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lder Fallers With Poor Working Memory Overestimate Their
ostural Limits

eresa Liu-Ambrose, PhD, PT, Yasmin Ahamed, BSc, Peter Graf, PhD, Fabio Feldman, MSc,
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ABSTRACT. Liu-Ambrose T, Ahamed Y, Graf P, Feldman
, Robinovitch SN. Older fallers with poor working memory
verestimate their postural limits. Arch Phys Med Rehabil
0082008;89:1335-40.

Objective: To compare the accuracy of perceived postural
imits between older fallers with good working memory and
hose with poor working memory.

Design: Cross-sectional study.
Setting: Research laboratory.
Participants: Thirty-three community-dwelling older adults

ith a history of falls.
Interventions: Not applicable.
Main Outcome Measures: We measured the accuracy of

erceived postural limits by using the perceived reach test in
3 fallers. The difference between the verbal digits forward
est score and the verbal digits backward test score was used
o provide an index of the central executive component of
orking memory. Participants were then allocated into 2
roups: (1) good working memory or (2) poor working
emory. Comparisons of group characteristics and scores
ere undertaken by using Student independent-sample t

ests for differences in means between those with good
orking memory and those with poor memory. One hierar-

hical linear regression model was constructed to determine
he independent association of the central executive compo-
ent of working memory with the accuracy of older fallers’
erceived reach capacity.
Results: There was a significant difference in the mean

ercentage error in perceived reach between older fallers with
ood working memory and those with poor working memory
P�.01). The verbal digit span difference score was indepen-
ently associated with the percentage error in perceived reach.
he verbal digit span difference score resulted in an R2 change
f 18.2% and significantly improved the regression model
F1,26 change, 7.45; P�.01).

Conclusions: Our novel results suggest that impaired exec-
tive functioning may increase falls risk by impairing older
dults’ judgment in motor planning for daily activities. How-
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ver, future studies with larger sample sizes are needed to
onfirm our current results.
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ALLS ARE A MAJOR HEALTH care problem for older
people. Falls are the third cause of chronic disability world-

ide,1 and about 30% of community-dwellers over the age of
5 experience 1 or more falls every year.2 In Canada alone, the
nnual direct medical expenditure related to falls exceeds Can
2.4 billion.3

Falls are associated with cognitive dysfunction.2 Approxi-
ately 60% of older people with cognitive impairment fall

nnually; this incidence is approximately twice that of cogni-
ively intact peers.2,4 The cognitively impaired older faller is
lso at increased risk of major injury such as fracture and head
rauma.4 After an examination of risk factors for falling in
ommunity-dwelling seniors, Tinetti et al2 reported an odds
atio of 5 for cognitive impairment; this compares with an odds
atio of 3.8 and 1.9 for disability in the lower extremities and
mpaired balance and gait, respectively. A critical domain of
ognitive function is executive functions, the higher-order cog-
itive processes that control and integrate other cognitive abil-
ties,5 such as, but not limited to, attention and perception. One
f the most critical aspects of executive functions is working
emory,6 a system that is required for complex attention,

trategy formation, and interference control. Working memory
onsists of 3 main components: the phonologic loop, the visuo-
patial sketch pad, and the central executive. The phonologic
oop and visuospatial sketch pad are recruited for the storage
nd manipulation of verbal and nonverbal information, respec-
ively.7 The central executive system is a limited-capacity
ttentional system that selects goal-relevant behavior by focus-
ng and switching attention.7

Among older adults, impaired executive functions have been
hown to be associated with falls.8-11 Specifically, impaired
xecutive function is associated with an increased risk of a
ajor fall-related injury,12 impaired balance,13,14 impaired

ait,15-18 impaired balance recovery,19 and reduced obstacle
voidance ability20,21 in older adults. The successful perfor-
ance of a challenging or complex locomotor task depends on

he structural integrity and functionality of the neurologic
tructures that subserve the central executive.22

To date, studies of central executive functioning and falls
ave largely focused on dual-tasking, the ability to focus si-

List of Abbreviations

ABC Activities-specific Balance Confidence
BDI Beck Depression Inventory
MMSE Mini-Mental State Examination

TUG Timed Up & Go
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ultaneously on several relevant stimuli. Specifically, these
tudies examined older adults’ ability to simultaneously per-
orm cognitive and motor operations, such as walking while
arrying on a conversation.11,23 Impaired ability to talk while
alking has been shown to predict falls in community-dwelling
ondemented seniors.24

However, impaired executive functioning may also increase
alls risk by impairing older adults’ judgment in motor plan-
ing for daily activities (eg, walking, reaching). Rapport et al9

howed that poor performance on standard neuropsychologic
ests sensitive to response inhibition, a key process of executive
unctioning, accounted for unique variance in falls. Thus, we
onducted a cross-sectional study to compare the accuracy of
erceived postural limits between older fallers with good work-
ng memory and older fallers with poor working memory. We
ypothesized that older fallers with poor working memory have
he tendency to overestimate the limits of their postural stabil-
ty.

METHODS

articipants
The sample consisted of 33 men and women recruited from

he community. We included those who (1) were aged 65 years
nd older, (2) reported 1 or more nonsyncopal falls in the last
2 months, (3) were living independently in their own home,
4) were able to stand unassisted for 10 minutes, and (5)
btained a score 24 or higher on the MMSE.25 We excluded
hose who (1) had a diagnosed neurodegenerative disease (eg,
lzheimer’s disease) and stroke, (2) were taking psychotropic
rugs, or (3) did not speak and understand English. We re-
tricted our study sample to older adults with a history of falls
o reduce the number of potential confounding variables that
ay influence one’s ability to accurately determine his/her

each capacity (eg, fear of falling). A fall was defined as an
nexpected event in which the participant comes to rest on the
round, floor, or lower level. The study was approved by the
elevant ethics boards, and all participants provided written
nformed consent.

ample Size
Based on previous work by Robinovitch and Cronin,26 we

ssumed that there would be a 5% difference in the percentage
rror of perceived reach between older adults with good work-
ng memory and older adults with poor working memory. We
lso assumed a common SD of 5%. Based on these assump-
ions, a sample of 13 persons per group would provide a power
f .80 at an � level of .05.

escriptive Variables
Standing height was measured twice as stretch stature to the

earest 0.1cm by using standard protocol. Weight was mea-
ured twice to the nearest 0.1kg on a calibrated digital scale.

ean values were used for analysis.
Global cognitive state was assessed by using the MMSE.25

e used the BDI27 to screen for depression. BDI scores range
rom 0 (no depression) to 63 (severe depression).27 The occur-
ence of falls in the last 12 months was ascertained by means
f an interview.
Falls-related self-efficacy was assessed with the 16-item

BC scale.28 Each scale item is rated from 0% (no confidence)
o 100% (complete confidence). Functional mobility was as-
essed by the TUG test.29 Participants were instructed to rise
rom a standard chair with arms (seat height, 45cm; arm height,

2cm), walk a distance of 3m, turn, walk back to the chair, and a

rch Phys Med Rehabil Vol 89, July 2008
it down again. A stopwatch was used to record times, and the
ean of 2 trials was calculated and used for statistical analysis.

ccuracy of Perceived Postural Limits: Perceived
each Test
We measured the accuracy of perceived postural limits by

sing the perceived reach test.26,30 To ensure that the partici-
ants had a clear understanding of the task, the assessors first
howed the task, and participants were then required to ver-
ally describe the specific movements involved to the asses-
ors. Participants were required to first estimate their reach
apacity and then execute maximum-distance forward reaches.
pecifically, participants stood with their feet shoulder-width
part and right shoulder 3cm from the wall. The back of their
eels were aligned along a clearly marked line on the floor. A
lank tape measure was mounted on the wall, starting from the
oint corresponding to the marked line on the floor and ex-
ending horizontally at the height of the participant’s acromion.
ach participant’s arm length was measured as the distance

rom the participant’s heels to the tip of his/her longest finger
hile they held their arm at 90° of forward flexion. The
articipant was then asked to visually estimate his/her maxi-
um forward reach, defined as the distance from the partici-

ant’s heels to the tip of his/her longest finger, when reaching
orwards as far as possible while maintaining the fingertip at
he height of the shoulders and without lifting his/her heels. To
cquire estimated reach values, the assessor would slowly slide
yellow cylindrical pointer of 1cm in diameter and 15cm in

ength, held perpendicular to the wall, along the blank measur-
ng tape away from the participant. Participants were instructed
o say the word stop when it reached their estimated maximum
orward reach. The participant was then asked to confirm
is/her satisfaction with the estimate and given the opportunity
o revise it. The estimates of forward reach were marked
iscretely by the assessors on the blank measuring tape and
easured in centimeters after the tape was removed from the
all. Three trials of estimated forward reach were performed,

nd the mean was used for statistical analysis.
The digit span tests (see Working Memory: Verbal Digit

pan Tests section) were administered between the estimation
rials and the actual performance trials. We acquired 3 trials of
ctual forward reach by using the protocol described in the
revious paragraph. Three trials of actual forward reach were
erformed, and the mean was used for statistical analysis. We
alculated the percentage error in perceived reach as: ([mean
ctual reach � mean estimated reach])(mean actual reach) �
00.
Positive percentage error scores indicate underestimation,

hereas negative percentage error scores indicate overestima-
ion of forward reach. We also calculated the reach excursion
or each participant as actual reach minus arm length.

The reliability of both the estimated and actual reach per-
ormance of the perceived reach test is high (intraclass corre-
ation coefficient �.90).26,30 Of specific relevance to falls risk,
obinovitch and Cronin26 found that among older adults those
ith impaired balance tended to overestimate their maximum

orward reach.

orking Memory: Verbal Digit Span Tests
We used the verbal digits forward and verbal digits back-

ard tests to index the central executive component of working
emory.31 Both tests consist of 7 pairs of random number

equences that the assessor reads aloud at the rate of 1 per
econd. The sequence begins with 3 digits and increases by one

t a time up to a length of 9 digits. The test includes 2
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equences of each length, and testing ceases when the partic-
pant fails to recollect any 2 with the same length. The score
ecorded, ranging from 0 to 14, is the number of successful
equences. For the verbal digits forward test, the participant’s
ask is to repeat each sequence exactly as it is given. For the
erbal digits backward test, the participant’s task is to repeat
ach sequence in the reversed order. Higher scores indicate
etter performance.
Both verbal digit span tests represent a measure of the

apacity of the phonologic loop. Successful performance on the
erbal digits span backward test represents a measure of central
xecutive function because of the additional requirement of
anipulation of information within temporary storage.7 Thus,
e calculated the difference between the verbal digits forward

est score and the verbal digits backward test score to provide
n index of the central executive component of working mem-
ry. Participants were then allocated into 2 groups based on
heir verbal digit span difference score: (1) good working
emory or (2) poor working memory. Hester et al32 recom-
end a cutoff difference score of greater than 4 to indicate poor
orking memory. Thus, in this study, participants who had a
ifference score of greater than 4 were classified as having poor
orking memory.

ata Analyses
Data were analyzed by using SPSSa for Windows. Descrip-

ive data are reported for variables of interest. Comparisons of
roup characteristics and scores were undertaken by using
tudent independent-sample t tests for differences in means
etween those with good working memory and those with poor
emory. Also, single-sample t tests were used to assess

Table 1: Descriptive Statistics for

Variable
Entire Co

(N�3

Age (y) 79�

Height (cm) 155.7�

Weight (kg) 74.5�

MMSE score (max, 30 points) 28�

BDI score (max, 63 points) 5�

Education*
High school certificate or diploma 7 (2
Trades/professional certificate or diploma 10 (3
University certificate or diploma 2 (6
University degree 6 (1

Female* 27 (8
TUG test (s) 12.8�

Verbal digits span
Forward test (max, 14 points) 7�

Backward test (max, 14 points) 4�

Difference score 4�

Perceived reach (cm) 102.4�

Actual reach (cm) 95.5�

Arm length (cm) 64.5�

Reach excursion (cm) 31.2�

Percentage error in perceived reach �8.0�

OTE. Values are mean � SD. MMSE scores from 24 to 30 equate to
to 17 equate to severe cognitive impairment.29 BDI scores from 0

9 equate to moderate depression, and 30 to 63 equate to severe de
isk of falling.18 Age-normative values (ie, 75–79y) for verbal digits s
.17 Verbal digit span difference score � verbal digits span forward
alue (ie, 75–79y) for the verbal digit span difference score equals 3.
erceived reach � (mean actual reach � mean perceived reach)/me

The number of yes cases within each group with the percentage of yes
The significant difference between the 2 groups at P�.02.
hether, in those with good working memory and those with
oor working memory, the mean percentage error in perceived
each significantly differed from zero.

The level of association between the percentage error of
erceived reach and variables of interest was examined by
sing the Pearson product-moment coefficient of correlation.
lpha was set at P less than or equal to .05.
One hierarchical linear regression model was constructed to

etermine the independent association of the central executive
omponent of working memory with the accuracy of older
allers’ perceived reach capacity. In this model, the dependent
ariable was the percentage error in perceived reach. Age and
DI score were statistically controlled by forcing these 2

ndependent variables into the regression model first. The ver-
al digit span difference score was then entered into the re-
ression model. The independent variables were determined
rom the results of the Pearson product-moment coefficient of
orrelation analyses (ie, BDI score) and based on biologic
elevance (ie, age).

RESULTS

haracteristics of the Participants
Table 1 reports descriptive statistics for relevant descriptor

ariables and the outcome measures of interest. All results are
ean � SD unless noted otherwise.
Overall, our cohort of older fallers overestimated their reach

apacity by 8%. The participants also performed below age-
ormative values for both the verbal digits span forward test
nd the verbal digits span backward test. Based on the mean
UG test time, those with poor working memory were at a

riptors and Measures of Interest

Poor Working Memory
(n�16)

Good Working Memory
(n�17)

81�6 76�7
155.6�27.2 155.7�23.4
72.8�29.5 76.0�28.4

28�2 28�2
5�4 5�5

2 (12) 5 (31)
7 (41) 3 (19)
1 (6) 1 (6)
3 (18) 3 (19)

12 (71) 15 (94)
13.6�3.2 12.0�3.3

8�2 6�2†

3�2 5�2†

6�1 2�2†

104.6�11.9 100.6�16.8
91.4�13.2 98.6�10.4
66.3�8.1 63.2�6.9
25.6�12.7 35.3�9.1†

�16.0�15.7 �1.9�10.6†

itive impairment, 18 to 23 equate to mild cognitive impairment, and
equate to no depression, 10 to 18 equate to mild depression, 19 to
sion.12,30 A TUG test time of 13.5 seconds or more indicates a high
forward score equals 9 and for verbal digits span backward equals
core � verbal digits span backward test score. The age-normative

ach excursion � actual reach � arm length. The percentage error in
tual reach.
Desc

hort
3)

7
24.9
28.5
2
4

1)
0)
)
8)
2)
3.3

2
2
2
14.7
11.9
7.4
11.7
14.7

cogn
to 9
pres
pan
test s

17 Re
an ac
cases within each group.
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elatively higher risk of falling.33 Older adults with good work-
ng memory had obtained significantly greater reach excursion
han those with poor working memory (P�.02).

ercentage Error in Perceived Reach
There was a significant difference in the mean percentage

rror in perceived reach between older fallers with good work-
ng memory and those with poor working memory (P�.01).
pecifically, older fallers with poor working memory overes-

imated their reach capacity by 16% compared with 2% by
lder fallers with good working memory. The mean percentage
rror in perceived reach differed significantly from zero
P�.01) in those with poor working memory but not in those
ith good working memory (P�.48).

orrelation Coefficients
Both the BDI score and the verbal digit span difference score

ere significantly associated with the percentage error in per-
eived reach (table 2). The remaining variables were not sig-
ificantly associated with the percentage error in perceived
each.

ierarchical Linear Regression Model
The verbal digit span difference score, an index of the

entral executive component of working memory, and BDI
core were independently associated with the percentage error
n perceived reach in the final model (table 3). Age and BDI
core together accounted for 18.3% of the total variance. Add-
ng the verbal digit span difference score resulted in an
2 change of 18.2% and significantly improved the model

Table 2: Pearson Product-Moment Coefficient Matrix Between
Age, Global Cognition (MMSE Score), Depression (BDI Score),

Falls-Related Self-Efficacy (ABC Scale Score), Functional Mobility
(TUG Test), the Central Executive Component of Working

Memory (Verbal Digit Span Difference Score), and the Percentage
Error in Perceived Reach (N�33)

Variable*
Percentage Error in

Perceived Reach

Age (y) .07
MMSE score �.18
BDI score .41†

ABC score �.15
TUG test (s) .11
Verbal digit span difference score* �.39‡

Verbal digit span difference score � verbal digits span forward test
core � verbal digits span backward test score.
P�.01.
P�.05.

Table 3: Hierarchical Linear Regression Model Summary for

Independent Variable† R2 R2 Ch

Model 1 .183 .18
Age
BDI score

Model 2 .365 .18
Age
BDI score
Verbal digit span difference score
Percentage error in perceived reach � (mean actual reach � mean perc
Verbal digit span difference score � verbal digits span forward test sco

rch Phys Med Rehabil Vol 89, July 2008
F1,26 change, 7.45; P�.01). The total variance accounted for
y the final model was 36.5%.

DISCUSSION
We found that the central executive component of working
emory was independently associated with the accuracy of

lder fallers’ perceived reach capacity. To our knowledge, this
s the first study that has examined the independent association
f executive function (ie, working memory) to older fallers’
erception of postural limits. The postural limit is the horizon-
al displacement of the body’s center of gravity with respect to
he base of support provided by the feet, beyond which step-
ing is required to prevent a fall.34 This study’s results suggest
hat impaired executive functioning may increase falls risk by
mpairing older adults’ judgement in motor planning for daily
ctivities, such as reaching. Our results also highlight that
mpaired executive functions exists in older fallers who show
ntact global cognitive function.

There is increasing evidence of an association between im-
aired cognition and falls in older adults,35,36 but there is scant
nowledge relating to the underlying mechanisms. We hypoth-
sized that impaired executive functions may increase falls risk
n older adults, not only via decreased dual-tasking ability as
hown by previous studies11,24 but also via impaired judgment
n motor planning. A previous study of 1571 persons showed
hat older fallers believed their own risk-taking behavior was a
ore common cause of falling than their health or environ-
ental factors.37 To plan successful movements depends on

perating within one’s neuromuscular constraints. For this to
ccur, an accurate awareness of these constraints is necessary.
lder adults with inaccurate awareness of their neuromuscular

onstraints may increase their risk of falling by (1) planning
nd executing movements that create loss of balance (ie, over-
stimation of ability) or (2) remaining physically inactive to
void opportunities for the loss of balance and thus reducing
hysiologic function (ie, underestimation of one’s ability).
Given that our sample consisted entirely of older fallers, we

xpected that the participants would underestimate their reach
apacity at least in part because of reduced falls-related self-
fficacy. Instead, we observed a mean overestimation of 8%
nd found that falls-related self-efficacy was not significantly
ssociated with the percentage error of perceived reach. Spe-
ifically, older fallers with poor working memory (ie, verbal
igit span difference score �4) significantly overestimated
heir reach capacity by 16%, whereas those with good working
emory did not. However, older adults with good working
emory had significantly greater reach excursions than those
ith poor working memory. One rationale for this interesting
ifference may be that those with good short-term memory
erformed better on the perceived reach test simply because

ercentage Error in Perceived Reach in Older Fallers (N�33)

Percentage Error in Perceived Reach*

Unstandardized B (SE) Standardized � P

.07
.003 (.004) .124 .49
.013 (.006) .425 .02

.01
.006 (.004) .297 .09
.013 (.005) .396 .02

�.027 (.010) �.462 .01
the P

ange

3

2

eived reach)/mean actual reach.
re � verbal digits span backward test score.
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hey remembered their estimated reach distance and con-
ciously aimed for this distance when performing the actual
each. However, we made efforts to minimize this effect by (1)
sing a new blank tape measure for each assessment of per-
eived reach and actual reach and (2) incorporating a 20-
inute break between the perceived reach trials and the actual

each trials; the verbal digit span tests were administered dur-
ng this 20-minute interval. Also, older adults with poor work-
ng memory performed better on verbal digits span forward, a
easure of short-term memory. We note that depressive symp-

oms (ie, BDI score) were associated with an underestimation
f reach capacity among our participants; it may be that those
ith depressive symptoms were generally less motivated or

nterested. In addition, people with depressive symptoms may
lso suffer from low levels of confidence in many different
reas of life. Thus, the possibility exists that those with depres-
ive symptoms underestimated their reach capacity because of
ow levels of confidence.

Current evidence supports our finding that impaired execu-
ive functions can exist concurrently with intact global cogni-
ive function.38 Impaired executive functions may, in many
ases, be caused by underlying structural changes in subcorti-
al and periventricular white matter of the brain,15,39 such as
olume reduction, neuronal atrophy, synapse loss, change in
eurochemistry, senile plaques, infarcts, and lesions.15,39 These
hanges have been shown to correlate with declines in gait and
mpaired balance.40 Specifically, Whitman et al40 showed that
he development of gait and balance dysfunction in older adults
as associated with a gradual onset of cerebral white-matter

esions. Thus, although many of the structural changes associ-
ted with impaired executive functions are clinically silent,
hey are prevalent41 and may result in an increased falls risk.

Our results significantly add to the current literature on the
elationship between impaired executive functions and falls.
he majority of research to date has focused solely on the
ontribution of impaired dual-tasking to falls,11,24 and, thus,
ur findings generate novel hypotheses. The need for falls
esearch to include cognitive function measures has been high-
ighted.36

Given the observed relationship between executive function-
ng and the ability to determine one’s limits of stability, effec-
ive falls-prevention strategies should not only target physio-
ogic impairments (eg, muscle weakness) and environmental
azards but also executive functions in older adults. Current
vidence suggests that exercise, specifically aerobic training,
as robust but selective benefits for cognition, with the largest
enefits occurring for executive functions in older adults aged
5 years and older.42 More research is needed to ascertain
hether exercise, such as aerobic training, may ameliorate

xecutive functions in older adults with a history of falls.

tudy Limitations
We acknowledge several limitations in the current study.

irst, behavioral factors, such as one’s level of motivation and
ompetitiveness, have potential effect on our measures of max-
mum forward reach. However, we minimized such effects by
ncouraging participants in these measures to reach a little
urther until imbalance was observed. To motivate participants
o obtain their maximum forward reach, we suggest that future
tudies use verbal instructions that would create visual imag-
ries of common everyday activities, such as passing a glass of
ine over a sofa without spilling it. A second limitation is that
e measured the older fallers’ judgment in motor planning for
aily activities in a single, but common, scenario. Also, our
articipants were all older adults with a history of falls in the

ast year, and, thus, our results may not apply to older adults
ithout a history of falls. Finally, our small study sample
imited the number of independent variables that we could
nter into the regression model.

CONCLUSIONS
The central executive component of working memory was

ndependently associated with the accuracy of older fallers’
erceived reach capacity. Our novel results suggest that im-
aired executive functioning may increase falls risk by impair-
ng older adults’ judgment in motor planning for daily activi-
ies. However, future studies with larger sample sizes are
eeded to confirm our current results.

References
1. Global and regional descriptive epidemiology of disability: inci-

dence, prevalence, health expectancies, and years lived with dis-
ability. In: Murray C, Lopez A, editors. The global burden of
disease. Boston: Harvard School of Public Health; 1996. p 201-46.

2. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among
elderly persons living in the community. N Engl J Med 1988;319:
1701-7.

3. Angus E, Albert T, Chénard D, Shariatmadar A, Pickett W,
Hartling L; The Hygeia Group. The economic burden of uninten-
tional injury in Canada. Toronto: SMARTRISK Foundation;
1998.

4. van Dijk PT, Meulenberg OG, van de Sande HJ, Habbema JD.
Falls in dementia patients. Gerontologist 1993;33:200-4.

5. Stuss DT, Alexander MP. Executive functions and the frontal
lobes: a conceptual view. Psychol Res 2000;63:289-98.

6. Goldman-Rackic P. Specifications of higher cortical functions.
J Head Trauma Rehabil 1993;8:13-23.

7. Baddeley A. Working memory. Science 1992;255:556-9.
8. Rapport LJ, Webster JS, Flemming KL, et al. Predictors of falls

among right-hemisphere stroke patients in the rehabilitation set-
ting. Arch Phys Med Rehabil 1993;74:621-6.

9. Rapport LJ, Hanks RA, Millis SR, Deshpande SA. Executive
functioning and predictors of falls in the rehabilitation setting.
Arch Phys Med Rehabil 1998;79:629-33.

0. Lord S, Fitzpatrick R. Choice stepping reaction time: a composite
measure of falls risk in older people. J Gerontol A Biol Sci Med
Sci 2001;10:M627-32.

1. Lundin-Olsson L, Nyberg L, Gustafson Y. “Stops walking when
talking” as a predictor of falls in elderly people. Lancet 1997;349:
617.

2. Nevitt MC, Cummings SR, Hudes ES. Risk factors for injurious
falls: a prospective study. J Gerontol 1991;46:M164-70.

3. Dault MC, Geurts AC, Mulder TW, Duysens J. Postural control
and cognitive task performance in healthy participants while bal-
ancing on different support-surface configurations. Gait Posture
2001;14:248-55.

4. Maki BE, Zecevic A, Bateni H, Kirshenbaum N, McIlroy WE.
Cognitive demands of executing postural reactions: does aging
impede attention switching? Neuroreport 2001;12:3583-7.

5. Kuo H-K, Lipsitz LA. Cerebral white matter changes and geriatric
syndromes: is there a link? J Gerontol A Biol Sci Med Sci
2004;59:M818-26.

6. Holtzer R, Verghese J, Xue X, Lipton RB. Cognitive processes
related to gait velocity: results from the Einstein Aging Study.
Neuropsychology 2006;20:215-23.

7. Ble A, Volpato S, Zuliani G, et al. Executive function correlates
with walking speed in older persons: the InCHIANTI study. J Am
Geriatr Soc 2005;53:410-5.

8. Springer S, Giladi N, Peretz C, Yogev G, Simon ES, Hausdorff
JM. Dual-tasking effects on gait variability: the role of aging,

falls, and executive function. Mov Disord 2006;21:950-7.

Arch Phys Med Rehabil Vol 89, July 2008



1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

a

1340 FALLERS OVERESTIMATE POSTURAL LIMITS, Liu-Ambrose

A

9. Brauer SG, Woollacott M, Shumway-Cook A. The interacting
effects of cognitive demand and recovery of postural stability in
balance-impaired elderly persons. J Gerontol A Biol Sci Med Sci
2001;56:M489-96.

0. Persad CC, Giordani B, Chen HC, et al. Neuropsychological
predictors of complex obstacle avoidance in healthy older adults.
J Gerontol B Psychol Sci Soc Sci 1995;50:P272-7.

1. Di Fabio RP, Kurszewski WM, Jorgenson EE, Kunz RC. Footlift
asymmetry during obstacle avoidance in high-risk elderly. J Am
Geriatr Soc 2004;52:2088-93.

2. Grillner S, Parker D, el Manira A. Vertebrate locomotion—a
lamprey perspective. Ann N Y Acad Sci 1998;860:1-18.

3. Pettersson AF, Olsson E, Wahlund LO. Effect of divided attention
on gait in subjects with and without cognitive impairment. J
Geriatr Psychiatry Neurol 2007;20:58-62.

4. Verghese J, Buschke H, Viola L, et al. Validity of divided atten-
tion tasks in predicting falls in older individuals: a preliminary
study. J Am Geriatr Soc 2002;50:1572-6.

5. 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;12:189-98.

6. Robinovitch SN, Cronin T. Perception of postural limits in elderly
nursing home and day care participants. J Gerontol A Biol Sci
Med Sci 1999;54:B124-30; discussion B131.

7. Beck AT, Beck RW. Screening depressed patients in family
practice. A rapid technic. Postgrad Med 1972;52:81-5.

8. Powell L, Myers A. The Activities-specific Balance Confidence
(ABC) scale. J Gerontol 1995;50A:M28-34.

9. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc
1991;39:142-8.

0. Robinovitch SN. Perception of postural limits during reaching. J
Mot Behav 1998;30:352-8.

1. Wechsler D. Wechsler Adult Intelligence Scale–Revised. New

York: Psychological Corp; 1981.

rch Phys Med Rehabil Vol 89, July 2008
2. Hester R, Kindella G, Ong B. Effect of age on forward and
backward span tasks. J Int Neuropsychol Soc 2004;10:475-81.

3. Shumway-Cook A, Brauer S, Woollacott M. Predicting the prob-
ability for falls in community-dwelling older adults using the
Timed Up & Go Test. Phys Ther 2000;80:896-903.

4. King MB, Judge JO, Wolfson L. Functional base of support
decreases with age. J Gerontol 1994;49:M258-63.

5. Shaw FE. Falls in cognitive impairment and dementia. Clin Geri-
atr Med 2002;18:159-73.

6. Hausdorff JM, Yogev G. Cognitive function may be important for
fall injury prevention trials. J Am Geriatr Soc 2006;54:865; author
reply 865-6.

7. Hornbrook MC, Wingfield DJ, Stevens VJ, Hollis JF, Greenlick
MR. Falls among older persons: antecedents and consequences.
In: Weindruch R, Hadley E, Ory MG, editors. Reducing frailty
and falls in older persons. Springfield: CC Thomas; 1991. p
1060-125.

8. Royall DR. Prevalence of executive control function (ECF) im-
pairment among healthy non-institutionalized retirees: the Free-
dom House Study. Gerontologist 1998;38S:314-5.

9. West RL. An application of prefrontal cortex function theory to
cognitive aging. Psychol Bull 1996;120:272-92.

0. Whitman GT, Tang Y, Lin A, Baloh RW. A prospective study of
cerebral white matter abnormalities in older people with gait
dysfunction [published erratum in: Neurology 2001;57:1942].
Neurology 2001;57:990-4.

1. Thal DR, Del Tredici K, Braak H. Neurodegeneration in normal
brain aging and disease. Sci Aging Knowledge Environ 2004;
2004:pe26.

2. Colcombe S, Kramer AF. Fitness effects on the cognitive
function of older adults: a meta-analytic study. Psychol Sci
2003;14:125-30.

Supplier
. Version 15.0; SPSS Inc, 233 S Wacker Dr, 11th Fl, Chicago, IL
60606.


	Older Fallers With Poor Working Memory Overestimate Their Postural Limits
	METHODS
	Participants
	Sample Size
	Descriptive Variables
	Accuracy of Perceived Postural Limits: Perceived Reach Test
	Working Memory: Verbal Digit Span Tests
	Data Analyses

	RESULTS
	Characteristics of the Participants
	Percentage Error in Perceived Reach
	Correlation Coefficients
	Hierarchical Linear Regression Model

	DISCUSSION
	Study Limitations

	CONCLUSIONS
	References
	Supplier


