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Abstract

Background: The Prevention of Falls Network Europe
(ProFaNE) aims to bring together European researchers and
clinicians to focus on the development of effective falls pre-
vention programs for older people. One of the objectives is
to identify suitable balance assessment tools. Assessment
procedures that combine a balance task with a cognitive
task may be relevant since part of all falls occurs during dual-
task performance of walking or other balance activities. Ob-
jective: To evaluate whether dual-task balance assessments
are more sensitive than single balance tasks in predicting
fallsand detecting changes in balance performance after fall
interventions. Methods: A systematic literature search was
performed in the databases PubMed, EMBASE, CINAHL,
AMED, PsycINFO and Cochrane. Articles were selected ac-
cording to the following inclusion criteria: (1) population: old-
er adults (mean age =65 years), (2) assessment tool: dual task
combining gait or other balance task with a cognitive task,
(3) design: prospective or retrospective data collection of
falls, or intervention study. Analysis of papers focused on
measures of predictive ability or sensitivity-to-change for

both tasks during dual-task performance as well as for the
single balance and cognitive task. Results: Out of 114 dual-
task studies in older people, 19 articles matched the inclu-
sion criteria. Fourteen studies had sample sizes of 60 sub-
jects or less; the studied populations, task combinations as
well as other methodological aspects varied. None of the
articles reported the same statistical measures for both tasks
during dual-task performance as well as single balance and
cognitive task. In two studies with prospective data collec-
tion of falls, higher odds ratios were found for the dual com-
pared to the single balance task. Conclusions: Upon the
available literature, conclusions for an added value of dual
balance tasks for fall prediction or assessing fall intervention
effects cannot be made due to incomplete comparisons of
single and dual balance tasks. Nevertheless, two studies do
provide an indication that dual balance tasks may have add-
ed value for fall prediction. Copyright © 2008 S. Karger AG, Basel

Introduction

Falling is a common problem in the growing popula-
tion of older people. Approximately 30% of older adults
experience a fall each year [1-3], and fall incidence is even
higher (50%) in women aged 85 and above [4]. The med-
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ical costs related to falls are substantial, e.g. fall-related
injuries in people aged 60 years and over cost the United
Kingdom government 981 million pounds in the year
2000 [5]. Falls often lead to a decreased quality of life
when health, function and/or independence are impaired,
and in some cases falls even lead to death [6]. In addition,
falls can have psychological consequences such as fear of
falling, which is associated with activity avoidance [7]. A
reduction of physical activity may lead to further decline
in functioning, and hence to further falls [8].

The Prevention of Falls Network Europe (ProFaNE)
[9, 10] is a European Commission funded thematic net-
work in which European researchers and clinicians are
brought together to focus on the development of multi-
factorial prevention programs aimed at reducing the in-
cidence of falls amongst older people. One of the objec-
tives of the network is to identify balance assessment
tools that can be used in the development of effective fall
interventions. Balance assessment tools that target mo-
bility impairment [11], e.g. abnormalities of balance and
gait [11-13], may be useful for early detection of potential
fallers who are eligible for inclusion in a fall prevention
program, or for detecting changes in balance perfor-
mance as a result of an intervention. The present study
focuses on the relevance of assessment procedures that
combine a balance task with a cognitive task.

Part of all falls in older people occurs during activities
when attention needs to be divided between postural
control and other tasks [14-16], such as when walking
while maintaining a conversation. A possible explanation
is that attention resources are limited [17] and postural
control is more attention demanding in older adults than
in young adults [18, 19]. Also, older adults may prioritize
tasks differently. In a study by Bloem et al. [20], older sub-
jects seemed less inclined than younger subjects to use a
‘posture first’ strategy. This strategy consists of prioritiz-
ing balance maintenance (the ‘primary’ task) over the ex-
ecution of a second task (e.g. manual or cognitive) [21],
and thus can be considered as a ‘safety first’ strategy. As-
sessment methods incorporating dual-task paradigms
appear to be helpful in revealing the effect of age or dis-
ease on the allocation of attention to postural tasks and
may be sensitive in predicting fall risk and/or in evaluat-
ing outcomes of fall interventions in older people [19].

A literature review was performed to evaluate whether
dual-task balance assessments have an ‘added value’ over
single-task balance assessments. First, a systematic litera-
ture search was applied to collect studies in which bal-
ance performance of older people was assessed based on
a dual-task approach, consisting of a gait or other balance

Added Value of Dual Tasks for Balance
Assessment in Fall Prevention Programs

task and a second cognitive task. Secondly, inclusion cri-
teria were used to select all relevant studies for fall predic-
tion or the evaluation of changes in balance performance.
Finally, the methods and results of included papers were
assessed based on criteria that need to be met for con-
trasting single- versus dual-task assessments.

Methods

Search Methods

A systematic literature search was conducted to obtain articles
that use a dual-task paradigm to assess balance performance in
older subjects. Articles were searched for in electronic databases
PubMed, EMBASE, CINAHL, AMED, PsycINFO and Cochrane
Central Register of Controlled Trials. The search strategy that was
used in the PubMed database is summarized in scheme 1. Search
strategies applied in the other databases were derived from the
PubMed search, with the exception that the search in the EM-
BASE database was restricted to articles that were classified with
the key term falling. The database search was conducted without
language restrictions and limited to articles with publication
dates to 2006. In addition, reference lists of relevant articles were
hand-searched and a request to members of the ProFaNE was
made to identify missing articles.

Scheme I: Search strategy (summarized) used in the PubMed
database. The bold terms are MeSH (Medical Subjects Headings)
key terms.

(1) (gait OR walking OR locomotion OR musculoskeletal equi-
librium OR posture)

(2) #1 AND (aged OR aged, 80 and over OR aging)

(3) (cognition OR attention OR cognitive task(s) OR attention
task(s) OR dual task(s) OR double task paradigm OR second
task(s) OR secondary task(s)

(4) #2 AND #3

(5) #4 AND humans

Selection of Relevant Papers

First, all studies using a dual-task paradigm, consisting of a
gait or other balance task and a second cognitive task, were se-
lected by screening abstracts and methods sections. Individual
abstracts, review articles and studies evaluating sitting balance
performance were excluded.

Second, only papers were included in which the dual-task par-
adigm was used (1) to predict future falls, (2) to discriminate be-
tween fallers versus non-fallers based on a retrospective data col-
lection of falls, or (3) to detect changes in balance performance
after an intervention. Studies were only included when the clas-
sification of fallers and non-fallers was based on actual fall events.
Since a standardized fall definition is not available [22, 23], all fall
definitions stated in the individual articles were accepted. The
selection was limited to studies in which the mean age of the sub-
ject group(s) with older adults was 65 years or older. Articles that
did not report results for dual-task balance performance were ex-
cluded as well as case studies, letters to the editor and studies that
used a subjective scoring system to assess dual-task performance.
No further exclusion criteria were used.
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Analysis of Relevant Papers

The following descriptive aspects were considered: study de-
sign (i.e. retrospective or prospective data collection of falls),
number of subjects, selection criteria for the subject groups, clas-
sification of fallers, tasks and measures that were used to assess
and report task performance, test order of tasks and follow-up
period. Each article was assessed on whether the value for fall pre-
diction or for detecting changes in balance performance of single-
and dual-task balance assessments could be compared. For such
a comparison, appropriate statistical measures for discriminative
ability, predictive ability (i.e. sensitivity, specificity, predictive
values, odds ratio, likelihood ratios) or sensitivity-to-change (e.g.
standardized response mean (SRM)) need to be reported [24]. The
same statistical measures should be reported for both tasks of the
dual task as well as for the single balance and cognitive tasks. The
effects of adding a cognitive task to the balance task may remain
covert when only balance task performance is analyzed, as dual-
task interference effects can be shown by a deterioration in per-
formance on the balance task, cognitive task, or both tasks, de-
pending on which task is prioritized.

Results

The searches in databases PubMed, EMBASE,
CINAHL, AMED, PsycINFO and Cochrane resulted in
305, 203, 175, 27, 51 and 15 references, respectively. After
removing duplicate references, a total of 606 articles were
obtained. 114 studies were identified which used a dual-
task approach, consisting of a gait or other balance task
combined with a second cognitive task, to assess balance
performance in older subjects'. Categorized according to
study design, table 1 summarizes the 19 articles that met
the inclusion criteria. The article by Verghese et al. [25]
includes results based on a retrospective as well as pro-
spective data collection of falls. The two articles by Ash-
burn etal. [26, 27] describe results of the same population
of older Parkinson’s disease patients using a retrospective
and prospective data collection of falls respectively.

The selection criteria for population samples varied
between studies. Eight studies exclusively included com-
munity-dwelling older persons [25-32]. Two studies also
included institutionalized older persons [33, 34], while
Springer et al. [35], Lundin-Olsson et al. [36] and Cami-
cioli and Licis [37] limited the study population to insti-
tutionalized older adults. The remaining articles did not
mention details on whether or not (part of) subjects were
institutionalized. Seven studies exclusively included old-

I References of the 114 dual-task studies and an overview in which the

studies and cognitive tasks used are categorized by population and balance
task (i.e. gait or other balance task), will be provided to the interested reader
after a request to the corresponding author.
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er people with a specific pathology or medical condition,
namely Parkinson’s disease patients [26, 27, 38], patients
with Alzheimer’s disease [37] or stroke [29, 39], and per-
sons with unilateral lower limb amputation [40]. Twelve
of the 19 studies gave information about excluding per-
sons with specific medical conditions. Lundin-Olsson et
al. [36] reported that part of the subjects was diagnosed
with dementia, previous stroke and/or depression, and
Verghese et al. [25] reported neuropathy in 20% of the
subjects and previous stroke in 3%. The other studies did
not give clear information on whether subjects had (ad-
ditional) medical conditions.

Table 2 shows the results of articles which report mea-
sures for discriminative or predictive value for falls of
single and/or dual tasks. The three intervention studies
did not present measures for sensitivity-to-change. Ap-
propriate measures for discriminative ability of the dual
task(s) were mentioned for 3 of 10 evaluations with a
retrospective data collection of falls. In most cases, sen-
sitivity, specificity and predictive values were high (i.e.
=80%). In the study of Dibble and Lange [38], a low sen-
sitivity (i.e. =54%) was obtained when using an a priori
cut-off score. Measures indicating the predictive value of
the dual task(s) were reported in 5 of 7 evaluations with a
prospective data collection of falls. In most cases, speci-
ficity and predictive values were moderate (i.e. 55-79%)
or high whereas sensitivity was low.

None of the 19 articles presented the same statistical
measures for both tasks during dual-task performance as
well for the single balance and cognitive task. The articles
of Shumway-Cook et al. [31] and Dibble and Lange [38]
did report measures for discriminative ability for both
single and dual balance task. Also, two articles with pro-
spective data collection of falls (i.e. Ashburn et al. [27]
and Verghese et al. [25]) reported appropriate statistical
measures for both single and dual balance tasks. In addi-
tion, Bergland and Wyller [28] reported that one of the
dual-task conditions gave the best predictive value for fu-
ture falls with an odds ratio of 2.4. However, they did not
mention the odds ratios for the other single- and dual-
task conditions. All the above-mentioned articles did not
report statistical measures for cognitive task perfor-
mance.

Discussion
A literature review was performed to evaluate whether

dual-task balance assessments have an ‘added value’ over
single-task balance assessments for fall prevention, i.e.

Zijlstra/Ufkes/Skelton/Lundin-Olsson/
Zijlstra



Table 1. Overview of descriptive information on included articles using a dual-task balance assessment. Mean age (range), years, is
indicated

Article

Study population

Tasks, test conditions and measures

Studies with a retrospective data collection of falls: discrimination between fallers and non-fallers or balance-impaired and healthy older subjects

1

Shumway-Cook
etal.
1997 [21]

20 young adults (age 31 (24-44), 50% female), 20 older non-fallers
(age 74 (65-86), 55% female), 20 older fallers (age 78 (65-94),

65% female).

Fallers had a self-report of two or more falls in the previous

6 months in the absence of a known neurological or musculoskeletal
diagnosis.

Balance tasks

Standing on force platform. Two surface conditions,

firm vs. compliant. Measure of postural sway.

Cognitive tasks

Sentence Completion (SC) and Judgment of Line
Orientation (JOLO). Speed (2) and accuracy (2) measures.
The order of tasks was randomized.

2 Shumway-Cook Community-dwellers: 15 older non-fallers (age 78 (65-85), Balance task
etal. 67% female), 15 older fallers (age 86 (76-95), 53% female). Fallers Timed Up and Go test (TUG). Speed measure.
2000 [31] had a self-report of two or more falls in the previous 6 months in the Cognitive task
absence of a known neurological or musculoskeletal diagnosis. Counting backwards by threes. The order of tasks was
Fall definition: any event that led to an unplanned, unexpected contact ~ randomized.
with a supporting surface, excluding falls resulting from unavoidable
environmental hazards.
3 Shumway-Cook 18 young adults (age 35 (24-50), 60% female), 18 older non-fallers Balance tasks
and Woollacott  (age 75 (65-85), 67% female), 18 older fallers (age 85 (76-95), Standing on force platform. Six different sensory conditions,
2000 [17] 53% female). firm vs. sway referenced surfaces with eyes open vs. eyes
Fallers had a history of imbalance and two or more falls in the previous  closed vs. optokinetic stimulation. Measure of postural sway.
6 months. Cognitive task
Respond verbally to auditory choice Reaction Time (RT)
stimulus (high/low, two different tonal frequencies). Speed
(1) and accuracy (1) measures. Pseudorandom task order.
4 Ashburnetal. ~ Community-dwelling older Parkinson's disease patients: 19 non-fallers,  Balance task
2001 [26] 29 fallers. Standing on foot plates. Measure of postural sway.
Fallers: self-report of one or more falls in the previous 12 months. Cognitive task
Fall definition: event which results in a person coming to rest Make simple color judgment on a series of playing cards.
unintentionally on the ground or other level, not the result of a major
intrinsic event or overwhelming hazard.
Selection criteria: no other neurological or vestibular conditions and
no gross cognitive impairment.
5 Lajoie and 80 older non-fallers (age 74, 64% female), 45 older fallers (age 76, Balance task
Gallagher 78% female). Selected within the community, from nursing homes Standing on force platform. Measure of postural sway.
2004 [34] and senior residences. Cognitive task
Fallers had one or more falls during the past year. Simple Reaction Time (RT) task: respond verbally to
Fall definition: according to Kellogg Group [14]. auditory stimulus. Speed measure.
Exclusion criteria fallers: neurological disorder.
6 Dibble and 45 older persons with Parkinson’s disease (age 70); 25 fallers (age 73), Balance task
Lange 20 non-fallers (age 66). Timed Up and Go (TUG). Speed measure.
2006 [38] Fallers: self-report of two or more falls in the previous 12 months. Cognitive task
Fall definition: an event in which the individual unintentionally Specific cognitive task used not mentioned.
comes to rest on the ground or other level.
Exclusion criteria: history of any other neurologic or an orthopedic
disorder that would affect their ambulatory or balance ability.
7 Hyndmanetal. 36 community-dwelling older people with stroke (age 67, 42% female);  Balance tasks
2006 [29] 10 fallers, 26 non-fallers. Standing on force platform (2 measures of postural sway),
Exclusion criteria: other neurological or musculoskeletal conditions walking 5 m at a comfortable pace (speed measure and 2 gait
likely to affect balance, syncope, psychiatric disorders, receptive aphasia  measures).
or uncorrected visual or hearing impairments. Cognitive task
Auditory mental task: remembering a shopping list.
Accuracy measure. The order of trials was randomized.
8 Springer et al. 19 young adults (age 29), 24 older non-fallers (age 71) and 17 older Balance task
2006 [35] fallers (age 76). Older adults were from community-centers. Walking up and down a 25-meter long hallway for 2 min.

Fallers had a self-report of one or more falls, of unknown origin,

in the previous 6 months. All fallers reported two or more falls in the
previous year.

Exclusion criteria: major depression, cognitive decline, neurological,
affective, orthopedic or other co-morbidities likely to impact gait.

Gait measures (3).

Cognitive tasks

Simple task, complex task and arithmetic task. Simple and
complex task: listening to a text, answering 10 multiple-
choice questions regarding the content of the text after the
walk. The complex task also consisted of phoneme
monitoring. Arithmetic task: serial subtractions of 7,
starting from 500. Accuracy measures (4).

The tasks were performed in a standardized order.

Added Value of Dual Tasks for Balance

Assessment in Fall Prevention Programs

Gerontology 2008;54:40-49 43



Table 1 (continued)

Article Study population Tasks, test conditions and measures
9 Vaillant et al. 95 community-dwelling older women with osteoporosis (age 73); Balance tasks
2006 [32] 25 fallers, 70 non-fallers. Timed Up and Go (speed measure), One Leg Balance test
Fallers had a self-report of one or more falls during the previous with left and right leg (time measure).
12 months. Cognitive task
Subtraction by two’s, subtraction by fives or addition by
threes. The order of tasks was randomized.
Article Study population and follow-up period Tasks, test conditions, measures

Studies with a prospective data collection of falls: prediction of future falls or fall related injury

10 Lundin-Olsson 58 institutionalized older adults (age 80, 72% female, dementia Normal walking with social interaction. Observed was
et al. (n = 26), depression (n = 25), previous stroke (n = 20)). Falls indoors whether subjects stopped walking when a conversation was
1997 [36] recorded during a 6-month follow-up period (registered by staff): started.

21 fallers (one or more falls).

11 Ashburnetal. =~ Community-dwelling Parkinson‘s disease patients. Follow-up period Balance task

2001 [27] of 3 months, in which falls recorded (phone interviews): 35 older Standing on foot plates. Measure of postural sway.
non-fallers, 22 older fallers. Cognitive task
Fall definition: event which results in a person coming to rest Make simple color judgment on a series of playing cards.
unintentionally on the ground or other lower level, not as the result
of a major intrinsic event or overwhelming hazard.
Selection criteria: scored above 8 on the Middlesex Assessment of
Mental State, no other neurological or vestibular conditions.

12 Vergheseetal. ~ Non-demented community-dwellers (age 80, 57% female, 20% Balance task

2002 [25] neuropathy, 3% previous stroke). Falls in the previous year were Walk 20 ft and back (total of 40 ft) at a normal walking pace.
obtained at baseline: 43 older non-fallers (age 79, 56% female), Speed measure.
17 older fallers (age 82, 59% female). Cognitive tasks
Follow-up period of 12 months, in which falls recorded Reciting letters of the alphabet and reciting alternate letters
(structured phone interviews): 46 older non-fallers (age 80, 54% female), of the alphabet. The order of the dual tasks was randomized.
13 older fallers (age 79, 69% female).
Fall definition: sudden, unintentional, unprovoked changes in body
posture resulting in the person being on a lower level, not due to a
major intrinsic event (stroke) or an overwhelming hazard.

13 Bootsma-van-  Older adults all aged 85 at baseline (65% female). Follow-up period Balance task
der-Wiel etal.  of 12 months, in which falls recorded (standardized questionnaire): Walk as quickly as possible back and forth along a 3-meter
2003 [41] no falls (n = 222, 64% female), one fall (n = 87, 70% female), line, for a total of 12 m and 3 turns of 180°. Gait measures (2).

recurrent falls (n = 71, 63% female). Cognitive task
Verbal fluency: recite as many names as possible of animals
or professions. Speed measure. The dual task was performed
after the single tasks.

14 Bergland and 307 community-dwellers (age 81 (75-93), all women). Registration Balance task
Wryller of falls resulting in serious fall related injury by fall calendar during a Standing on force platform. Two conditions, eyes open fixed
2004 [28] 12-month follow-up period. at target vs. blindfolded. Measures of postural sway.

Fall definition: according to Kellogg Group [14]. Cognitive tasks

Serious fall related injuries: fractures dislocations, head injuries resulting Checking whether simple calculations were correct and
in loss of consciousness, other injuries resulting in medical care. Stroop’s colored words test. The tasks were always
Exclusion criteria: major cognitive impairment. performed in the same order.

15 Camicioliand  Patients from Alzheimer Care Units. Follow-up period of 12 months Balance task

Licis in which falls recorded (bimonthly chart reviews): 24 older non-fallers Walking on a foot mat. Gait measures (10).
2004 [37] (age 82, 92% women), 18 older fallers (age 83, 78% women). Cognitive task
Fallers had one or more falls during the follow-up period. Count from one upward by ones. Fixed task order.
Fall definition: event that resulted in a person coming to rest
unintentionally on the ground or other lower level and other than a
consequence of a major intrinsic event.

16 Hyndmanand 63 older adults with recent stroke, not cognitively impaired Normal walking with social interaction. Observed was
Ashburn (age 68 (42-84), 43% women). Follow-up period of 6 months in whether subjects stopped walking for at least one second
2004 [39] which falls recorded (falls diary and 2-weekly follow-up phone calls): during conversation.

33 non-fallers, 15 one time fallers, 15 repeat fallers.
Fall definition: an event that results in a person coming to rest
unintentionally on the ground or other lower level, not as a result
of a major intrinsic event or overwhelming hazard.
Selection criteria: no other neurological conditions and no acute medical
or musculoskeletal conditions impeding mobility or balance.
44 Gerontology 2008;54:40-49 Zijlstra/Ufkes/Skelton/Lundin-Olsson/
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Table 1 (continued)

Article Study population

Intervention, tasks, test conditions, measures

Intervention studies: evaluating change in balance performance

17 Geurts et al.
1991 [40]
and gender.
Exclusion criteria: serious cognitive dysfunctions.

Eight persons with recent unilateral lower limb amputation
(age 68 (25-84), 30% women), 8 healthy controls matched for age (66)

Balance task

Standing on force platform. Measures of postural sway (2).
Cognitive task

Modified Stroop test or subtract the number 3 from an
arbitrary starting number between 50 and 100.

Speed (1 = and accuracy (1) measures.

Patients were tested at the start and the end of rehabilitation
on all tasks. Controls were measured once.

18 Lindemann
et al. 2003 [30]

47 ambulatory community-dwellers (age 73, 92% female).

Intervention

Thai Chi-Qigong lessons, 1 h once a week for 12 weeks.
Balance task

Standing on force platform. Two conditions, eyes open (EO)
vs. eyes closed (EC). Measures of postural sway (2).
Cognitive task

Silent memory task (first item Alzheimer’s disease
assessment scale). Showed 10 terms, read out loudly and
memorize. At the end, repeat as many terms as possible.
Accuracy measures (3). Pre- and post-testing single balance
tasks and dual-task EO.

19 Lajoie
2004 [33]
(age 70, 83% female).

Exclusion criteria: diabetes, neurological or sensory disorders, recurrent
dizziness or unsteadiness, use of medications that may effect balance,
joint replacement, medical conditions interfering with daily activities.

Community-dwellers and people from residential care facilities:
12 control subjects (age 71, 83% female), 12 training group participants

Intervention

Computerized balance training: stand on force platform and
visualize displacement of center of pressure (COP) by means
of monitor in front. Reference given by rectangle and red
cursor representing COP.

Asked to position cursor in centre of rectangle. 16 sessions
of 1 h over an 8-week period.

Training session = 15 trials of 1 min. Feedback fading
protocol.

Balance task

Standing on force platform. Measure of postural sway.
Cognitive task

Probe Reaction Time (RT): say ‘top’ as fast as possible after
hearing a ‘beep’. Speed measure. Pre- and post-testing dual
task, retention test 2 weeks after post-testing in training
group participants.

n = Number of subjects.

whether they are more sensitive in predicting falls and
detecting changes in balance performance after a fall in-
tervention. Despite a broad search, some studies that are
relevant for this review may have been overlooked. For
example, relevant articles in the EMBASE database that
are not labeled with the key term falling were not identi-
fied and neither were studies published in 2006 that were
added to the databases after March 15, 2007.

The structured search yielded 114 papers that report
on task performance of older people during the combina-
tion of a gait or other balance task and a cognitive task.
Only 19 of these articles were in line with the scope of this
review. Because of the small number of available relevant
papers, no methodological selection criteria were used.
As a result, the included studies are heterogeneous.

Added Value of Dual Tasks for Balance
Assessment in Fall Prevention Programs

Descriptive Aspects

Fourteen of the 19 papers presented results of relative-
ly small studies with subject numbers of 60 or less. The
studies with prospective data collection of falls by Boots-
ma-van der Wiel et al. (380 subjects) [41] and Bergland
and Wyller (307 subjects) [28] are clear positive excep-
tions in this respect. Data of the available studies are dif-
ficult to pool because of the variance in methodological
aspects. The characteristics of the studied populations
varied due to diverse selection criteria and there are dif-
ferences in the classification of fallers. Variety also ex-
isted in the task combinations that were applied. Balance
tasks differed from quiet stance under diverse testing
conditions, to walking, to performing the timed up and
go or one leg balance test; studies used a counting, sen-
tence completion, reaction time, verbal fluency task or

Gerontology 2008;54:40-49 45



Table 2. Results of the eight dual-task studies which present measures for the discriminative or predictive value for falls

Article Retrospective data collection of falls Prospective data collection of falls
2. Shumway- 5. Lajoie and 6. Dibble 10. Lundin-  11. Ashburn 12. Verghese 14.Bergland 16. Hyndman
Cooketal.  Gallagher and Lange Olsson etal. etal. etal. and Wyller  and Ashburn
2000 [31] 2004 [34] 2006 [38] 1997 [36] 2001 [27] 2002 [25] 2004 [28] 2004 [39]
Sensitivity, %
Single-task balance 87/80% 393/93° 38
Dual-task balance 80/80* 35%/93° 48 46/39 534/73%
Single-task cognitive
Dual-task cognitive 83
Specificity, %
Single-task balance 87/100% 87%/30° 85
Dual-task balance 93/93* 96°/35° 95 89/96 704/69%
Single-task cognitive
Dual-task cognitive 87
PPV, %
Single-task balance 87/90% ¢ 42
Dual-task balance 87/87%¢ 83 55/71 624/42R
NPV, %
Single-task balance
Dual-task balance 76 624/89%
Odds ratio
Single-task balance 0.37/1.3"° 1.1 4.3
Dual-task balance 0.27/1.4%" 1.1 7.0/13.7 24

A/R = All fallers/repeat fallers; */~ = positive/negative likelihood ratio; PPV = positive predictive value; NPV = negative predictive

value.

* Calculated with the goal of maximizing sensitivity, specificity and predicted probability.

* Calculated using cut-off scores reported in previous research.

b Calculated with the goal of maximizing sensitivity and minimizing the negative likelihood ratio.

¢ Overall predictive value (%).

another cognitive task. In addition, the measures that are
needed to assess and report task performance differed.
For example, studies used diverse kinetic, electromyo-
graphic, force plate and gait measures to assess balance
performance. Different follow-up times were applied and
the studies varied in whether or not the order of tasks was
randomized.

Value of Dual-Task Balance Assessments Compared to

Single-Task Assessments

None of the 19 articles reported results in a way that
allowed for a complete comparison between single and
dual balance task. For a full comparison, the same statis-
tical measure indicating the value for fall prediction or
detecting changes in balance performance needs to be
reported for both tasks of the dual task as well as the sin-
gle balance and cognitive task. Twelve evaluations did not
report measures for sensitivity-to-change, discriminative
or predictive ability.

46 Gerontology 2008;54:40-49

In two studies with retrospective data collection of
falls [31, 38], prediction numbers were reported for dual
and single balance task. Results for single and dual bal-
ance tasks were similar in both studies. However, these
results do not yet provide sufficient evidence to conclude
that single and dual balance tasks have similar value for
discriminating between fallers and non-fallers, since per-
formances on the cognitive task were not taken into ac-
count. Subjects that have difficulty with multiple tasking
may have prioritized performance on the balance task
and accepted a decline on the cognitive task. The results
of Condron and Hill [42] provide an indication that a
dual task may have added value over the single balance
task for classifying older adults into healthy adults versus
adults with mild increase in fall risk. One of the task con-
ditions in which standing on a force platform was com-
bined with a counting task showed the highest discrimi-
native ability compared to the single balance task with
prediction numbers of 80%. However, the results of the
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study do not provide any indications on the predictive
value for future falls since fall events were collected ret-
rospectively.

Two studies with prospective data collection of falls
[25, 27] reported prediction numbers for both single bal-
ance and dual balance tasks. Ashburn et al. [27] men-
tioned similar odds ratios, whereas Verghese et al. [25]
reported higher odds ratios for dual balance task perfor-
mance compared to single balance task performance. In
addition, Bergland and Wyller [28] reported that one of
the dual-task conditions gave the best predictive value
for future falls with an odds ratio of 2.4. The results by
Bergland and Wyller [28] and some of the results by Ver-
ghese et al. [25] provide some indications for an added
value of the dual balance task over the single balance
task for fall prediction. Nevertheless, concluding state-
ments on whether or not dual balance task assessments
are more sensitive for fall prediction or for detecting
changes in balance performance after fall prevention
programs cannot be made, since none of the available
relevant dual-task studies give a full report of appropri-
ate statistical measures for sensitivity-to-change, dis-
criminative or predictive value related to falls of single
and dual tasks.

Assessment Profile

The low sensitivity (i.e. <55%) reported for fall predic-
tion (see table 2) indicates that only a part of all fallers
were indentified by the dual-task assessment. The dual-
task approach may therefore be useful only for identify-
ing fallers that have increased attention demands of pos-
tural control. Other subgroups of fallers may be identi-
fied by targeting other possible risk factors for falls. An
assessment profile consisting of divergent assessments
targeting different risk factors (e.g. see Lord et al. [43]),
including a dual-task assessment, may be more predictive
of falls than a single assessment. The different subgroups
of fallers that are identified by such an assessment profile
can subsequently be targeted with a specific intervention
(e.g. strength or power training, balance training, im-
proving sensory functioning, cognitive training, reduc-
ing fear of falling, dual-task training [44-46]).

Implications for Future Studies

The results of this review clearly indicate that it is of
utmost importance to report measures of discriminative,
predictive ability or sensitivity-to-change when balance
assessments are used for fall prediction or detecting
changes in balance performance after an intervention. In
addition, this review indicates that, in the context of fall

Added Value of Dual Tasks for Balance
Assessment in Fall Prevention Programs

prevention programs, evaluations of dual versus single
balance tasks need to consider a number of issues. As de-
scribed in the preceding sentences and the methods sec-
tion of this paper, studies need to report appropriate sta-
tistical measures for both tasks of the dual-task assess-
ment and for the matching single balance and cognitive
tasks. Future studies can also investigate whether an
overall performance score that combines the scores on
the cognitive and balance task (e.g. see Lindemann et al.
[30]) is more sensitive for predicting falls or detecting
changes in balance performance than the individual bal-
ance or cognitive task score during dual-task perfor-
mance. Future studies should preferably have large sam-
ple sizes. The majority of the included studies in this re-
view only had sample sizes of 60 subjects or less. To allow
for data pooling, future studies need to standardize rel-
evant methodological aspects, e.g. inclusion and exclu-
sion criteria for subjects, classification of fallers, the spe-
cific tasks and measures, task order and follow-up time.
A standardization of dual balance task assessments re-
quires further knowledge of the performance on specific
dual balance tasks in different older populations. It is
likely that balance assessments in different subpopula-
tions of older people (e.g. institutionalized, community-
dwelling older people or older people with a specific pa-
thology) require different task combinations, since both
motor and cognitive functioning vary in these subpopu-
lations. Also, task combinations that discriminate be-
tween known fallers and non-fallers do not necessarily
have to be suitable for fall prediction or be sensitive to
changes in balance performance after a fall prevention
program. Future studies should use a prospective data
collection of falls when assessing the predictive value of
dual-task balance assessments. Most of the included stud-
ies in this review used a retrospective data collection of
falls. Studies with retrospective data collection are more
easily performed, but can only give indications of which
task combination(s) may be suitable for fall prediction.
Lastly, future studies should preferably also include ad-
ditional (validated) tests that assess different aspects of
sensory-motor functioning, balance and mobility. Thus,
dual-task balance performance can be assessed in rela-
tion to relevant sensory-motor aspects (e.g. muscle force,
sensory function) and other validated balance tests in or-
der to find out whether single or combined assessments
are more predictive of falls or more sensitive to detecting
changes in balance performance than the dual-task para-
digm alone.
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