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Abstract

Objective: To evaluate the effects of a 12-week balance training programme on self-assessed function and
disability in healthy community-dwelling older adults with self-perceived balance deficits and fear of falling.
Design: A prospective, randomized controlled trial.

Setting: Stockholm County, Sweden.

Participants: A total of 59 community-dwelling older adults (42 women and |7 men) aged 67-93 were
randomized to either an intervention group (n = 38) or to serve as controls (n = 21) after baseline testing.
Intervention: The intervention was a | 2-week, three times per week, progressive, specific and individually
adjusted group balance-training programme.

Main measures: Self-perceived function and disability measured with Late Life Function and Disability
Instrument.

Results: The intervention group reported improvement in overall function (p = 0.016), as well as in basic
(p = 0.044) and advanced lower extremity function (p = 0.025) compared with the control group. The
study showed no improvement in overall disability or upper extremity function.

Conclusion: This group balance training programme improves self-assessed function in community-
dwelling older adults with balance deficits and fear of falling.
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Introduction

Only limited evidence exists for the effects of bal-
ance training on function and disability in older
adults, which are important concepts when discuss-
ing health. According to Guralnik and Ferrucci,!
disability is defined as the gap between personal
capability and environmental and/or social
demands, while function is concerned with the
individual’s capacity to carry out activities relevant
to effective community living, such as walking,
climbing, reaching, lifting and handling everyday
objects.

The limited evidence for the effects of exercise
on balance function in older adults is probably
owing to the lack of standardization in regard to
both exercise and evaluation methods. A review
by Cochrane from 20112 concluded that there is
weak evidence that exercises for gait, balance,
co-ordination and functional tasks, as well as
strengthening exercises, three-dimensional exer-
cises and other multiple exercise types are moder-
ately effective, immediately postintervention, in
improving clinical balance outcomes in the elderly.
However, it has been found that specific balance
training programmes have a greater effect on bal-
ance function than general exercise programmes.3
Specific balance training programmes should, con-
sequently, include dual-task exercises that imitate
daily life. Thus, there is a need to develop compre-
hensive balance training programmes for the
elderly that are individually adjusted. These pro-
grammes must be progressive and task-specific,
and yet meet the demand for well described and
standardized exercise methods.

A new comprehensive group balance training
programme for older adults has been described by
Halvarsson and co-workers.* The programme
decreased fear of falling, shortened the time to take
a rapid step during a dual-task and increased gait
speed; it was also found to be feasible and appreci-
ated. The effects of the programme have not yet
been evaluated with regard to self-reported func-
tion and disability.

The aim of the present study was, therefore, to
evaluate the short-term effects of a 12-week pro-
gressive, task-specific and individually adjusted

group balance training programme in community-
dwelling older adults with balance deficits and fear
of falling, with regards to self-reported function
and disability using the Late Life Function and
Disability Instrument.

Materials and methods

The method has been described in our companion
article. In brief, this is a prospective, randomized
controlled trial with a 12-week follow-up. Sample
size was set to a minimum of 20 subjects/group
based on an estimation from a pilot study.’
Participants were recruited by advertising in the
local newspapers of six suburbs in the Stockholm
area of Sweden. The inclusion criteria were age
>65 years, fear of falling and/or experience of a fall
during the previous 12 months, ability to walk
unaided indoors and a Mini-Mental State
Examination (MMSE) score >24.6 The exclusion
criteria were severely impaired vision or hearing,
severe cancer, severe pain, neurological disease or
damage with symptoms, dizziness requiring medi-
cal care or heart and respiratory problems that
might affect participation. At baseline, testing sub-
jects were randomized to either the intervention
group or control group by drawing an allocation
slip from an envelope, in blocks, with a 2:1 alloca-
tion in favour of the intervention group.

The Late-Life Function and Disability Instrument
(LLFDI) protocol was filled out at baseline and at
the 12-week follow-up by interviewer-adminis-
tered, self-assessment. Test leaders were experi-
enced physiotherapists, and were blinded to group
allocation at baseline but not at follow-up.

The intervention studied was a 12-week pro-
gramme of progressive, task-specific and individu-
ally adjusted group balance training.* Training was
carried out three times per week, in 45-minute ses-
sions, in groups of six to seven subjects, led by two
physiotherapists to guarantee safety. A minimum of
70% attendance during the 12-week programme
was needed to be able to evaluate the effects of
training. The balance training programme followed
the concept according to the manner of Oddsson
et al.,” and was carried out with varying levels of
complexity.
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The programme included exercises aimed at
keeping balance in sitting and standing positions,
during walking and while reacting to loss of bal-
ance. Exercises included combined cognitive and
motor challenges (dual- and multi-tasking); in
other words, subjects performed a cognitive and/or
motor exercise at the same time as they performed
advanced balance exercises. Exercises were indi-
vidualized and varied by adjusting the area of the
support base, changing the positioning of the arms,
adding concomitant head movements, varying the
exercise speed and by adding dual- or multi-tasks.

Participants in the control group were encour-
aged to continue living as before (i.e. same activity
level), and were offered a chance to participate in
the training programme after the study was
finished.

LLFDI has a function component and a disabil-
ity component, in which function refers to the per-
son’s ability to perform activities requiring motor
actions, and disability refers to the person’s perfor-
mance of socially defined life tasks.®° The 32 items
in the function component rate task difficulty by
asking how much difficulty one has in performing
daily activities. Response options range from
‘none’ to ‘cannot do’, and score from 5 to 1, respec-
tively (i.e. the higher the score, the less the diffi-
culty). The function component is summarized in
an overall function subscale, as well as the three
subscales: upper extremity, basic lower extremity
and advanced lower extremity.?

Thel6 items in the disability component rate
task difficulty and task frequency by asking how
limited one feels in performing socially defined life
tasks, and how frequently they are performed.
Frequency response options range from ‘very
often’ to ‘never’. Limitation response options
range from ‘not at all’ to ‘completely’. Both fre-
quency and limitation response score from 5 to 1,
and the higher the score, the less disabled one is.
Frequency is summarized in overall frequency and
limitation is summarized in overall limitation.’

Sum scores are calculated by adding up item
scores from each dimension and their subscales,
and are transformed to scaled scores (0—100) based
on a one-parameter Rasch model, in order to have
a linear scale that is easier to interpret. Use of the

scaled scores requires a response on all items.%°
Missing values were, therefore, replaced by calcu-
lating the sum score of the items that had been
completed divided by the number of completed
items, and then multiplying by the number of items
in the component (function 32 and disability 16).
One questionnaire was incomplete at follow-up
regarding the function component, with several
missing values (16/32 items), and was therefore
excluded from the analysis.

All statistical analyses were performed using
PASW Statistics, version 20.0 (SPSS Inc., Chicago,
IL, USA). Scaled scores of the LLFDI were used;
hence parametric statistical methods were chosen
for the analyses. Data are presented as mean, median,
SD, number (n), minimum—maximum (min—-max)
and frequency (%). Differences between groups
regarding LLFDI were analysed with a two-fac-
tor repeated-measures analysis of variance
(ANOVA), using the main effect of factor 1
(time), factor 2 (group) and interaction effects of
both factors (time x group). P-value was set to
<0.05. Effect size for independent samples was
calculated with Cohen’s d (Cohen’s d = differ-
ence between sample means/pooled standard
deviation)!'? and guidelines for interpretation of
effect size according to Cohen, i.e. 0.20 =
“small effect size”, 0.50 = “medium effect size”
and 0.8 = “large effect size”.!! The study proto-
col complied with Helsinki rules on human
research, and was approved by the Local Ethics
Committee in Stockholm, Sweden, D.Nr:
2006/151-31.

Results

There were 146 responses to the advertisings. Out
of these, 87 did not meet the inclusion criteria,
resulting in a total of 59 older adults included in the
study. Of these, 38 were randomized to the interven-
tion group and 21 to the control group (Figure 1).
Demographic data of the participants are presented
in Table 1.

There were no differences between the two
groups at baseline regarding age, gender, social
situation, body composition, mental status, educa-
tion, medication or morbidity (see Table 1).
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Reported interest
n=146
(105 women/41 men)

Did not meet inclusion criteria

n=87
(63 women/34 men)

Randomized
n=>59
(42 women/17 men)

Group I
n=38
(25 women/13 men)

Group C
n=21
(17 women/4 men)

Dropouts

(1 women/3 men)

n=4 <«

After three months
n=34
(24 women/10 men)

After three months
n=21
(17 women/4 men)

Figure I. Persons reporting interest in study, assigned at random to intervention or control group and drop-outs.*

A total of 55 participants followed through with
the study. Four were lost to follow-up given: low
compliance (n = 1), disease (n = 1) and discontin-
ued training (n = 2). Attendance at balance training
sessions was, on average, 87% (71%—100%).

The LLFDI mean outcome for the two compo-
nents and their subscales, at baseline and follow-
up, in both the intervention group and control
group are presented in Table 2. Analysis over time
and between groups, for the function component,
revealed a significant increase in overall function
(p = 0.016) and for subscales basic lower (p =
0.044) and advanced lower extremity (p = 0.025)
all with a medium effect size (0.57-0.69). For
within-group comparison from baseline to follow-
up, the intervention group had significantly
increased their overall function (p < 0.001, 5
points), upper extremity (p = 0.004, 4.6 points),

basic lower extremity (p < 0.001, 6.7 points) and
advanced lower extremity (p < 0.001, 6.2 points)
(Table 2).

Analysis over time and between groups for the
disability component showed no significant differ-
ences. A significant difference over time in the
intervention group was, however, found in the
overall frequency subscale (p = 0.012). The inter-
vention group improved their overall frequency
value by 2.4 points, and the control group improved
their value by 0.3 points.

Discussion

The present study showed that task-specific bal-
ance training improved overall function as well as
basic and advanced lower extremity function in
older adults. The mean improvement exceeded the
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Table 1. Demographic data of participants in intervention group and control group at time of randomization.

Variable Intervention Control group
group(n = 38) (n=21)

Age (years; mean (min—max)) 76 (67-93) 78 (69-91)

Gender female/male (n (%)) 25 (66)/13 (34) 17 (81)/4 (19)

Living alone/together (n (%))
House/apartment (n (%))
Education

Elementary school (n (%))

High school (n (%))

College or university (n (%))
Body Mass Index (kg/m?2, median (min—max))
Mini Mental State Examination (median (min—max))
Prescribed medications (n; median (min—max))
Fear of falling (n (%))
Experienced a fall during the last |2 months (n (%))
Diagnosis

Diabetes mellitus (n)

Hypertension (n)

Stroke (n)

Myocardial infarction (n)

Heart failure (n)

Angina (n)

18 (47)/20 (53)
2 (5)/36 (95)

12 (57)/9 (43)
I (5)/20 (95)

11 (29) 3 (14)
8 (21) 5 (24)
19 (50) 13 (62)
26 (21-41) 25 (20-39)
28 (24-30) 29 (26-30)
2 (0-9) | (0-9)
32 (84) 18 (86)
34 (89) 19 (90)
6 2
18 9
3 [
2 2
| 2
2 4

measurement error of the instruments as well as the
effect size, and can, therefore, be considered clini-
cally relevant. Improvement in physical function
contributes to a more physically active lifestyle and
independence in daily life.

The balance training programme focuses on
activities and tasks including lower and upper
extremity engagement and dual-task activities, such
as walking while carrying a tray with filled glasses,
closing buttons or climbing over obstacles, i.e. relates
to functions commonly used in typical daily activi-
ties. According to the definition of function by
Guralnik and Ferrucci,! the participants in the pre-
sent study improved their individual capacity to carry
out activities relevant to effective community living.

Specific exercises pertaining to arm function
were not specifically emphasized in the balance
training programme. This is confirmed in the
results, showing improvement only in lower
extremity functions (p = 0.044/0.025) and not in
upper extremity functions (p = 0.661).

As anticipated, no significant effect was found
on disability (p = 0.120/0.536) in the present study.
The participants had slight to no disability prior to
participating in the study according to the classifi-
cation of Jette and co-workers.® They were healthy,
community-dwelling elderly using no individual
community services and probably, therefore, had
no or little potential to improve. Also, the training
programme included balance training, primarily
aimed at improving body functions, and structures
and activities according to the International
Classification of Functioning, Disability and
Health (ICF),!? with limited potential to influence
disability as such. To do so, hindrances and facili-
tators in the physical, social and attitudinal world
of the individuals probably had to be addressed;
this was not the aim of the present study. Our find-
ings are in accordance with Motl and McAuley,?
who conclude that the literature shows less conclu-
sive evidence for effects of physical exercise on
disability than function.
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Table 2. Mean and SD for the two components of the LLFDI. The function component includes the subscales:
overall function, upper, basic lower and advanced lower extremity. The disability component includes the subscales:
overall limitation and overall frequency. Improvement in mean outcome (points) for the two components of the
LLFDI and values marked by bold are exceeding standard error of measurement (SEM). A two-factor repeated-
measure ANOVA was used to analyse differences over time and between groups. A significant level at <0.05 is
marked by bold type. Effect size calculated for independent samples with Cohen’s d.

LLFDI Intervention group Control group P-value  P-value Effect size
n =34 n=2I time time X group
Baseline Follow-up Baseline Follow-up
Function component*
Overall function, 583 (64) 633(84) 555(6.6) 574(62) <0.001 0.016 0.69
mean (SD)
Upper extremity, 738 (11.4) 784 (11.7) 683(128) 71.9(10.8) 0.001 0.66l 0.12
mean (SD)
Basic lower extremity, 658 (89) 725(13.0) 62.6(8.5) 649 (7.7) <0.001 0.044 0.57
mean (SD)
Advanced lower 50.9 (9.6) 57.1 (15.3) 483 (104) 493 (11.7) <0.001 0.025 0.64
extremity, mean (SD)
Disability component
Overall limitation, 78.7 (12.4) 83.0 (12.5) 743 (10.0) 76.3(13.3) 0.075 0.536 0.17
mean (SD)
Overall frequency, 492 (5.0) 51.6(46) 516(46) 519(7.1) 0.012 0.120 0.44
mean (SD)
*One missing value (intervention group).
LLFDI: Late-Life Function and Disability Instrument.
The mean improvement in the present study  limitation subscale was 4.3 points, which

was 5, 6.7 and 6.2 points, respectively, for overall
function, basic lower extremity and advanced
lower extremity in the intervention group. These
values exceed the SEM values, with 2.9, 4.4 and
4.3 points, respectively, presented by Roaldsen
and co-workers!'* who conclude that these reason-
ably small improvements (5-9%) are enough to
detect changes on a group level. Effects on the
function component can, therefore, be considered
not only statistically significant, but also clini-
cally relevant on a group level, also shown by the
effect sizes (Table 2). Changes on the individual
level must be slightly higher, 14%-24% and
14%—16%, respectively, for the function and dis-
ability components, to exceed the measurement
error (smallest real difference, SRD) and thus be
seen as clinically relevant. In regard to the disa-
bility component, improvement in the overall

exceeded the SEM value 4.1,'4 but with a small
effect size (0.17).

There are some limitations in the present study.
First, the participants were recruited by advertise-
ment, also called convenience sampling, which is
commonly used though it is also a ‘weak link’,!3
since participants might have already had positive
feelings in favour of balance training from the start.
It is, however, difficult to reach healthy commu-
nity-dwelling elderly with balance deficits and fear
of falling in any other way, since these persons do
not commonly seek healthcare. As it was consid-
ered important to evaluate the effect of the pro-
gramme on a population of healthy elderly
individuals before moving onto other target-
groups, this approach was still chosen.

The participants were recruited exclusively
from Stockholm suburbs. Therefore, the results of
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the present study might not generally apply to peo-
ple living in rural settings, as community barriers
and transport facilitators differ across urban and
rural areas, and have a great impact on levels of
functioning and disability. The population was
healthy community-dwelling older adults, and the
results are therefore likely to apply for this group
of older adults. Further studies are needed to deter-
mine the general applicability of the effects of a
group balance training programme on self-assessed
function and disability.

Furthermore, sample size was based on estima-
tion from a pilot study. It is conceivable that sam-
ple size affected the possibility of affecting the
disabilities. It might have been better, therefore, to
perform a power calculation to estimate the sample
size to reduce the risk of type II errors.

Another limitation in the present study is that
blinding of the test leaders and evaluators to group
allocation was not successful. Participants were
thoroughly and repeatedly instructed to keep group
allocation a secret, but this turned out impossible to
maintain, as participants were enthusiastic about
their training and remarked about their experi-
ences. Blinded test leaders were supposed to reduce
the risk of expectations influencing the outcome,
and it would, of course, have been better had the
blinding been successful. Strategies such as
treating the intervention group and control group
as equally as possible, apart from the interven-
tion, and using as objective outcome measures as
possible to minimize bias when blinding, is not
possible.!¢ In the present study, frequency of fol-
low-up and instructions with regards to physical
activity level, apart from intervention, were equal
in both groups. Also, the chosen outcome measure,
LLFDI, is a highly reliable self-report measure,
and test leaders strictly followed the instructions in
the manual. However, failure to blind test leaders
and evaluators at follow-up might have reduced
internal validity.

When interpreting the results of the present
study, one should consider the fact that older adults
in general overestimate their abilities to function
physically, and that self-reported information and
assessment by clinicians can differ substantially,

especially for upper extremity function.!” However,
in the present study, interview-administered tests
were used, giving the informants the ability to dis-
cuss the most appropriate scores with the physio-
therapist data collector, hence minimizing the gap
between self-report and clinician assessment.

The strengths in the present study are several.
The chosen design — a randomized controlled trial
— is regarded as a strong design for contributing to
evidence-based knowledge.'®* The comparison
between groups makes it possible to conclude that
the statistically significant improvements in overall
function, as well as basic and advanced lower
extremity function, were indeed owing to the
intervention.

The standardization in regards to both exercise
method and evaluation method, and the use of
individually adjusted training are also strengths.
The exercise method is well described,* and the
evaluation method has been found to be highly
reliable, valid and suitable for research in the
healthy elderly.!# Furthermore, baseline and fol-
low-up interviews were carried out by experi-
enced physiotherapists, and with few missing
values in the LLFDI protocols. It is commonly
known that interview-administered, self-report
assessment produces less missing values than if
the protocols are self-administered. Therefore,
using trained data collectors and interview-
administered tests rather than self-administered
tests is recommended. !4

Training attendance was high (71%—-100%),
which confirms that the participants experienced
the training as worth the trouble. Expected per-
sonal gain from the training was considered to
compensate for reduced leisure time during the
intervention period. Only four subjects were lost to
follow-up, and although all were in the interven-
tion group, the drop-outs were considered as ran-
dom and not owing to methodology. High
compliance and having few drop-outs are valuable
for the quality of the results.!®

The lack of injuries during training sessions
indicates that safety precautions, such as having
two physiotherapists present at training, and only
six to seven subjects in each group, were sufficient.
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Some falls and near falls occurred during the train-
ing, but did not cause any injuries or interrupt the
training.

Clinical message

e This 12-week, progressive, task-specific
and individually adjusted group balance
training programme improves overall func-
tion, as well as basic and advanced lower
extremity function measured by the Late
Life Function and Disability Instrument in
community-dwelling older adults with bal-
ance deficits and fear of falling.

Contributors

AS conceptualized the study. AH and AS designed the
study. AH and AS collected the data. KSR, AH and TS
interpreted the data. KSR and TS drafted this manu-
script. AH and AS provided critical review of the
manuscript.

Acknowledgements

The authors would like to thank all the participants in
the study.

Conflict of interest

The authors declare that there is no conflict of interest.

Funding

This work was supported by grants through the Regional
Agreement on Medical Training and Clinical Research
between Stockholm County Council and Karolinska
Institute (ALF), and from the Swedish Research Council
and the Health Care Sciences Postgraduate School at
Karolinska Institutet, the Torsten and Ragnar Soderberg
Foundation, the Swedish Order of St John (Johanniterorden)
and the regional Skaraborgs Kommunalforbund FoU. We
certify that no party having a direct interest in the results of
the research supporting this article has or will confer a ben-
efit on us or on any organization with which we are associ-
ated and, if applicable, we certify that all financial and
material support for this research (e.g. NIH or NHS grants)
and work are clearly identified.

Upon request we can provide any underlying research
materials related to our article.

10.

11.

13.

14.

References
1.

Guralnik JM and Ferrucci L. Assessing the building
blocks of function: utilizing measures of functional limi-
tation. Am J Prevent Med 2003; 25: 112—-121.

Howe TE, Rochester L, Neil F, Skelton DA and Ballinger
C. Exercise for improving balance in older people.
Cochrane Database Syst Rev 2011: CD004963.

Nitz JC and Choy NL. The efficacy of a specific balance-
strategy training programme for preventing falls among
older people: a pilot randomised controlled trial. Age
Ageing 2004; 33: 52-58.

Halvarsson A, Oddsson L, Olsson E, Faren E, Pettersson
A and Stahle A. Effects of new, individually adjusted,
progressive balance group training for elderly people with
fear of falling and tend to fall: a randomized controlled
trial. Clin Rehabil 2011; 25: 1021-1031.

Boissy P, Yurkow J, Chopra A, Oddsson L and De Luca
C. Balance training in the elderly using Swiss ball: A piloy
study. In: American Congress of Rehabilitation Medicine,
Hilton Head, South Carolina, USA2000.

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

Oddsson L, Boissy P and Melzer 1. How to Improve Gait
and Balance Function in Elderly Individuals-Compliance
with Principles of Training. Euro Rev Aging Phys Activity
2007; 4: 15-23.

Haley SM, Jette AM, Coster W1, et al. Late Life Function
and Disability Instrument: II. Development and evalu-
ation of the function component. J Gerontol Series A,
Biolog Sci Med Sci 2002; 57: M217-222.

Jette AM, Haley SM, Coster W1J, et al. Late life function
and disability instrument: I. Development and evaluation
of the disability component. J Gerontol Series A, Biolog
Sci Med Sci 2002; 57: M209-216.

Kotrlik J and Williams H. The incorporation of effect
size in information technology, learning, and perfor-
mance research. Inf Technol, Learn Perform J2003; 21:
1-7.

Cohen J. Statistical Power Analysis for the Behavioral
Sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum,
1988.

WHO. International Classification of Functioning, Disability
and Health (ICF). Available at: http://www.who.int/clas-
sifications/icf/enhttp://www.who.int/classifications/icf/en
(accessed 20 August 2013).

Motl RW and McAuley E. Physical activity, disability,
and quality of life in older adults. Phys Med Rehabil
Clinics North America 2010; 21: 299-308.

Roaldsen KS, Halvarsson A, Sarlija B, Franzen E and
Stahle A. Self-reported function and disability in late life
- cross-cultural adaptation and validation of the Swedish
version of the late-life function and disability instrument.
Disabil Rehabil. Epub ahead of print 14 August 2013.
DOI: 0.3109/09638288.2013.819387.


http://www.who.int/classifications/icf/enhttp://www.who.int/classifications/icf/en

Roaldsen et al. 1197

15. Polit DF and Beck CT. Nursing Research: Generating Epub ahead of print 3 September 2013. DOI:10.3109/096
and Assessing Evidence for Nursing Practice. 8th ed. 38288.2013.828786.
Philadelphia: Lippincott Williams & Wilkins, 2008. 18. Boutron I, Moher D, Altman DG, Schulz KF and
16. Karanicolas PJ, Farrokhyar F and Bhandari M. Practical Ravaud P. Extending the CONSORT statement to ran-
tips for surgical research: blinding: who, what, when, domized trials of nonpharmacologic treatment: expla-
why, how? Can J Surg 2010; 53: 345-348. nation and elaboration. Ann Internal Med 2008; 148:
17. Feuering R, Vered E, Kushnir T, Jette AM and Melzer 1. 295-309.
Differences between self-reported and observed physical 19. Dombholdt E. Rehabilitation Research Principles and

functioning in independent older adults. Disabil Rehabil. Applications. 3rd ed. Elsevier Saunders, 2005.



