
© 2013 Tuunainen et al. This work is published by Dove Medical Press Ltd, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Ltd, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Ltd. Information on how to 
request permission may be found at: http://www.dovepress.com/permissions.php

Clinical Interventions in Aging 2013:8 1237–1246

Clinical Interventions in Aging Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1237

O r I g I n A l  r e s e A r C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CIA.S47690

Postural stability and quality of life after guided 
and self-training among older adults residing  
in an institutional setting

eeva Tuunainen1

Jyrki rasku1

Pirkko Jäntti2

Päivi Moisio-Vilenius3

erja Mäkinen3

esko Toppila4

Ilmari Pyykkö1

1Department of Otolaryngology, 
section of hearing and Balance 
research Unit, University of Tampere 
and University hospital of Tampere, 
Finland; 2Department of geriatric 
Medicine, hatanpää City hospital, 
Tampere, Finland; 3Koukkuniemi 
residential home, Tampere, Finland; 
4Finnish Institute of Occupational 
health, helsinki, Finland

Correspondence: Ilmari Pyykkö 
Department of Otolaryngology,  
Tampere University hospital,  
PO Box 2000, Teiskontie 35,  
FIn-33521 Tampere, Finland 
Tel +358 407 182 911 
email ilmari.pyykko@uta.fi

Purpose: To evaluate whether rehabilitation of muscle force or balance improves postural 

stability and quality of life (QoL), and whether self-administered training is comparable with 

guided training among older adults residing in an institutional setting.

Patients and methods: A randomized, prospective intervention study was undertaken among 

55 elderly patients. Three intervention groups were evaluated: a muscle force training group; 

a balance and muscle force training group; and a self-administered training group. Each group 

underwent 1-hour-long training sessions, twice a week, for 3 months. Postural stability was 

measured at onset, after 3 months, and after 6 months. Time-domain-dependent body sway 

variables were calculated. The fall rate was evaluated for 3 years. General health related quality 

of life (HRQoL) was measured with a 15D instrument. Postural stability was used as a primary 

outcome, with QoL and falls used as secondary outcomes.

Results: Muscle force trainees were able to undertake training, progressing towards more 

strenuous exercises. In posturography, the number of spiky oscillations was reduced after train-

ing, and stationary fields of torque moments of the ankle increased, providing better postural 

stability in all groups; in particular, the zero crossing rate of weight signal and the number of 

low variability episodes in the stabilogram were improved after training. While no difference 

was found between different training groups in posturography outcomes, a reduction of fall 

rate was significant in only the guided training groups. A significant part of the variability of 

the QoL could be explained by the posturography outcome (46%). However, the outcome of 

training was associated with a reduced QoL.

Conclusion: Even moderate or severely demented residents could do exercises in five-person 

groups under the supervision of a physiotherapist. An improvement in postural stability was 

observed in all training groups, indicating that even self-administered training could be benefi-

cial. Posturography outcome indicated that training alters the postural strategy by reducing the 

oscillatory fluctuations of body sway signal. However, only guided training tended to reduce 

falls. Short training intervention programs may decrease QoL by changing the elderly’s daily 

routine and making it more active and exhausting.

Keywords: force and balance training, falls, time-domain body sway analysis, 

psychological consequences

Introduction
Accidental falls are one of the leading causes of death among the elderly popula-

tion, surpassing even those due to car accidents.1 Among people aged 85 years 

and older, one out of five fatal falls occurs in a nursing home.2 Rubenstein et al3 

reviewed such falls and showed that the mean incidence of falls in nursing homes 

is 1.5 falls per bed per year (range: 0.2–3.6 falls). Because of the high frequency 
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of recurrent falls in nursing homes, the likelihood of 

sustaining an injurious fall is substantial.4 In addition, falls 

reduce quality of life (QoL).5

Posturography has been used to objectively screen and 

predict those elderly who are liable to fall. Era et al6 studied 

7,979 subjects using posturography. Measurements showed 

a decline in balance functions with advancing age, starting 

from about 60 years. Rasku et al7 demonstrated that the 

decline of postural stability continued to deteriorate up to 

90 years of age; by careful evaluation of a stabilogram, the 

age of subjects could be predicted with an accuracy of 5 years. 

Kerber et al8 demonstrated an association of poor balance 

and accidental falls with the outcomes of posturographic 

measurements. They regarded postural imbalance as a key 

factor for explaining accidental falls. However, the clinical 

value of posturography is still controversial in assessing the 

elderly’s likelihood of falling.9 One of the main problems 

in the use of posturography is that there is no standard for 

measurement or agreement on the variables to be analyzed.10 

The richness of existing variables calculated from stabilo-

gram signals contains useful information on upright stance, 

but may also blur the data by unnecessarily increasing the 

dimension of feature space, thus making balance analysis 

more complicated.11

Rehabilitation may improve postural stability and prevent 

falls when medical therapy has reached its limits, but in older 

adults residing in an institutional setting there is insufficient 

evidence of any benefit of fall interventions.12 Recently 

Neyens et al13 performed an extensive literature survey on 

interventions to prevent falls in long-term care facilities. They 

concluded that the evidence is inconclusive for multifaceted 

and single interventions in long-term care facilities. Most 

of the reviewed studies did not find a significant positive 

effect on fall incidents. However, their data supports the 

conclusion that multifactorial interventions in long-term 

care populations seems more likely to be beneficial (as also 

indicated by Gillespie et al)14 among older people living in 

a community setting. A careful approach to fall prevention 

is needed as programs to prevent falls in these settings may 

be ineffective or may even have adverse effects.13 Recently, 

we demonstrated that rehabilitation with balance and muscle 

force training reduced the number of accidental falls in older 

people living in a community setting, and even in residents 

with dementia.15 The aim of the present study is to evaluate 

the effect of muscle force training, balance training, and 

self-training on several time-domain variables retrieved from 

stabilograms. A further aim was to explore the consequences 

of training on the general HRQoL.

Methods
The older adults of the Koukkuniemi 
residential facility
The study was carried out in a residential facility in 

 Koukkuniemi, Tampere, Finland. The home housed 869 older 

adults during the study period. The majority of the residents 

needed support for moving, or suffered moderate to severe 

dementia. The criteria for inclusion in the study were (a) the 

subject’s ability to raise herself/himself from a chair without 

using their hands or arms for support, and (b) their willingness 

to participate in the intervention. Of the 869 residents, 156 met 

the criteria and 59 (15 male and 44 female) volunteered to 

take part in the study. The City of Tampere’s institutional 

review board approved the study protocol. The participants 

were randomly assigned to three groups – one with muscle 

force training, one with balance and muscle force training, 

and one with self-administered training (with instructions) 

on the ward under the supervision of a personal geriatric 

nurse. Four of the participants died before baseline testing 

and commencement of the training, and thus the groups con-

sisted of 18 participants with muscle force training, 19 with 

self-administered training, and 18 with balance and muscle 

force training (Table 1).

Data collection
In order to define the case history concerning vertigo, balance 

problems, and general health, a standardized questionnaire 

was administered that consisted of 98 questions about the 

resident’s symptoms, medical history, and medication.16,17 

The character of balance problems and dizziness was 

explored to categorize the often vague and imprecise symp-

toms expressed by the subjects into consistent and more 

precisely defined terms. Balance problems and dizziness 

were broken down into more detail as rotatory vertigo, diz-

ziness, movement instability, fear of falling, sudden loss 

of balance, light headiness, and a floating sensation and/

or black-out. In addition, some related symptoms such as a 

feeling of unreality, loss of vitality, nervousness, and reduced 

mobility were queried. The subjects were rated for limitation 

in activities due to symptoms. Finally, the effect of balance 

problems, vertigo, or dizziness on the subjects’ everyday life 

was evaluated. In gathering the data, one of the authors (ET) 

interviewed the participants and, when necessary, used the 

participant’s personal nurses as proxies.

The Mini Mental Status Examination (MMSE) mea-

sures cognitive ability (attention, memory, language, and 

calculations) and has a maximum score of 30. For MMSE, 
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24 is the normal limit; anything lower indicates some 

impairment.18

The 15D is a widely used method to assess general 

HRQoL; it consists of 15 questions, each graded to 5 levels. 

Thus the person has 155 possibilities with which to reply, 

and each reply to a question is weighted with a calculation 

to provide a final score. The 15D questions concern sensory 

functions and mobility, the participant’s ability to perform 

regular day-to-day tasks, and their perceptions about their 

capabilities and limitations.19 The final score is between 0 

and 1, where 0 indicates a condition akin to death and 1 a full, 

complaint-free life. The instrument is designed to establish 

the degree to which patients are content with their lives and 

abilities. For example, the question about walking ability is 

rated as follows: 0 = I can walk normally; 1 = I can walk 

with little difficulty; 2 = I can walk with notable difficulties; 

3 = I can only walk a little; and 4 = I am unable to walk. As 

the participants were living in a residential home, we did not 

use the sex question available in the instrument. The QoL 

was investigated both at the beginning of training and after 

the 3-month training period had ended.

Training
Training took place in groups of five under the supervision 

of physiotherapists. Each day, two trained physiotherapists 

controlled the exercise intensity and adjusted it to the 

trainee’s capacity. In the self-training groups, personal 

nurses on the ward provided stimulation and encouraged the 

participants to keep up with their self-guided training tasks 

twice a week, for around 1 hour at a time. The self-guided 

training took place based on written instructions provided 

by the physiotherapists. Exercises were scheduled twice a 

week, 1 hour at a time, for 26 sessions over 13 weeks. We 

then followed the trainees over 3 years by recording their 

falls and the reasons for their falls during this period. Fall 

data was collected using fall questionnaires obtained from 

the ward nurses. Every fall was documented and efforts 

were made to find out the reasons and circumstances lead-

ing to the fall.

In muscle force training, the exercises focused on increas-

ing the muscle strength of the hip and other postural muscles, 

with exercises becoming more strenuous over time. In ses-

sions 1–5, the exercises started with warm-up training lasting 

10 minutes. This included stretching each leg in the sitting 

position, standing up exercises, squats (bending deeply at the 

knees) to standing position beside parallel bars, three repeats 

of side steps to the left and right, standing on tiptoes, and 

alternatingly raising both knees with the support of a parallel 

bar. From the sixth training session onwards, 1.2 kg weights 

were fixed to the ankles. From the ninth training session 

onward, whilst standing, exercises included knee raising and 

extension, adduction and abduction of the lower limbs on 

training equipment with extra resistance, squat to standing, 

and exercises on a stepper board. The exercises were carried 

out with weights applied and repeated ten times, which was 

successively increased during each session to 20 times with 

two repetitions. From the 19th exercise session onwards, 

training to walk up a staircase was added.

Table 1 Characteristics and number of elderly in each exercise 
training group

 Muscle  
n = 18

Balance  
and muscle  
n = 18

Self- 
administered 
n = 19

Age 84.7  
(sD = 5.5)

85  
(sD = 4.2)

86.1  
(sD = 7.3)

Sex    
Female 12 16 14
Male 6 2 5
Alcohol    
no alcohol 16 17 15
Under 4 doses  
per week

2 1 0

5–9 doses  
per week

0 0 3

10–20 doses  
per week

0 0 1

Medications    
Diuretics 14 14 12
nsAIDs 16 13 14
Antidepressants 11 10 12
sleeping  
medication

7 10 13

Diseases    
MCC 6 11 10
hypertension 12 7 10
Kidney  
dysfunction

0 0 1

DM 1&2 0 3 5
hypo/ 
hyperthyreosis

1 2 4

MMSE    
Mean 19 (11–29) 19 (2–29) 21 (2–29)
MMse 27–30 3 3 5
MMse 21–26 5 7 5
MMse 11–20 10 6 8
MMse 0–10 0 2 1
Hearing 
At 1000 hz 33 (15–45) 31 (20–65) 32 (15–55)

Notes: Age, sex, alcohol consumption, medications, diseases, MMse score and 
hearing level at 1000 hz of the right ear at the beginning of the test (mean and range 
are shown). none of the measures differed statistically between groups.
Abbreviations: SD, standard deviation; NSAIDs, non-steroidal anti-inflammatory 
drugs; MCC, myacardial congestion; DM 1&2, diabetes mellitus types 1 and 2; MMse, 
Mini Mental status examination.
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The balance and muscle force training aimed to increase 

a combination of strength, flexibility, and balance training. 

It started with walking on a model trace painted on the floor, 

shifting weight from one leg to the other, walking backwards, 

tandem stance training, and standing with feet together and 

eyes closed. From the third session onwards, we added mov-

ing by turning and twisting and walking with a beanbag on 

the head. From the ninth session onwards, we added a step-

ping exercise, blind walking in parallel bars with hindrances 

on the support base, blind walking straight, and a bean bag 

stretching exercise (from squat to tiptoe). From exercise 18 

onwards, a trampoline, balance board, ball bouncing, ball 

throwing and catching, walking on a line beside the paral-

lel bar, and walking while turning the head side to side and 

head nodding were added. The muscle force training was 

similar to that of the muscle force group, but weights were 

not increased.

The self-administered training consisted of three exer-

cises; in the sitting position there was the stretching of each 

leg and raises from the chair, and crouching and rising were 

conducted from the standing position. Instructions were 

given in written form and were supervised twice a week by 

geriatric nurses on the ward.

Posturography
Posturography was carried out before training, immediately 

after training, and 6 months after commencing the training. 

Posturography measures vertical forces on the force platform 

surface. The center point of force on the platform surface 

records the movement of the body’s center point of mass 

projecting on the platform (body sway). The weight signal 

of the platform measures corrective forces made by the per-

son when adjusting posture. We used a custom-made force 

platform that measured vertical force distribution over the 

platform surface.20 Analysis of the data was collected on a 

stance lasting 15 seconds. The subjects were asked to close 

their eyes and instructed to keep their hands on their chest, 

lock their knee joints, and stand as stably as they could. 

The sampling frequency of the force platform was 50 Hz. 

Two of the signal components in the stabilogram give the 

location of the force reaction under the subject’s feet in 

mediolateral (x) and anterior-posterior (y) directions in each 

sample (t). The third component of the stabilogram provides 

the magnitude of force reaction acting on the force platform 

in respective sampling instants. This signal also outlines the 

mass of the subject; although the subject’s mass remains 

constant, the applied weight changes are due to muscle forces 

exerted in efforts to control posture.

To remove the effect of transition error and, to give the 

subject some time to become accustomed to the test, we 

removed 150 samples from the beginning of the filtered 

stabilograms. After preprocessing, the lengths of stabilo-

grams amounted to 600 samples for an average of 12 seconds. 

We removed the mean values of the stabilogram’s positional 

components before further processing.

Variables
In the present study we selected eight time-domain variables 

which had the greatest associations between age and sex; for 

reference, we selected body sway velocity and Romberg’s 

quotient.7 Our selected variables and their abbreviations 

were the 95% confidence amplitude in anterior posterior 

direction C(Y) and the sway velocity of body sway (SV). The 

 Romberg’s quotient was calculated (mm/s) from sway veloc-

ity values (SV eyes closed/SV eyes open). We calculated the 

mean of the absolute moment about the mediolateral axis 

M(MY), the area of ellipse which contained all stabilogram 

samples EA, the area of an ellipse which contained 95% 

of stabilogram samples CEA, the zero crossing rate of a 

stationary point in anterior-posterior direction ZCR(Y), the 

zero crossing rate of velocity in the mediolateral direction 

ZCR(VX), the critical time where an open loop control 

changes into a closed loop control CRI(T), and the number 

of samples which belong to a steady phase standing ST(N). 

In our statistical work, we took the natural logarithms of 

the variables in order to make their distributions closer 

to normal. ST(N) describes the number of moment signal 

samples that belong to a steady phase standing. The steady 

phases during quiet standing (ST[N]) are illustrated in Fig-

ure 1. The location of the center point of force (CPF) can 

be extracted directly from the preprocessed stabilogram; 

60 8040200−20

Moment
Steady phase

Moment about y-axis (Ncm)

M
o

m
en

t 
ab

o
u

t 
x-

ax
is

 (
N

cm
)

−40−60−80−100−120
−150

−100

−50

0

50

100

150

Figure 1 Two dimensional moment signal which contains steady standing phases.
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Figure 1 illustrates the steady phase standing, and is marked 

with circles.

The signal was also composed of many low variance peri-

ods and many “spiky” periods that were indicators of rapid 

and frequent oscillations in posture. A moving window was 

ultimately slid over the entire weight signal. Figure 2 depicts 

the low and high variation areas and also indicates the zero 

crossing rate of weight. Inside the low variation areas the 

signal changes signs relatively frequently; however, in the 

“spiky” areas the signal sign does not change so often. The 

postural stability was evaluated in visual and nonvisual condi-

tions. Sway velocity and maximum amplitude of body sway 

were used as outcome variables. The Romberg’s  quotient was 

calculated (mm/s).

statistical analysis
Differences in continuous variables between the training 

groups were analyzed with an analysis of variance (ANOVA) 

and in discrete variables with the Mann–Whitney U-test, 

Chi-square test, or Wilcoxon signed-rank test. In exploring 

associations, a linear correlation was made and evaluated 

using Kendall’s tau. In analyzing the posturography outcome 

and changes in QoL, a paired Student’s t-test was used. 

In searching for associations between risk factors and the 

posturography outcome analysis of variance (ANOVA), and 

in the case of binary variables, logistic regression analysis 

was carried out.

Results
Before the end of the training, six residents stopped training 

(four in the balance and muscle force training group; two in 

the muscle force training group). Their scores in the 15D 

instrument were significantly lower than the others (Mann–

Whitney U-test, P = 0.032); in particular, their scores were 

significantly lower in vigilance (P = 0.014), depression 

(P = 0.005), and anxiousness (P = 0.015). In presbyequi-

librium the participants who stopped their training had 

more frequent vertigo (P = 0.047) and floating sensations 

(P = 0.033).

effects of training on postural stability
When inspecting the effect of training on postural stability 

using posturography, all groups showed significant improve-

ments (Table 2). The muscle force training groups tended 

to improve most, followed by the self-training group and 

then the balance training group, but the differences were not 

statistically significant.

After training, the occurrence of “spiky” oscillations was 

reduced and the stationary fields of torque moment of the 

ankle increased, providing better stability. Postural strategy 

was changed in all groups so that the participants reduced 

their random body sway and started to oscillate around a 

predetermined attractor (neutral point), and tried to hold 

their posture without exceeding stability ranges. They did 

however sway to the same extent as before commencing the 

training when measured by means of sway velocity and area 

of body sway. In regard to the risk factors for falls, those 
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Figure 2 local variation of weight signal provides a measure for quiet and active 
phases in maintaining posture.

Table 2 Posturography measurements at 3 months from training 
in the muscle force, self-administered, and balance training 
groups

Variable  
measured  
after 3 months  
of training

Muscle 
training  
(n = 16)

Self- 
administered  
(n = 18)

Muscle  
and balance  
training  
(n = 14)

sway velocity  
(eyes closed)

34.5 mm/s  
(12.2)

33.8 mm/s  
(14.5)

31.2 mm/s  
(12.1)

Area of body sway 3.6 cm2 (1.2) 3.4 cm2 (2.1) 8.5 cm2 (4.5)
number of low 
variability episodes  
in stabilogram

27 (7.3)** 22 (15.2)** 24 (26.9)

Zero crossing rate  
of stationary point  
in AP-direction

22 (7.2)** 18 (7.2) 19 (12.5)

Zero crossing rate  
of velocity signal  
in AP-direction

211 (64.4)* 199 (67.9)*** 179 (49.2)

Zero crossing rate  
of weight signal

138 (61.2)** 90 (53.5)** 128 (65.4)**

number of periods  
during stationary  
standing phases

162 (73) 168 (166)* 109 (164)

Notes: *P , 0.05, **P , 0.01, and ***P , 0.001 when compared with base line 
measurements. Mean and standard deviation are given.
Abbreviation: AP, antero-posterior.
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participants who indicated problems with gait and mobility 

had significantly worsened postural stability. Within the 

ANOVA analysis, a model consisting of the zero crossing rate 

of weight signal and the number of low variability episodes 

in the stabilogram was significant (P , 0.001), and explained 

16.5% of the variance of problems in mobility.

Associations with falls
In posturography the training groups differed in Romberg’s 

quotient with respect to falls in ANOVA (P , 0.01). Thus, 

non-fallers used visual information to stabilize their balance 

on the force platform; however, such a positive integration of 

visual and vestibular influxes was not seen in fallers.

The participants with muscle force training and those 

with balance and muscle force training tended to have fewer 

falls than those with self-administered training (Table 3). The 

difference between the groups was statistically significant 

(Chi-square test, P = 0.02) (Figure 3). However, in logistic 

regression analysis, only in habitual fallers did the posturog-

raphy measures correlate with outcome in falls (number of 

low variability r = −0,466, P , 0.01; zero crossing rate of 

velocity signal in AP-direction r = 0.278, P , 0.05).

There was no significant long-term effect of training 

on the death rate between the different groups. On average, 

the MMSE-index showed that global cognitive status was 

impaired in 29% of the study groups when training began, 

and in 79% after 3 years. The MMSE index neither correlated 

with the level of falls, training group nor the outcomes of 

posturography.

Qol
The 15D QoL was 0.8 at the beginning of training but was 

reduced to 0.71 as the training ended (paired Student’s 

t-test, P , 0.001) and 0.73 after 6 months (paired Student’s 

t-test, P , 0.001) (Figure 4). No differences were observed 

in 15D measures between the different training groups 

(Table 4). When exploring the association between the 15D 

instrument and the outcome of posturography in ANOVA, we 

found significant association between postural stability and 

QoL (F = 11.4, P , 0.001, beta −0.587). A model explain-

ing 46% of the variability in the 15D QoL consisted of the 

critical time (P , 0.001, beta −0.650) and the zero crossing 

rate of the weight signal (P , 0.024, beta 0.344).

When analyzing internal factors of the 15D instrument, 

the mobility rating at the beginning and after training showed 

no significant changes. However, vitality scores significantly 

worsened immediately after training, but recovered after 

6 months (Student’s t-test, P , 0.001). A similar observation 

was seen in analyzing the activity scores (Student’s t-test, 

P , 0.05) (Figure 4). Participants also felt more weary, tired, 

or feeble than at the beginning of training (Student’s t-test, 

P , 0.001) (Figure 5). No differences were found between 

the training groups.

When investigating the effect of training on mood disorders 

and mental function, we used the depression and mental score 

questions. After the training period had ended, participants 

felt more depressed (Student’s t-test, P , 0.05) and impaired 

in mental functions (Student’s t-test, P , 0.001) than at the 

beginning of training; the depression scores returned to baseline 

levels 6 months after commencing the training (Figure 4).

Discussion
We compared guided balance and muscle force training 

with self-administered training in older adults residing in an 

institutional setting. The postural stability was measured with 

a force platform, and general HRQoL measures were used. 

Residents with moderate or severe dementia could perform 

exercises in a five person group under the supervision of a 

physiotherapist. Personal nurses proved to be an effective 

resource on the ward when stimulating and encouraging 

the participants to keep up with their self-guided training. 

When inspecting the effect of training on postural stability, Table 3 Falls measured during 3 years of follow-up among 
participants in the muscle force, self-administered, and balance 
training groups

Falls measured 
during 3 years  
follow up

Muscle  
training  
(n = 16)

Self- 
administered  
(n = 18)

Muscle and  
balance  
training (n = 14)

Participants  
who have fallen

7 14 6

Participants with  
two or more falls

6 9 5

number of falls  
(range)

42 (1–21) 64 (1–30) 24 (1–8)

Note: The number of people who experienced at least one fall, those with two or 
more falls, and the number of falls with range (in parenthesis) are given.

Table 4 general hrQol in different training groups and at 
different time points

Training  
groups

15D score  
at beginning

15D score  
at 3 months

15D score  
at 6 months

Muscle training 0.82 (0.06) 0.71 (0.12) 0.71 (0.12)
self-administered 0.77 (0.1) 0.71 (0.11) 0.73 (0.09)
Muscle and balance  
training

0.81 (0.1) 0.73 (0.11) 0.75 (0.12)

Note: Mean and standard deviations (in parenthesis) are shown. A worsening of 
quality of life scores was found in all groups.
Abbreviation: hrQol, health related quality of life.
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all groups showed significant improvements. The muscle 

force training groups tended to improve the most, followed 

by the self-training group and then the balance training group, 

although the differences were not statistically significant. 

Posturography revealed an improvement in postural stabil-

ity and balance control strategy. The outcome of fall rates 

differed between the training groups; guided training was 

more effective than self-training. The training was associated 

with a reduced QoL. It is possible that the training efforts, 

although carefully controlled and individually tailored, 

proved too strenuous for the frail participants, and perhaps 

different protocols should be evaluated before any therapeutic 

recommendation can be made.

Postural stability on the force platform
In posturography, the center point of force has commonly 

been used to characterize the subject’s ability to control 

their posture. The conventional parameters used have failed 

to distinguish fallers from non-fallers in geriatric facilities.

There are many possible explanations for this, including 

a shortage of optimal reference persons, that “near falls” 

are handled as non-falls, the stochastic nature of falls, and the 

shortage of descriptive parameters used in evaluation. In spite 

of these shortcomings however, posturography can be a use-

ful instrument in describing the outcomes of rehabilitation. 

We have previously indicated that body sway is a random 

phenomenon in the elderly; this phenomenon contrasts with 

younger residents in whom body sway is predictive and 

seems to oscillate around an attractor.21,22 Interestingly, after 

3 months of training we were able to show that participants 

regained the strategy to sway around an attractor. In this 

way they recalled their “postural memory” and could avoid 

falling to the outside of their stability area. In the variables 

analyzed with the zero crossing rate of weight signal, it is 

possible to detect transients in the stabilogram signal. The 

time delay between two zero crossings is usually small and 

quite constant. During the transients however, the time delay 

is greater. This time delay was reduced among the partici-

pants after training, and the number of zero crossing rates 

increased. In a time-domain, the zero crossing rate varies 

during measurement for reasons which are related to postural 

control strategy and other physical actions.23 The zero cross-

ing rate strategy will tend to keep the person in proximity to 

the selected attractor. An improvement in postural stability 

was not observed in traditional measures such as the velocity 

of body sway or sway area; however, an improvement was 

noted in strategy with a move towards diminishing periods of 

random body oscillations. This change of strategy will thus 

reduce postural effort.21 Muscle force training is especially 

useful to prevent slips and falls but also improves the postural 

stability during quiet stance.

rehabilitation of muscle force  
and balance
Preventing falls may require the selection of a population 

that is most likely to benefit from rehabilitation, as well as 

a selection of interventions.24 Rubenstein et al3 concluded 

in a review that lower-extremity weakness was a significant 

risk factor and increased the odds of falling about  six-fold. 

Studies have reported that the prevalence of detect-

able lower-extremity weakness ranges from 48% among 

community-living older persons,25 to 57% among residents of 

Muscle and balanceSelf
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Figure 3 Observed falls in different training groups (mean value and standard error 
of the mean are shown).
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Figure 4 15D quality of life scores before, immediately after cessation of training, 
and 6 months from the baseline measurements (mean and 95% confidence intervals 
are shown).
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an intermediate care facility,26 to more than 80% of residents 

of a skilled nursing facility.27 We therefore focused part of 

the training on enhancing the strength of the lower extremi-

ties, and in the second group, we also looked to improve gait 

and balance. Participants of guided training had to be able 

to perform muscle force training, starting from levels of low 

strain and increasing the strain of exercises with time; this 

was not the case in the balance force training as they used a 

walking frame, and other balance training merely added to 

the muscle force training. However, both training regimes 

focused on the improvement of strength and use of the 

postural muscles. Theoretically, balance training should be 

more effective in changing the postural control strategy, but 

this was not the case based on our posturography analysis. 

Multifactorial interventions have been successful in some, 

but not all, fall prevention trials.5,9 Several studies favor 

using physiotherapy as a tool to prevent falls in older adults 

residing in an institutional setting.28,29 Common to all these 

studies was that they used balance training and walking 

exercises. In contrast, several other studies were unable to 

show that rehabilitation prevented falls in these subjects.30,31 

The studies also used walking and endurance training, as 

used in the present study. While in some training programs 

balance improved, in others with similar training programs, 

no changes were seen.32 Rapp et al4 suggested that fallers 

represent cases with multiple different pathologies and that 

elderly people with certain symptom complexes respond 

better to rehabilitation than others. The training periods in 
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Figure 6 Depression score (left) and mental function score (right) derived from 15D Qol (quality of life) at the beginning of training, immediately after training, and 6 months 
after commencing the training (mean and 95% confidence levels are shown).

After 6 monthsAfter training 3 months

U
su

al
 a

ct
iv

it
ie

s 
sc

o
re

Basic

2.0

2.2

2.4

2.6

2.8

3.0

After 6 monthsAfter training 3 months

V
it

al
it

y 
sc

o
re

Basic

1.0

1.5

2.0

2.5

3.0
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measurements (mean and 95% confidence intervals are shown).
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previous studies were 1–3 times per week and did not explain 

the differences between the efficacies of fall prevention. 

Perhaps a better effect could be achieved by having shorter 

but more frequent interventions, which lasted throughout 

the year. This, however, demands resources drawn from the 

personnel of elderly homes to transport the patients to training 

units, and increases the number of rehabilitation personnel 

needed to perform the training. A further study should be 

attempted to optimize the weekly training periods.

When inspecting the efficacy of the training program 

to prevent falls, guided training was more efficient than 

self-training. The participants were quite passive, with only 

about half the subjects who were able to participate actually 

attending the study program. This may be a reflection of the 

development of a negative attitude when moving from one’s 

own apartment to the institutionalized setting. A change in 

such attitudes is needed; however, such a change appears 

difficult as it would require more in the way of personnel 

resources than the 0.5 nurses per bed currently regulated by 

law in Finland today.

effect on Qol
General HRQoL measures can be used to compare the impact 

of different diseases and to evaluate the costs of illness.19 

Kato et al33 suggested that taking account of mental confi-

dence is important for physical QoL and that fall prevention 

self-efficacy (including not only the physical activity per se, 

but also mental confidence) should be given prominence in 

the physical QoL of the elderly. We demonstrated using the 

15D instrument that psychological and physical components 

(mood, vitality, mental function, and regular day-to-day 

tasks) were altered after rehabilitation. Nevertheless, guided 

training produced significantly less falls. The risk of fall 

is also important in causing neuropsychiatric symptoms.34 

Unlike the present study, most intervention studies have been 

carried out among community-dwelling elderly, differing in 

age and physical and mental conditions. It seems that for 

the elderly there is a tradeoff between training exercises 

and QoL when it comes to rehabilitation. Supporting the 

importance of postural stability and QoL, we noticed that 

17% of the variability of QoL was associated with a history 

of fall tendency and motility problems; postural stability 

measurements could explain 46% of the variability in the 

QoL data. This result provides additional perspectives on 

the use of sophisticated analysis of stabilograms among 

the elderly.

Training of previously passive elderly alters their daily 

routines and may be perceived as being excessive; this was 

seen as a reason for the reduction of psychological and 

physical dimensions in the present study. Although the 

elderly had a positive attitude towards rehabilitation, they 

experienced a level of fatigue that they could not recover 

from in time for the next training session. A less force-

ful regime of training amongst nursing home residents 

increased the QoL by improving their emotional functioning, 

 vitality, and mental health;35 however, fall outcomes were 

not  documented. A softer start-up level of training and the 

inclusion of emotional support and attitude education could 

be used to avoid reductions in QoL by minimizing the effects 

of “post training fatigue”.

Conclusion
In the present study we compared guided exercises and 

self-administered training and their role in fall prevention 

in the elderly. Guided exercises carried out twice a week 

focused on increasing muscle strength and balance. Elderly 

with moderate or severe dementia could undertake exer-

cises as part of five person groups, under the supervision 

of a physiotherapist, and with personal nurses overseeing 

the self-training participants. After 3 months of training, 

participants in all groups improved their postural stability. 

Using posturography, we observed that training induced pre-

viously used control strategies for posture; elderly residents 

started to oscillate around a predetermined attractor and in 

this vein rejuvenated their postural control. Guided training 

tended to reduce the number of falls when compared to self-

administered training. However, we observed that the QoL of 

residents was reduced after the training had ended, in terms 

of mood, mental functions, vitality, and usual activities. This 

indicated that the training program was perhaps perceived 

to be too laborious. A further study should be carried out 

to reveal the differences between guided and self-training 

efforts with a less strenuous training program, so as to avoid 

consequences adverse to QoL. We conclude that in residential 

homes, efforts should be made to increase guided muscle 

force training, but that training activities should be moderate. 

Additionally, self-training could be used as a daily supple-

ment to a guided training program.

Acknowledgments
This work has been carried out with the kind collaboration 

of the personnel of the Koukkuniemi Residential Home in 

Tampere, Finland. We acknowledge Jussi Ripsaluoma, the 

chief physician of the residential home, for providing the 

facilities in which to conduct the study. Financial support 

for this study was provided by EU PROFANE (Prevention 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-interventions-in-aging-journal

Clinical Interventions in Aging is an international, peer-reviewed journal 
focusing on evidence-based reports on the value or lack thereof of treat-
ments intended to prevent or delay the onset of maladaptive correlates 
of aging in human beings. This journal is indexed on PubMed Central, 
MedLine, the American Chemical Society’s ‘Chemical Abstracts 

 Service’ (CAS), Scopus and the Elsevier Bibliographic databases. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Clinical Interventions in Aging 2013:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1246

Tuunainen et al

of Falls Network, Europe) and the Pirkanmaa Cultural and 

Science Foundation.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Korhonen N, Niemi S, Parkkari J, Palvanen M, Kannus P. 

Unintentional injury deaths among adult Finns in 1971–2008. Injury. 
2011;42(9):885–888.

 2. Baker SP, Harvey AH. Fall injuries in the elderly. Clin Geriatr Med. 
1985;1(3):501–512.

 3. Rubenstein LZ, Josephson KR, Robbins AS. Falls in the nursing home. 
Ann Intern Med. 1994;121(6):442–451.

 4. Rapp K, Lamb SE, Erhardt-Beer L, et al. Effect of a statewide fall 
prevention program on incidence of femoral fractures in residents of 
long-term care facilities. J Am Geriatr Soc. 2010;58(1):70–75.

 5. Vaapio SS, Salminen MJ, Ojanlatva A, Kivela SL. Quality of life as an 
outcome of fall prevention interventions among the aged: a systematic 
review. Eur J Public Health. 2009;19(1):7–15.

 6. Era P, Sainio P, Koskinen S, Haavisto P, Vaara M, Aromaa A. Postural 
balance in a random sample of 7,979 subjects aged 30 years and over. 
Gerontology. 2006;52(4):204–213.

 7. Rasku J, Pyykkö I, Juhola M, et al. Evaluation of the postural  stability 
of elderly persons using time domain signal analysis. J Vestib Res.  
2012;22(5–6):243–252.

 8. Kerber KA, Enrietto JA, Jacobson KM, Baloh RW. Disequilibrium in 
older people: a prospective study. Neurology. 1998;51(2):574–580.

 9. Kingma H, Gauchard GC, de Waele C, et al. Stocktaking on the devel-
opment of posturography for clinical use. J Vestib Res. 2011;21(3): 
117–125.

 10. Visser JE, Carpenter MG, van der Kooij H, Bloem BR. The clinical  utility 
of posturography. Clin Neurophysiol. 2008;119(11):2424–2436.

 11. Rasku J. A method for the classification of corrective activity in context 
dependent postural controlling tasks. Comput Biol Med. 2009;39(10): 
940–945.

 12. Gillespie WJ, Gillespie LD, Handoll HH, Madhok R. The Cochrane 
Musculoskeletal Injuries Group. Acta Orthop Scand Suppl. 2002; 
73(305):15–19.

 13. Neyens JC, van Haastregt JC, Dijcks BP, et al. Effectiveness and 
implementation aspects of interventions for preventing falls in elderly 
people in long-term care facilities: a systematic review of RCTs. J Am 
Med Dir Assoc. 2011;12(6):410–425.

 14. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for 
preventing falls in older people living in the community. Cochrane 
Database Syst Rev. 2012;9:CD007146.

 15. Tuunainen E, Moisio-Vilenius P, Mäkinen E, Rasku J, Toppila E, Pyykkö 
I. Intervention to prevent falls in elderly living in residential home. 
Journal of Amderican Geriatric Society. 2013. In Press.

 16. Kentala E, Pyykkö I, Auramo Y, Juhola M. Otoneurological expert 
system. Ann Otol Rhinol Laryngol. 1996;105(8):654–658.

 17. Kentala E, Pyykkö I, Auramo Y, Laurikkala J, Juhola M. Otoneurological 
expert system for vertigo. Acta Otolaryngol. 1999;119(5):517–521.

 18. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician. 
J Psychiatr Res. 1975;12(3):189–198.

 19. Saarni SI, Harkanen T, Sintonen H, et al. The impact of 29 chronic 
conditions on health-related quality of life: a general population survey in 
Finland using 15D and EQ-5D. Qual Life Res. 2006;15(8):1403–1414.

 20. Pyykkö I, Jäntti P, Aalto H. Postural control in elderly subjects. 
Age Ageing. 1990;19(3):215–221.

 21. Toppila E, Pyykkö I. Chaotic model of postural stability-a position and 
velocity dependent system. Automedica. 2000;19:63–99.

 22. Rasku J, Juhola M, Tossavainen T, Pyykko I, Toppila E.  Modelling 
 stabilograms with hidden Markov models. J Med Eng Technol.  
2008;32(4):273–283.

 23. Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust BM. 
Measures of postural steadiness: differences between healthy young 
and elderly adults. IEEE Trans Biomed Eng. 1996;43(9):956–966.

 24. Guideline for the prevention of falls in older persons. American 
 Geriatrics Society, British Geriatrics Society, and American Academy 
of Orthopaedic Surgeons Panel on Falls Prevention. J Am Geriatr Soc. 
2001;49(5):664–672.

 25. Campbell AJ, Robertson MC. Implementation of multifactorial inter-
ventions for fall and fracture prevention. Age Ageing. 2006;35 Suppl 2: 
ii60–ii64.

 26. Tinetti ME. Performance-oriented assessment of mobility problems in 
elderly patients. J Am Geriatr Soc. 1986;34(2):119–126.

 27. Robbins AS, Rubenstein LZ, Josephson KR, Schulman BL, 
Osterweil D, Fine G. Predictors of falls among elderly  people. 
Results of two  population-based studies. Arch Intern Med. 
1989;149(7):1628–1633.

 28. Becker C, Kron M, Lindemann U, et al. Effectiveness of a multifaceted 
intervention on falls in nursing home residents. J Am Geriatr Soc.  
Mar 2003;51(3):306–313.

 29. Sihvonen S, Sipilä S, Taskinen S, Era P. Fall incidence in frail older 
women after individualized visual feedback-based balance training. 
Gerontology. 2004;50(6):411–416.

 30. McMurdo ME, Millar AM, Daly F. A randomized controlled trial of fall 
prevention strategies in old peoples’ homes. Gerontology. 2000;46(2): 
83–87.

 31. Shimada H, Obuchi S, Furuna T, Suzuki T. New intervention program 
for preventing falls among frail elderly people: the effects of perturbed 
walking exercise using a bilateral separated treadmill. Am J Phys Med 
Rehabil. 2004;83(7):493–499.

 32. Schoenfelder DP. A fall prevention program for elderly individuals. 
Exercise in long-term care settings. J Gerontol Nurs. 2000;26(3):43–51.

 33. Kato C, Ida K, Kawamura M, et al. Relation of falls efficacy scale 
(FES) to quality of life among nursing home female residents with 
comparatively intact cognitive function in Japan. Nagoya J Med Sci. 
2008;70(1–2):19–27.

 34. Lin MR, Wolf SL, Hwang HF, Gong SY, Chen CY. A randomized, 
controlled trial of fall prevention programs and quality of life in older 
fallers. J Am Geriatr Soc. 2007;55(4):499–506.

 35. Bruyere O, Wuidart MA, Di Palma E, et al. Controlled whole body 
vibration to decrease fall risk and improve health-related quality of life of 
nursing home residents. Arch Phys Med Rehabil. 2005;86(2):303–307.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/clinical-interventions-in-aging-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


