed with six poststroke hemiplegic
patients. We modified the TIME UP & GO TEST introduced
by Podsiadle. The patients executed the task on three different
floor materials: wooden flooring, linoleum, and carpet. The
posture angle pattern on carpet differed from those on wooden
flooring and linoleum. Therefore, the floor material influenced
body motion. We suspect that this difference in movement
corresponds to the hardness of the material.

Keywords— floor material, hemiplegic paticnts, standing,
walking, body motion

I. INTRODUCTION

To compensate for the decline in walking ability in
poststroke hemiplegic patients, an ankle foot orthotic (AFO)
is used to secure clearance during the swing phase, to
increase the stability of the foot joint, and to conirol the
knee joint during the stance phase. However, patients claim
that it is difficult to walk under some situations, even when
wearing the AFQ, i.e., in some environments the AFO does
not play a major role. Several floor materials are used
indoors in hospitals and nursing homes, including wooden
flooring (hereafter referred to as flooring), linoleum, and
carpeting. These materials influcnce the standing and
walking environment, We need to evaluate how the ease of
walking depends on the floor materials.

In this study, we evaluated the influence of floor
material on standing and walking in hemiplegic patients.

II. METHODOLOGY

A. Measurement system

The measurement system consisted of an accelerometer
device, a telemeter system (Nihon Kohden Co, Japan), and a
personal computer (PC) to record body motion during
standing and walking with no constraints.

The accelerometer device included a tri-axial piezo-
resistive accelerometer (Akcbono Brake Co, Japan),
amplifiers, and low-pass filters. Its dimensions, weight,

measurement range, -and frequency band were 30x40x%20
mm (WxHxD), 20 g, +2 G, and 0-100 Hz, respectively. The
device was attached to the back in the lumbosacral region.
The transmitter measured 128x80x280 mm and weighed ca.
300 g. The subject carried the accelerometer device and
transmitter during measurements. The acceleration signal
was recorded on the PC at a sampling frequency of 256 Hz
via the receiver.

B. Experimental design

The experiment was performed with six poststroke
hemiplegic patients and one normal subject.

We modified the TIME UP & GO TEST introduced by
Podsiadle as the task. The details of the task were as
follows:

1. We placed two chairs with armrests 3 m apart.

2. The subject sat on a chair (46 cm in height) with his/her
hands on the armrest.

3. The patients stood up on the GO sign and walked
toward the other chair at their own speed, using a cane
and a plastic AFQ that was used during physical
training.

4, After practicing the task once, a recording was made.
The patient executed the task on three different floor

materials: flooring, linoleum, and carpet.

After the recording, the low-frequency components of
the acceleration signals were extracted using 8th order
Butterworth filters with a 0.5-Hz cutoff frequency. The low-
frcquency components were used to estimate the posture
angles, since the accelerometer measured the gravitational
acceleration as DC.

This study was approved by the ethics committee of
Fujimoto Hayasuzu Hospital. We explained the aim and
procedure of the experiment to each subject and obtained
written informed consent.

III. RESULTS

The posture angles are shown in Figs. 1 and 2. Fig. 1
shows a typical change in posture angle from sitting to
walking il a normal subject. No significant difference with
different floor materials was observed in thé antero-posterior
or lateral directions.

The typical examples of the posture angles in the antero-
posterior and lateral directions in a right hemiplegic patient
are shown in Fig. 2. The changes in angle pattern in the
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Fig.1. Typical examples of posture angles in the normal subject. , The
positive values in the anteroposterior and lateral directions indicated
the backward and the leftward tilt, respectively.

antero-posterior direction were similar on linoleum and
flooring. During the transition from the sitting to the
standing phase, the posture gradually inclined forward with
several peaks. The subject inclined forward and maintained
that angle. The posture in the lateral direction during
standing differed on flooring and linoleum. The change in
angle on linoleum was larger than that on linoleum. During
walking, these angles fluctuated around a specific value in
both cases. The normal subject maintained a forward angle
during walking (blue line in Fig. 1), while the hemiplegic
patient could not. The patient maintained a little forward tilt,
which fluctuated periodically..

By contrast, the posture angles on carpet differed
completely. The patient began the standing motion with a
backward movement. Then, rapid forward movement was
observed. These movements were not observed on flooring
or linoleum. The change in posture angle was forward in the
anteroposterior direction after that time. At the end of
walking, the posture angle in the anteroposterior direction
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Fig.2. Typical examples of posture angles in the hemiplegic patient.
The positive values in the anteroposterior and lateral directions
indicated the backward and the leftward tilt, respectively.

decreased and then recovered rapidly. The patient kept the
center in the lateral direction through the task.

1V. DISCUSSION

The center of gravity in the standing position is located
near the sacrum. In this study, an accelerometer device was
attached near the center of gravity. The posture angle
estimated from the acceleration signals during standing and
walking on carpet differed from those on flooring and
linoleum, suggesting that the movement of the center of
gravity depended on the floor material.

We believe that this difference in movement
corresponds to the hardness of the material. Floor material
with a high degree of hardness can provide a sufficient
reaction force to control the basic functions of the AFQ. The

- hemiplegic patients could control their movements easily on

flooring and linoleum, since they are harder than carpet.
The patient used a small counter-reaction at the
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