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Concern About Falls Elicits Changes in Gait Parameters
in Conditions of Postural Threat in Older People
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Background. Previous studies have indicated that gait patterns in older people may be affected by concern about fall-
ing. The aim of this study was to examine the effects of concern about falling and physiological falls risk on gait perfor-
mance using a paradigm in which concern about falling was experimentally induced.

Methods. Forty-four community-living older adults (17 men, 27 women) with a mean age of 76.8 (standard deviation =
5.2) years walked at self-selected speeds on the floor and on a 60-cm elevated walkway in normal and dim lighting condi-
tions. Temporal and spatial gait parameters, muscle activity, measures of physiological arousal, physiological falls risk,
and concern about falls were assessed.

Results. Physiological falls risk was associated with slower walking speeds in all conditions including the optimal
(floor) condition (p =.029). In the elevated walkway conditions, concern about falls (both self-report and as indicated by
physiological arousal) was increased and participants walked more slowly, took shorter steps, decreased their cadence,
and spent more time in double support (p < .005). Disproportionately large reductions in walking speed were evident in
participants with greater concern about falling (p = .018).

Conclusions. These findings suggest that walking performance is influenced by both physiological and psychological
factors. Physiological falls risk appears to determine walking speed under optimal conditions, whereas concern about

falling elicits greater (possibly excessive) gait adjustments under conditions of postural threat.
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OOR walking performance has previously been as-

sociated with older age, increased risk of falling, and
greater concern about falling. Changes in spatial and tempo-
ral gait parameters in older people due to concern about fall-
ing have been demonstrated via reduced speed (1-6), shorter
stride length (1-4), prolonged double-support time (1,4),
and increased gait variability (4,7). Similar changes have
been associated with older age (8) and increased physiolog-
ical falls risk (9). The question arises whether a combination
of the aforementioned factors might further induce changes
in walking performance, such that excessive concern could
lead to extreme carefulness and adoption of overly cautious
behaviors to reduce a perceived high risk of falling.

By manipulating the environment in a way that exacer-
bates the potential consequences of a fall, it is possible to
investigate whether concern about falls induces gait adapta-
tions. Several studies have suggested that environmental
manipulations can induce concern regarding the possibility
of a fall (10-22). Some studies have demonstrated de-
creased sway while standing on an elevated platform, which
was mediated by a stiffening strategy at the ankle joint (10—
18). Brown and colleagues also described significant
changes in gait parameters on an elevated walkway as evi-

denced by (a) a slowed speed, a shorter stride length, and
longer time spent in double support; (b) reduced joint an-
gles and reduced variability of joint kinematics; and (c) an
increased level of muscle activation in the lower leg muscu-
lature (19-22).

Although work to date has provided valuable insights
regarding the potential influence of concern about falling on
gait, it has been limited in two ways. First, the method of
inducing fall-related concern during walking by environ-
mental manipulation (i.e., narrow beam walking), in effect,
changed the nature of the task (restricted stride width), mak-
ing it difficult to identify the cause of the subsequent gait
alterations (19-22). Second, previous work has been re-
stricted to healthy older adults without a concern about fall-
ing (10-17,19-22). In this study, we aimed to address these
issues. We provided an environmental manipulation without
constraining the participant or the support surface. This
comprised an elevated walkway, dimmed lighting, and no
provision of protective devices such as a harness. We also
studied older people with a range of physiological falls risk
and levels of concern about falling to investigate the effect of
both physiological and psychological factors on walking
performance.
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METHODS

Participants

Forty-four older adults were recruited from a cohort of
1,042 community-dwelling men and women living in eastern
Sydney aged 70 years and older (study in progress, please
see Acknowledgments). Participants for this study were
randomly selected from subgroups with high and low levels
of concern about falls, and high and low physiological fall
risk scores, defined below while matched for gender. This
provided four groups of at least 10 participants with the fol-
lowing combinations of concern and risk: high concern/
high risk, high concern/low risk, low concern/high risk, and
low concern/low risk. Exclusion criteria were neurological,
cardiovascular, or major musculoskeletal impairments (de-
termined at a baseline physiological assessment) that pre-
cluded participants to walk for 20 m without a walking aid.
Information pertaining to previous falls, medical conditions,
medication use, levels of functioning during daily activities,
and mental status was also obtained and is presented in
Table 1. Levels of disability were assessed using the 12-item
World Health Organization Disability Assessment Schedule
(23). This is a multidimensional questionnaire that provides
a general disability score on a 4-point scale (1 =none to 5 =
extreme/cannot do; total score range 0-36) across six do-
mains (ie, understanding and communicating, getting
around, self-care, getting along with others, household and
work activities, and participation in society). Mental status
was assessed using the Mini-Mental State Examination. The
study was approved by the University of New South Wales
Human Studies Ethics Committee and all participants pro-
vided informed consent prior to participation.

Baseline Measures

The Physiological Profile Assessment (PPA) was used to
gain an estimate of physiological falls risk (9). The PPA con-
tains five validated measures of physiological function: (a)
visual contrast sensitivity—assessed using the Melbourne
Edge Test; (b) proprioception—measured using a lower
limb—matching task, where errors in degrees are recorded
using a protractor inscribed on a vertical clear acrylic sheet
placed between the legs; (c) quadriceps strength—
measured isometrically in the dominant leg, while partici-
pants are seated with the hip and knee flexed to 90°; (d)
simple reaction time—measured using a light stimulus and a
finger press as the response; and (e) postural sway (area as a
product of maximum anteroposterior and mediolateral
displacements)—measured using a sway meter recording
displacements of the body at the level of the pelvis, while
participants stood on a foam rubber mat with eyes open. In
multivariate models, weighted contributions from these five
variables (standardized canonical coefficients = —.33 for vi-
sual contrast sensitivity, .20 for lower limb proprioception,
47 for hand reaction time to a visual cue, —.16 for quadri-

Table 1. Demographic, Fall Risk, Falls Efficacy, Fall History,
Health, and Medical Characteristics of the Study Population

Mean (SD) or
Number (%)
Age (y) 76.9 (5.1)
Female gender (%) 27 (61.4)
One or more falls in previous year (%) 9 (20.5)
Two or more chronic medical conditions* (%) 12 (27.3)
Four or more medications (%) 5(13.6)
Cardiovascular system medications (%) 19 (43.2)
Central nervous system medications (%) 5(13.6)
Height (cm) 168.1 (9.1)
Physiological Profile Assessment falls risk score (z score) 0.80 (0.83)
Falls Efficacy Scale International score (range 16-64) 22.2 (5.6)
World Health Organisation Disability Assessment Schedule 16.4 (5.0)
score (range 0-36)
Mini-Mental State Examination score (range 0-30) 28.0(1.4)

ceps strength, and .51 for postural sway) provide a fall risk
score that can predict community-dwelling people at risk of
multiple falling with 75% accuracy for a 12-month period
(9). Clinically, fall risk scores of less than 1 can be inter-
preted as being at a low to mild risk of falling, and fall risk
scores of 1 and above as being at a moderate to high risk of
falling (9).

Concern about falling was evaluated using the Falls Ef-
ficacy Scale International (FES-I) (24). FES-I provides in-
formation on level of concern on a 4-point scale (1 = not at
all concerned to 4 = very concerned; total score range 16—
64) across 16 activities of daily living (eg, cleaning the
house, simple shopping, walking on uneven surface). The
FES-I has excellent reliability (Cronbach’s alpha = .97,
test-retest = .94) (24). For purposes of this study, FES-I
scores of less or equal to 22 were interpreted as a low to
moderate level of concern, and scores of 23 and above were
interpreted as a high level of concern. This cutoff point cat-
egorized people as having a high level of concern if they
recorded at least some concern on seven or more items but
also allowed for people who were very concerned only with
regard to the most hazardous activity, that is, walking on a
slippery surface, to be classified as having a low or moder-
ate concern. Using this criterion, 33% of the larger com-
munity sample from which this subgroup was drawn would
be classified as having a high level of concern about falls—a
figure consistent with other published studies (25).

Protocol

Participants were instructed to walk at their usual, com-
fortable walking speed. The trials were conducted in two
light (bright and dim; 700 and 5 lux [TENMA light meter;
TENMA, TW, Taiwan]) and two level (floor and 60-cm
height) conditions, for a total of four different conditions:
floor bright, floor dim, height bright, and height dim. The
elevated walkway was 720 cm long and 120 cm wide, as
illustrated in Figure 1. Participants were required to walk
within a 40-cm-wide strip of the walkway (a distance that
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Figure 1. Schematic representation of two extreme testing conditions:
(A) floor light (700 1ux), (B) height dim (5 lux).

did not restrict stride width) adjacent to the mat/platform
edge. Condition presentation order was randomized. No
practice was provided and participants did not wear a safety
harness. To enhance safety, two experimenters were present
at all times and observed the participants throughout the
study, and participants were reminded that they could with-
draw from the study at any time if they felt unsafe. Four
trials were recorded for each condition and data were aver-
aged for subsequent analyses.

Spatial and temporal gait parameters were measured with
a GAITRite® system (CIR Systems Inc., Clifton, NJ). The
standard GAITRite system is a mat of 460-cm length with
an active sensor area of 366-cm long and 61-cm wide. Gait
parameters were obtained from GAITRite Gold Software
Version 3.3 and included speed (cm/s), step length (cm),
cadence (steps/min), double-support time—time spent with
both feet in stance (s)—and stride width (cm).

Participants were asked to indicate their level of concern
regarding the task before and immediately following each
condition on a 10-point Likert scale (1 = not at all con-
cerned; 10 = most concern imaginable).

Mean galvanic skin conductance and mean blood pres-
sure were used to indicate any change in physiological
arousal imposed by the different testing conditions. Bipolar
finger electrodes were placed on the third and fourth digits
of the left hand to measure the galvanic skin response. An
infrared photoelectric sensor was attached to the second
digit of the left hand, to record changes in pulsatile blood
flow and provide an indication of blood pressure. To mini-
mize movement artifact (noise) in these records, the left arm
was stabilized against the torso. Muscle activity electro-
myography (EMG) was recorded during each trial from
tibialis anterior and medial gastrocnemius. Two Ag-AgCl
surface electrodes were placed over the muscle belly, in se-
ries with the major muscle line of action. Cables to the sys-
tem trailed behind participants and were suspended to
minimize disruption to normal gait. Data were collected via a
PowerLab bioamplifier at 2 kHz (ADInstruments, Colorado
Springs, CO). Data were full-wave rectified and low-pass
filtered with a cutoff frequency of 50 Hz using Chart Pro
software (ADInstruments, Bella Vista, Australia).

Statistical Analyses

Statistical analyses were performed using SPSS 14.0 for
Windows (SPSS Inc., Chicago, IL). After a square root
transformation of galvanic skin conductance and a logarith-
mic transformation of blood pressure and double-support
time, assumptions regarding normality of sampling distri-
butions, homogeneity of variance-covariance matrices, lin-
earity, and multicollinearity were met. There were no
univariate or multivariate outliers. Main effects and interac-
tion effects were investigated using a mixed four-factor
(Physiological Falls Risk [low PPA/high PPA] x Concern
About Falling [low FES-I/high FES-I] x Height [floor/
height] x Light [bright/dim]) repeated measures multivari-
ate analysis of variance. Factors found significant in the
multivariate analyses were followed by univariate post hoc
analyses. Only the main effect of height is described consid-
ering a possible confounding effect of reduced light on the
level of difficulty on the task. Physiological arousal, level of
concern regarding the task, spatiotemporal gait parameters,
and muscle activity were entered into separate analyses.

REsuLTS

Table 1 indicates that the study sample comprised a group
of relatively healthy older people without cognitive impair-
ment. All participants completed all trials, with no stumbles
or falls.

Physiological Arousal

Physiological arousal was confirmed by a significant
Height x Light interaction effect (Wilks = .69, F, 33 = 8.41,
p =.001) across all participants, as described by increased
blood pressure (F} 39 = 17.02, p < .001) and increased gal-
vanic skin conductance (F 39 = 3.56, p = .067) in the height
dim condition (Table 2). Self-reported levels of concern re-
garding the task also showed a strong main effect for height
(Wilks = .83, F 49 = 8.50, p = .006). There were no signifi-
cant interaction effects of physiological falls risk and con-
cern about falling with height. These findings indicate that
the environmental manipulations were sufficient to increase
fall-related concern for all participants.

Gait Parameters

Effects of surface height—A main effect of height
(Wilks = .44, F535 =8.84, p < .001) confirmed that all partici-
pants altered their gait patterns in elevated walking conditions.
As indicated in Table 3, in the height conditions, participants
had a slower walking speed (F| 39 = 38.64, p <.001), a shorter
step length (F 39 =41.04, p < .001), a longer double-support
time (F 39 = 23.77, p < .001), and reduced cadence (F 39 =
9.57, p = .004). Stride width (F 39 = 3.26, p = .079) was not
significantly affected by walking on the elevated walkway.
Analyses of a main effect of height on the average EMG in
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Table 2. Blood Pressure and Galvanic Skin Conductance Increased in the Most Challenging Condition

Floor Bright Floor Dim Height Bright Height Dim
Mean SEM? Mean SEM? Mean SEM? Mean SEM®# pP
Blood pressure (mmHg) 73.26 5.90 71.63 5.90 71.98 5.18 82.86 4.99 <.001
Galvanic skin conductance (u€2) 16.29 1.51 16.02 1.61 16.32 1.47 17.30 1.55 .067

Notes: *Standard error of the mean.
bLevel of significance of the interaction effect for Height x Light.

tibialis anterior or medial gastrocnemius muscles did not
reveal significant differences across the four conditions.

Effect of physiological falls risk and concern about
falling.—Figure 2 provides a graphical representation of
walking speed in the four conditions for the participants
categorized in terms of low and high physiological falls
risk (panel A) and low and high concern about falling
(panel B). There was a main effect for physiological falls
risk (Wilks = .71, F535 =2.87, p = .029) and an interaction
effect between Height x Concern About Falling (Wilks =
.69, Fs535 = 3.18, p = .018). The main effect for concern
about falling (Wilks = .80, Fs535 = 1.78, p = .143) and the
interaction effect between Height x Physiological Falls Risk
(Wilks =.78, Fs35=1.95, p=.111) were not significant, and
neither were the Physiological Falls Risk x Concern About
Falling interaction effects. Univariate post hoc analyses
indicated that participants with a high physiological falls risk
walked slower (F 39 = 11.23, p = .002), took shorter steps
(F139=9.69, p =.003), spent more time in double support
(F139 = 6.64, p = .014), and showed a reduced cadence
(Fi139 = 6.31, p = .016) in all four conditions including
the optimal (floor) conditions compared with participants
with a low physiological falls risk. In contrast, participants
with a high concern about falling showed similar gait
characteristics on the floor compared with participants
with a low concern about falling but walked significantly
slower (F39 = 6.00, p =.019), took shorter steps (F; 39 =
9.02, p = .005), and spent more time in double support
(F139 =5.62, p=.023) in the height conditions.

DiscussioN
To date, the link between concern about falling and gait
performance has been primarily investigated in epidemio-

logical studies (25). The aim of this study was to provide a
complementary picture of the effect of both physiological
falls risk and concern about falling on gait performance
using a paradigm in which concern about falling was experi-
mentally induced. We successfully induced fall-related con-
cern, which was shown both by self-report and measures of
physiological arousal.

On the elevated walkway, participants walked more
slowly, took shorter steps, decreased their cadence, and
spent more time in double support. These results are in ac-
cord with previous findings by Brown and colleagues (19).
However, we did not find a change in muscle activity, which
may relate to differences in the experimental conditions. In
the study by Brown and colleagues, the experimental condi-
tion constrained the participant (ie, harness) and support
surface (ie, walking on a beam), which would necessitate a
change in gait mechanics. Therefore, the cause for a co-
contraction of the lower leg musculature as well as the
change in gait kinematics may not have been solely attrib-
uted to concern. By using an elevated walkway, dimmed
lights, and not providing a harness, our setup allowed for
unrestrained gait. We confirmed that older people adopt a
more cautious gait pattern with the environmental context
of increased fall-related concern; however, there was no
evidence for muscle co-contraction.

Winter and colleagues (26) highlighted a conundrum re-
garding the reasons underlying slowed gait speed in older
age, that is, does it result from physical limitations or an ad-
aptation to achieve a more cautious gait pattern. We found
that participants with a greater physiological falls risk had
slower walking speeds across all conditions including the op-
timal (floor) conditions compared with those with a low
physiological falls risk. In contrast, concern about falling was
not associated with walking speed in the floor conditions.
These findings suggest that the primary cause for slower gait

Table 3. Main Effects for Height on Gait Parameters: Walking Speed, Step Length, Double-Support Time, Cadence, and Stride Width

Floor Bright Floor Dim Height Bright Height Dim
Mean SEM? Mean SEM? Mean SEM? Mean SEM? p°
Walking speed (cm/s) 108.52 4.01 104.53 4.21 99.06 4.36 90.95 4.39 <.001
Step length (cm) 59.01 1.60 56.84 1.69 55.21 1.85 51.02 1.97 <.001
Double-support time (s) 0.31 0.01 0.32 0.01 0.34 0.02 0.34 0.01 <.001
Cadence (steps/min) 109.41 1.69 109.27 1.79 106.47 1.86 104.67 2.32 .004
Stride width (cm) 9.56 0.51 9.85 0.58 9.41 0.52 9.28 0.56 .079

Notes: Standard error of the mean.
bLevel of significance of the interaction effect for Height.
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Figure 2. Graphical representation of walking speed across the four conditions
in older people with a high physiological falls risk (A) and in older people with a
high concern about falling (B). Data are means * Standard Error.

in older people is physical limitation and not adaptation, that
is, concern about falling.

Previous studies have shown that concern about falling
can cause changes in spatial and temporal gait parameters
(1-6). The current study is the first to suggest that greater
levels of concern about falling primarily cause additional
adaptations in more challenging situations. We found that
concern about falling imposed larger alterations in walking
speed and the related measures of step length and double-
support time in the elevated walkway conditions that posed
a postural threat. It is possible that this protective strategy
may reduce dynamic stability as previous studies have
shown that walking at speeds slower than the usual (self-
selected) speed decreases walking stability (27,28). There-
fore, when concern about falls is excessive, the associated
adaptive behaviors might actually increase falls risk, rather
than protect against it.

Many studies have suggested that concern about falling
has a detrimental effect on an older person’s activity level
and well-being, although their physical capacities are still
sufficient for maintaining an active lifestyle (25). Further
work is required in large samples of older people to deter-
mine whether behaviors associated with high levels of con-
cern about falling, relative to the physiological falls risk,
increase or decrease the risk of future falls. Future work
should also address the limitations of the current study. Our
sample comprised healthy older people and the findings
may not generalize to frail older people. Further, it is pos-
sible that our experimental protocol, which required partici-
pant’s left arm to be stabilized, and the use of a wired system
may have influenced gait patterns.

In conclusion, these findings suggest that walking perfor-
mance is influenced by both physiological and psychologi-
cal factors. In older people, physiological falls risk appears
to determine walking speed under optimal conditions,
whereas concern about falling elicits greater gait adjust-
ments under conditions of postural threat.
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