
Abstract—Fall accidents among elderly are costly for the
society. Gait and balance are reported to reflect best the
risk of falling. We recorded gait and balance properties of
15 patients with neurological disease, 20 elderly and 19
young adults. During the Berg Balance Scale test and walk
test we collected kinetic data with wearable 3D
accelerometers. Results showed significant differences
between different subject groups in features calculated from
the accelerometer signals. We found that accelerometer
signals collected during the walk test could be used to
discriminate between subject groups divided according to
their Berg Balance Scale score.

I. INTRODUCTION
HE ratio between senior citizens and working age
people will become and already is challenging in

many countries. Supporting elderly people to live longer
at home have has benefits for the citizens themselves and
for the social and health care system. Our interests are on
creating new service concepts utilizing technology for
elderly users.

Fall accidents are a significant problem among elderly.
Accidents could be decreased and possible help could be
provided using technology. There are indications that
balance and gait problems are the most significant
independent factors to indicate the probability of future
fall accidents [1]. There are also signs that by evaluating
and treating several risk factors of falling we would have
the best effectiveness to prevent becoming falls leading to
fractures and lower costs of the social and health care
system caused by fall accidents. [2]

By collecting the person’s kinetic data (e.g. with
accelerometers) several gait parameters can be determined
[3], and balance of a person can be estimated [4]. We
selected three different groups (patients with neurological
disease, elderly people, and young adults) to participate in
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the study in which they performed a Berg Balance Scale
test (BBS) [5] and a short walk test, during which we
collected person’s kinetic data. For example, Lajoie et al.
showed that cut-off score of 49 in the BBS result could be
used to distinguish between community-dwelling elderly
fallers and non-fallers [6].

After the tests we interviewed participants about new
services related to fall accidents and technology. Our
objective was to find suitable technological solutions for
identifying possible problems in balance or gait in the
home environment.

II. METHODS

A. Balance and gait material collection and analysis
The study was accepted by the ethical committee of the

Pirkanmaa hospital district. The test protocol started with
Berg Balance Scale (BSS) test which was explained to the
participants and evaluated by a physiotherapist. The BBS
test includes 14 small tasks (see Table 2, sitting
unsupported is left out) which are normally present in
daily activities such as retrieving object from floor or
sitting to standing transition. After the BBS test the
participants walked in a corridor 10 to 20 meters back and
forth in their own pace and with their preferred footwear
During the walk test gait realted data was collected.

The same physiotherapist evaluated all the participants
and the tests situations were as identical as possible. The
test location was set up as convenient for the participants
as possible. For example, the patients participated in the
tests in the hospital during their hospital visit and the
elderly group took part in their living facility’s gym or
meeting hall.

In the BBS’s instructions there is a rough
discrimination in 3 different outcome groups; 0-20 points
(weak), 21-40 (average), and 41-56 (good). The result
could indicate how much a person needs support
her/himself physically (wheel chair bound, walking with
assistant, or independent). We did not have many
participants with the BBS score under 20 and we divided
participants into three groups for the analysis; less than
40 points (group 1), points between 40 and 49 (group 2),
and over 50 (group 3).

 During the tests we collected kinetic data with two 3D
accelerometers (8 bit, 75Hz, Alive Heart Monitor, Alive
Technologies, Queensland, Australia); one attached to the
person’s lower back (lumbar spine) as in [3] and the other
to a location which the person him/herself preferred as in
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Fig. 1 (alternative locations were on the upper arm, in the
trouser pocket, on the hip, or on the chest hanging from
the neck). In addition to this, an Omron Walking Style II
pedometer was used during the walk test placed in the
same location as the alternative accelerometer and a video
was recorded for later analysis.

 During the tests a researcher marked with computer
software each task’s starting and ending moment [7].
These entries were checked manually afterwards to assure
their correctness.

We processed the accelerometer signal to find out
differences between the three subject groups and between
the different BBS results. Mean, minimum, maximum,
standard deviation, root mean square (RMS), and absolute
difference (difference of maximum and minimum) were
calculated from the magnitude of the signal’s resultant
during the marked annotations. In addition to this, the
power from 1.5 Hz to 2.5 Hz frequency band was
calculated during the walking.

 The Spearman correlations between different sensor
locations were calculated for each parameter over the
whole test protocol and solely during the walking.
Variables were calculated with 2 seconds window using 1
second overlap between the windows. The shortest

task/annotation lasted about two seconds.

B. Interviews
After the tests we interviewed the participants about their
general technological experience and important qualities
for possible new services utilizing technology (list of
qualities were provided and the subject was asked to select
three most important ones, see Table 5). Furthermore
information was collected from personal health behaviour,
experiences with fall incidents, and personal opinions
about financing of possible new services. The interviews
were recorded.

III. RESULTS

A. Subjects and material collected
Fifteen patients, 20 elderly persons and 19 young adults

participated in the study (Table 1). Seven of the patients
had diagnosis in celebrovascular diseases (ICD-10 I60-
I69), one in injuries to the head (ICD-10 S00-S09), one in
inflammatory disease of the central nervous system (ICD-
10 G00-G09), and six in diseases of nervous system (ICD-
10 G20-G26), of which the most had a Parkinson’s
disease.

We lost one person’s accelerometer data from each
group due to technical problems. Total duration of
accelerometer data from the lower back is 26 hours and
25 minutes.  Two pedometer readings were not gained.

Participants according to the BBS score were
distributed following: ten persons in group 1, ten persons
in group 2, and 31 persons in group 3.

B. Data during the Berg Balance scale test
Table 2 shows significant differences between the three

groups in all the BBS’s tasks for calculated variables from
the accelerometer signal. Fig. 2 describes RMS variable
value distribution during the standing unsupported task
for each group. Difference is visible between the elderly
people and the other two groups.

Standard deviation differed between the BBS group 1
and group 2 in sitting to standing, transfer, and retrieving
objects from floor tasks (P < 0.01). Also minimum and
standard deviation values during the standing on one leg
task differed significantly between group 1 and group 2 (P
< 0.01).

C. Data during the walk test
Table 3 presents differences in accelerometer signal

during the walk test which was performed after the BBS
test. Variable values during the walk test seem to differ
systematically between the different participant groups,
and between group 1 and group 3. However, these
variables do not differ with P value less than 0.01 between
group 2 and group 3. In Fig. 3 is a box plot of the
frequency variable between participated groups.

D. Correlations between different locations of the
sensors
Table 4 presents average Spearman correlations for

Fig. 1: alternative locations of the different sensors during the Berg
Balance Scale and walk tests

TABLE 1: SUBJECT'S BACKGROUND INFORMATION AND ALTERNATIVE
SENSOR LOCATION SELECTION COUNT (THREE MOST POPULAR)

    Participant
             group

Feature

Patients Elderly
people

Young adults

Age
average
(range)
[sd]

55.2
(40-68)
[7.3]

76.8
(67-87)
 [5.6]

27.5
(36-21)
 [4.4]

BMI
average
(range)
[sd]

 28.0
(40.3-17.6)
[7.1]

26.3
(33.0-19.1)
[3.9]

23.0
(18.2-28.4)
[2.7]

Male/Female 7/8 4/16 9/10
Berg Balance
Scale
average
(range)
[sd]

45.7
(56-16)
[10.6]

45.9
(55-33)
[6.8]

55.9
(56-55)
[ 0.2]

Alternative
sensor
location

trouser
pocket=1,
upper arm=4,
chest=9

trouser
pocket=3,
upper arm=2,
chest=15

trouser
pocket=14,
upper arm=3,
chest=1



each parameter between the reference (lower back) and
the alternative sensor locations (trouser pocket, the upper
arm, or the chest). These were the three locations which
the participants preferred the most for placing the sensor.

 We calculated correlations during the whole test
protocol and solely during the walking. Fig. 4 presents
Bland-Altman plot of standard deviation variable during
the walk test. It shows that sensor located in a trouser
pocket overestimates standard deviation with the bigger
values and underestimates with the smaller values.

E. Interviews
Nineteen out of 20 elderly people responded to

interviews. Sixteen persons had experienced unpleasant
fall accidents (seven reported injuries caused by a fall).
Ten said that the fear of falling does not restrict their
daily activities. However, eight reported reducing
activities outside due to the fear. Seventeen said that their
living environment felt safe to move around. Eleven could
or would use technology-based solutions to gain help in
fall risk management. Table 5 lists the most important
qualities a technology-based instrument should have
according to all the interviews.

All patients agreed to be interviewed. Nine had

experienced a fall most likely related to their medical
condition (two with a more serious fall accidents). Six felt
the fear of falling restricts their daily activities. However,
all the participants considered that their interior living
environment was safe doing daily activities. Eight could
use technology in fall risk management related issues.

IV. DISCUSSION

We tried to find out value of using the 3D
accelerometer signal when measuring balance and gait of
a person with a wearable sensor. We compared calculated
variables from the signal between the different participant
groups (patients with neurological disease, elderly people,
and young adults). We also compared the variables
between different Berg Balance Scale (BBS) score groups
(3 groups: less than 40 points, 40-49 points, and more
than 49 points).

We found that several variables differed significantly
(Table 2) between different participant groups during the
different BBS tasks. Especially standard deviation, root
mean square amplitude, and mean amplitude were
promising, which differed between the groups during
most of the tasks. However, the tasks included in the BBS

TABLE 2: ACCELERATION SIGNAL VARIABLES WHICH DIFFERED SIGNIFICANTLY DURING THE BERG BALANCE SCALE TEST BETWEEN DIFFERENT
PARTICIPANT GROUPS (E = ELDERLY PEOPLE, P = PATIENTS, A = YOUNG ADULTS)
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 ** P < 0.01, *** P < 0.001

TABLE 3: DIFFERENCES BETWEEN DIFFERENT PARTICIPANT
GROUPS AND DIFFERENT BERG BALANCE SCALE (BBS) RESULT

GROUPS DURING THE WALK TEST FOR DIFFERENT VARIABLES

                    Task
Variable

Participated
groups BBS groups

Minimum e&a** 1&3**

Maximum e&a** 1&3***

Standard
deviation

e&a***
p&a***

1&3***

RMS e&a***
p&a***

1&3***

Absolute
difference

e&a** 1&3***

Mean e&p** 1&3***
Minimum p&a*** 1&3**
** P < 0.01, *** P < 0.001
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Fig. 2: Root Mean Square (RMS) of acceleration signal during the
standing unsupported test for different participated groups



test could be hard to distinguish automatically from the
signal and would be more fruitful to utilize the method in
supervised conditions.

Results of the BBS score groups were different
compared to results with the participant groups.
Differences between three BBS score groups were not
significant in so many tasks as with the participant
groups. Interesting would be to discriminate between
groups having points less and more than 49. The
significant difference in this case was found during the
stand with eyes closed and standing with feet together
tasks (P < 0.05).

It would be interesting to study if the classification to
the different BBS score groups will be possible by using
variable values during the different BBS tasks. However,
there are problems when collecting data during tasks like
tandem standing or standing on one foot when a subject is
not able to perform the test until the end. For example,
most of the participants were able to stand 10 seconds
with their eyes closed and the results with accelerometer
during this task would be more reliable to use.

According to our results, accelerometer signal during
the walking seems promising to discriminate between
different BBS score groups although we found significant
difference between group2 (40-49 points) and group3
(more than 49 points) only when using frequency band
power ratio between 1.5Hz and 2.5Hz (P < 0.05). If we
want to automatically observe personal health status
according to Berg Balance Scale, walking would be
easiest to distinguish from the accelerometer signal
during daily activities and calculate variables during the
recognized walking. For example, a wearable
accelerometer could give valuable information about long
term fall risk status. Most of the elderly in this study
preferred a sensor placed on the chest (hanging on the
neck) and it would be important to study whether we can

TABLE 5: PARTICIPANTS SELECTIONS OF THE MOST IMPORTANT
FEATURES FOR TECHNOLOGY BASED SOLUTION RELATED TO FALL
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Elderly Patients Young adults
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possibility

1 1 4 2 0 3

Communication
possibility

5 1 3 0 2 2

Individually
modifiable

1 1 5 0 5 1

Easy to use 11 1 6 0 15 0

Affordability 7 1 2 1 1 3

Mobility 6 0 8 1 7 1

Unobtrusiveness 0 3 0 4 6 2

Easy to learn 8 0 1 0 4 0

Communal
promotion

1 0 1 1 1 4

Reliability 10 0 12 0 15 0

TABLE 4: SPEARMAN CORRELATION COEFFICIENT BETWEEN DIFFERENT
ACCELEROMETER SENSOR LOCATIONS COMPARED TO THE REFERENCE

SENSOR (LOWER BACK)
Whole
test phase

     Location

Variable

In the
trouser
pocket
(N=10)

On the
chest
(N =31)

On the
upper
arm
(N=10)

Minimum 0.65 0.66 0.67
Maximum 0.73 0.70 0.75
Standard
deviation 0.79 0.77 0.76

RMS 0.67 0.65 0.65
Absolute
difference 0.83 0.76 0.78

Mean 0.28 0.18 0.24
Walking

Minimum 0.41 0.49 0.37
Maximum 0.46 0.37 0.34
Standard
deviation 0.73 0.67 0.73

RMS 0.74 0.67 0.74
Absolute
difference 0.49 0.43 0.55

Mean 0.62 0.46 0.42
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Fig. 3: Portion of the 1.5Hz-2.5Hz frequency band of the acceleration
signal compared to whole power spectrum

Fig. 4: Bland-Altman plot of standard deviation calculated from the
reference sensor and from the sensor located in trouser pocket during the
walk test



get similar quality results from the chest. Table 4 shows
that standard deviation and root mean square have the
highest correlation during the walking between the
reference and on the chest measurements. A sensor
located in the subjects pocket seemed to reflect best the
different variables during the whole test period compared
to the reference sensor signal. The results obtained from
the lower back can be problematic if used directly for
other sensor locations as seen in Fig. 4.

According to the interviews easy-of-use, reliability and
mobility were seen as the most important features of a
technology-based solution which could provide help in
fall related problems such as in detection or in follow-up
of the risk factors. Elderly users also emphasized
affordability and easy of learning qualities.
Unobtrusiveness was not so important to the elderly
people and to the patients as compared to the young
adults, something that was already suspected in [8]. The
patients commented most to the peer support group
feature which might reflect their bigger need for it.

We have planned to include wearable 3D
accelerometers in field studies where we collect long term
data from the participant and give him/her feedback on
the collected data. We planned to select variables
calculated from the signal according to these results and
follow individual progress from these. We will include in
the field study two patients and one elderly person, who
might benefit this type of a follow-up.
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