Journal of Aging and Physical Activity, 2014, 22, 96-102
http://dx.doi.org/10.1123/JAPA.2012-0209
© 2014 Human Kinetics, Inc.

Official Journal of ICAPA
www.JAPA-Journal.com
ORIGINAL RESEARCH

Increased Load Computerized Dynamic Posturography
in Prefrail and Nonfrail Community-Dwelling Older Adults
John R. Biggan, Forest Melton, Michael A. Horvat, Mark Ricard,
David Keller, and Christopher T. Ray
The understanding of prefrail and nonfrail older adults’ postural control with and without increased environmental and cognitive stress is imperative to the development of targeted interventions to decrease fall risk
within these populations. Thirty-eight individuals participated in this study. Postural control testing included
the Sensory Organization Test (SOT) on a NeuroCom EquiTest. Cognitive and environmental load testing was
performed during Condition 6 of the SOT. Though there were no group differences on composite equilibrium
score (p = .06), the cognitive task (Stroop task) impaired equilibrium scores more than the auditory or visual
distracter tasks (p < .05 and p < .01) for both groups. These results suggest that both prefrail and nonfrail older
adults’ postural control is reduced in demanding environments. Given these findings, the need for multimodal
exercise interventions to target both physical and cognitive factors is apparent.
Keywords: aging, exercise intervention, postural control, cognition
Frailty is a multifaceted health concern that involves
a progressive decline in muscle strength, weight loss,
decreased activity, fatigue, slowed processing of sensory
information, and decreased performance of functional
tasks, such as timed-up-and-go, climbing stairs, and
walking half a mile (Fairhall et al., 2008; Fried, Ferrucci,
Darer, Williamson, & Anderson, 2004; Fried et al., 2005;
Fried et al., 2001; Fried & Mor, 1997; Lundin-Olsson,
Nyberg, & Gustafson, 1998; Wolinsky, Miller, Andresen,
Malmstrom, & Miller, 2005). Kaiser et al. (2009) characterized frailty as a combination of criteria indicating a
negative shift in the ability to prevent and recover from
poor health and disability. Specifically, frailty has been
defined as having at least three of the four following characteristics: weak grip strength, involuntary weight loss of
10 lb (4.5 kg) or more over the last 12 months, general
feeling of exhaustion, and slow walking speed (Fried et
al., 2001). Likewise, Wolf et al. (1996), established that
this is the result of the natural aging process, and appears
to be accelerated in individuals afflicted by ailments,
which limit their ability to engage, unassisted, in regular
exercise and activities of daily living (e.g., walking, doing
laundry, transport, etc.). Later, Wolf et al. (2001) went on
to address the need for investigators to target individuals
transitioning to frailty (i.e., prefrail). Therefore, the focus
of this research was on prefrail individuals compared
with nonfrail individuals. For the purposes of this study,
Biggan, Melton, Ricard, Keller, and Ray are with the Dept. of
Kinesiology, University of Texas at Arlington, Arlington, TX.
Horvat is with the Dept. of Kinesiology, University of Georgia,
Athens, GA.

96

prefrailty was defined as having one or two of the frailty
characteristics listed above.
A direct correlation is evident among three or
more frailty indicators that predispose individuals to an
increased risk of falls, long-term hospitalization, and
mortality (Fairhall et al., 2008; Lang, Michel, & Zekry,
2009). Falls are listed as the third most common cause
of unintentional injury and death in all age groups, and
the leading cause of death in adults over the age of 65
(Centers for Disease Control and Prevention, National
Center for Injury Prevention and Control, 2013). Falling among older adults is one of the foremost examples
of how a single event can lead to increased sedentary
behavior, which compounds concomitant health factors, leading to considerable negative health outcomes
(e.g., osteoporosis, sarcopenia, and increased incidence
of diseases of sedentary lifestyle) that, in turn, increase
mortality risk (Dellinger & Stevens, 2006; Gitlin et al.,
2009). In fact, decreases in postural control (the ability
to maintain one’s center of gravity over one’s base of
support) have been documented to negatively affect an
older adult’s activity level, adversely influencing overall
functioning while compounding physical decline (Tinetti,
Doucette, Claus, & Marottoli, 1995; Vellas et al., 1997).

Postural Control
The increased risk of falls in frail individuals is due to
decreased postural control (Fairhall et al., 2008; Wolf,
Barnhart, Ellison, & Coogler, 1997; Wolf et al., 1996;
Wolf et al., 2003; Wolf et al., 2001). Balance assessment
studies have shown that postural sway increases in older
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adults as a result of reduced balance stability, and therefore, sway measurements can be used to estimate the risk
of falls (Callisaya et al., 2009; Fernie, Gryfe, Holliday, &
Llewellyn, 1982; Overstall, Exton-Smith, Imms, & Johnson, 1977). Body sway is usually estimated by examining
speed and displacement of center of pressure (Kang et al.,
2009), directional changes in center of mass (Patla, Ishac,
& Winter, 2002), and body weight distribution. Larger
values of anteroposterior displacement of center of pressure, nonsymmetrical distribution of body weight, and/or
larger accelerations of center of mass are features that differentiate healthy adults from those with an increased risk
for falls (Sinaki, Brey, Hughes, Larson, & Kaufman, 2005).
Decreased postural control in these at risk populations is then exacerbated by multitasking (e.g., walking
while talking; Verghese et al., 2002), especially in frail
older adults (Kang et al., 2009). A better understanding of
these relationships logically becomes an essential foundation for the genesis of novel evidence-based approaches
to formulate exercise interventions specifically targeting
prefrail older adults. As the population of older adults
is increasing, identifying prefrailty rehabilitation interventions becomes increasingly relevant to minimize the
negative outcomes associated with frailty, such as fallrelated fractures. Furthermore, divided attention testing
has been shown to be a more sensitive predictor of falls
in older adults than timed gait (Alexander, Ashton-Miller,
Giordani, Guire, & Schultz, 2005; St George, Fitzpatrick,
Rogers, & Lord, 2007; Verghese et al., 2002).
However, the impact of increased environmental
(visual and auditory) and/or cognitive demands on postural control in individuals transitioning toward frailty
compared with nonfrail individuals, as measured with the
NeuroCom EquiTest (NeuroCom International, Clackamas, OR), has not been studied. Therefore, the goal of this
paper is to detail the impact of three types of divided attention (auditory, visual, and cognitive) on postural control in
prefrail older adults. As divided attention testing has been
found to impair gait (Verghese et al., 2002), we expected
to find a similar impairment to postural control, and we

believed that the impairment would be more detrimental
to prefrail than nonfrail older adults. However, the type
of divided attention that would have the largest impact on
postural control was uncertain. In addition, we expected
prefrail individuals to show poorer postural control and
physical fitness compared with a nonfrail group. Lastly,
we expected that prefrail individuals would not only be
more likely to fall due to their poorer postural control
and physical fitness, but that they would also be at an
increased risk of injury (e.g., bone fracture) compared
with the nonfrail individuals. To test this hypothesis, bone
density was compared between the groups.

Method
Participants
Forty-one individuals (25 women) age 57–89 (M = 73.46, SD
= 6.19) were recruited from senior centers in the surrounding
community via group presentations about falls and fall risk
given by the senior author (see Table 1 for demographics).
Interested individuals contacted the researchers after these
presentations. These individuals were then screened for
frailty status. Frailty was defined as having at least three
of the four following characteristics: weak grip strength,
involuntary weight loss of 10 lb (4.5 kg) or more over the
last 12 months, general feeling of exhaustion, and slow
walking speed (Fried et al., 2001). Accordingly, we defined
prefrailty as having one or two of the frailty characteristics
(Gill, Gahbauer, Allore, & Han, 2006); participants with no
frailty characteristics were labeled nonfrail. Twenty-one of
the participants were classified as prefrail and 17 were classified as nonfrail. Three frail individuals were excluded. No
participants reported a history of legal blindness or deafness.
Those participants who wore corrective lenses were allowed
to wear them during the study. No fall history was taken at
the time. Demographic data for the participants is reported
in Table 1. This study was approved by the institutional
review board at the University of Texas at Arlington and all
participants provided informed consent.

Table 1 Descriptive Statistics by Group and Gender, M (SD)
Nonfrail (n = 17)
Variable

Female (n = 10)

Male (n = 7)

Prefrail (n = 21)
Female (n = 13)

Male (n = 8)

Age* (years)

68.6 (5.4)

72.1 (4.9)

74.8 (5.5)

78.3 (6.0)

Height*† (cm)

166.7 (5.8)

181.6 (9.3)

162.7 (6.7)

175.7 (7.1)

Weight*† (kg)

85.2 (18.3)

97.5 (14.5)

72.7 (13.5)

81.6 (5.9)

Body-mass index (kg/m2)

30.7 (6.6)

29.7 (4.6)

27.6 (5.7)

26.6 (3.4)

Bone density* (g/cm2)

0.5 (1.1)

0.6 (1.4)

-1.2 (1.3)

-1.1 (1.0)

Grip strength*†‡ (kg)

25.3 (2.9)

48.1 (7.4)

20.9 (2.9)

31 (7.5)

Arm curl (# in 30 s)

17.6 (5.1)

18.7 (5.7)

16.3 (3.6)

17.1 (3.1)

8-ft up-and-go (s)

7.1 (2.0)

6.7 (1.3)

7.3 (1.2)

7.6 (2.0)

530.7 (83.7)

551.3 (128.8)

502.8 (195.5)

500.3 (77.5)

6-min walk (yd)

*Significant main effect of group (nonfrail vs. prefrail), p < .05. †Significant main effect of gender, p < .05. ‡Significant interaction of group and
gender, p < .05.
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Procedures
The Lunar Achilles densitometer (GE Healthcare, Achilles InSight, Ultrasonometer) was used to measure fracture
risk by determining calcaneal density. It has been shown
to be a safe and effective alternative to DXA scans (Hans
et al., 2008; Krieg et al., 2006). We derived participants’
t scores by comparing their bone mineral density to that
of a healthy 30-year-old of the same gender and ethnicity
(“Prevention and Management of Osteoporosis,” 2003). A
normal t score is –1.0 or higher. Scores below –1.0 indicate osteopenia (≤1.0 and ≥2.5) or osteoporosis (≤2.5).
Maximum grip strength was taken using a Jamar hand
grip dynamometer (Lafayette Instruments, Lafayette, IN).
Participants used their dominant hand to perform three
maximal grip strength trials. Three measures of senior
fitness (8-ft up-and-go test, arm-curl test, and 6-min walk)
were conducted to determine fitness level (Rikli & Jones,
2001). These tests are commonly used as assessment tools
for senior fitness.
Participants were also tested utilizing the Sensory
Organization Test (SOT) protocol shown in Figure 1.
Participants wore a harness during testing to eliminate the
risk of falling (“NeuroCom System Operator’s Manual,”
2001). Participants also wore athletic shoes during the
SOT.

Instrumentation
The SOT on the NeuroCom EquiTest System provides
information regarding the use of sensory input or combination of inputs to maintain postural stability. This
system utilizes a force platform and measures vertical
reaction forces that are generated from the participants’
center of pressure movement from a fixed base of support
(Guskiewicz, Riemann, Perrin, & Nashner, 1997). The
SOT is used to assess balance abilities and limitations in a
wide variety of populations by determining how individuals are able to respond and adapt to a variety of sensory
manipulations. Inaccurate information is delivered to the
eyes, feet, and joints through sway referencing of the
visual surround and support surface (Figure 1; “NeuroCom System Operator’s Manual,” 2001). This alteration
disrupts the available sensory information and allows the
tester to evaluate the individual’s use of his or her sensory
input to maintain postural control (“NeuroCom System
Operator’s Manual,” 2001).

The SOT protocol is comprised of six sensory conditions (Figure 1). The equilibrium score quantifies the
center of gravity sway under each of the three trials of
the six sensory conditions (total of 18 trials). Effective
use of individual sensory inputs is determined from the
overall pattern of scores on the six conditions.

Postural Control Scoring
The composite equilibrium score is the weighted average (0–100) of all scores including Condition 1 average
scores, Condition 2 average scores, and three equilibrium
scores from each of the trials in Conditions 3–6, a higher
score indicating better postural control (“NeuroCom
System Operator’s Manual,” 2001). According to Guskiewicz et al. (1997), the equilibrium scores from each
trial are representations of nondimensional percentages
compared with the peak amplitude of anteroposterior
sway to the theoretical anteroposterior limit of stability.
The strategy analysis score quantifies the amount of
movement of either the ankles or the hips by plotting the
information from the force plate and equilibrium scores
together (“NeuroCom System Operator’s Manual,” 2001).
The closer the score is to 0, the more the individual used
the hip-dominant strategy; likewise, scores closer to 100
represent more of an ankle-dominant strategy. Typically,
as stability is maintained, individuals will use primarily
an ankle strategy and shift to hip strategy when balance
becomes more difficult (“NeuroCom System Operator’s
Manual,” 2001). The minor adjustments used during
ankle strategy are more desirable because they result in
less vertical force, while a shift toward hip strategy results
in greater instability.

Load Testing
Condition 6 of the SOT was chosen for testing of environmental and cognitive loads. Condition 6 was chosen
due to its sensitivity to anterior-posterior sway and the
added stimulus of both the floor and wall movements
during testing. Additional load tests included visual,
auditory, and cognitive distracters. Visual and cognitive
distracters were presented on a 15-in. LCD monitor
that was mounted on the visual surround at eye level
with the participant. Auditory distracters were presented using speakers mounted on the NeuroCom. The
visual distracter chosen for this study was a first-person

Figure 1 — Six sensory conditions of Sensory Organization Test (SOT) protocol. Eye graphic denotes visual system, the circles
graphic denotes vestibular system, and the foot graphic denotes somatosensory system. Image courtesy of Natus Medical, Inc.
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rollercoaster simulation (http://www.youtube.com/
watch?v=DGfM052xJms), which was chosen because
it did not provide a fixed horizon for the participant to
focus on during the SOT test. For the auditory distracters, we used auditory sounds of crowded streets to more
readily simulate being in public places (http://www.
youtube.com/watch?v=t98MvwNkD-k). These sounds
were chosen because they mimic real-world phenomena
that decrease the amount of resources available to devote
to maintaining postural control. Cognitive load testing
included a Stroop color and word test (Stroop, 1935).
In this test, individuals must inhibit their automatic
response of reading the word and, instead, must engage
the controlled response of saying the color in which the
word is presented (Stroop, 1935). New words were presented every 1.5 s. The ability of individuals to maintain
postural control despite the distractions was reflected in
their equilibrium and strategy scores.

Statistical Analysis
Statistical analysis was performed using SPSS version
19 (SPSS Inc., Chicago, IL). For the following analyses,
pairwise deletions were used for any missing data. All
data are presented as means and standard deviations and
are presented with degrees of freedom (df) and effect size
(partial eta-squared, η2).

Results
Health and Fitness
To compare the health and fitness of the prefrail individuals with those of the nonfrail individuals, four ANOVAs
(2 [group: nonfrail vs. prefrail] × 2 [gender: male vs.
female]) were conducted for the four health and fitness
variables listed in Table 1 (grip strength, arm-curl test,
8-ft up-and-go test, and 6-min walk test). A significant
main effect of group was found for grip strength, F(1, 32)
= 37.318, p < .001, partial η2 = .538. Participants in the
nonfrail group had more upper body strength (M = 34.65,

SD = 12.62), as measured by the grip strength test, than
prefrail individuals (M = 24.62, SD = 7.02).
A significant main effect of gender was found for
grip strength, F(1, 32) = 88.089, p < .001, partial η2 =
.734. Men had more upper body strength (M = 39.54, SD
= 11.41), measured by the grip strength test, than women
(M = 22.87, SD = 3.60) across both groups.
The main effects of group and gender for grip
strength were qualified by a significant interaction of the
two, F(1, 32) = 13.124, p < .001, partial η2 = .291. Tukey
post hoc comparisons were conducted to determine the
nature of the interaction. Males in both groups had stronger grip strengths than females in each group: nonfrail
t(36) = 9.161, p < .001 and prefrail t(36) = 4.328, p <
.001 (see Table 1 for descriptive statistics). Males in the
nonfrail group had a stronger grip strength than males in
the prefrail group, t(36) = 6.319, p < .001. This pattern
was not found for females in the nonfrail group compared
with females in the prefrail group, t(36) = 2.120, p = .17,
thus the interaction. No significant effects were found for
the other three variables.

Postural Control
To compare the postural control of the prefrail participants with that of the nonfrail individuals an independent
samples t test was conducted to compare differences in
nondistracted postural control (SOT composite equilibrium score) between the groups (nonfrail and prefrail).
No significant difference was found for SOT composite
equilibrium, t(34) = 1.930, p = .06.

Effects of Divided Attention
on Postural Control
To analyze the effects of divided attention tasks on
postural control between the groups, two (equilibrium
score and strategy score) ANOVAs (2 [group: nonfrail vs.
prefrail] × 3 [task: Stroop vs. visual distracter vs. auditory distracter]) were conducted (Figure 2). All analyses
were conducted using scores on the sixth condition of

Figure 2 — Equilibrium and strategy scores for each distracter type by group. Nonfrail individuals had a significantly higher
equilibrium score on average. The cognitive distracter caused the largest decline in equilibrium score. Both the visual and cognitive
distracter caused larger declines in strategy scores than the auditory task.
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the SOT. Nonfrail individuals (M = 60.88, SD = 13.09)
had a higher equilibrium score than prefrail individuals
(M = 42.32, SD = 21.85), F(1, 28) = 11.297, p < .01,
partial η2 = .287. A significant main effect of task was
found for equilibrium score, F(2, 56) = 5.796, p < .01,
partial η2 = .171. Planned comparisons revealed that
equilibrium scores were more impaired when performing the cognitive task (Stroop: M = 45.08, SD = 21.10)
than the other two tasks (visual distracter: M = 51.98, SD
= 22.12 and audio distracter: M = 55.89, SD = 16.90),
tvisual(29) = –2.226, p < .05, and taudio(29) = –3.191, p <
.01. However, the equilibrium scores during visual and
auditory distracter tasks were not significantly different,
t(29) = –1.212, p = .24. The interaction of group and task
type was not significant for equilibrium scores, F(2, 56)
= .789, p = .46, partial η2 = .027.
For the strategy scores, there was no main effect of
group status, F(1, 28) = 1.440, p = .24, partial η2 = .049.
No significant main effect of task was found for strategy
scores, F(2, 56) = 2.963, p = .06, partial η2 = .096. The
interaction of group and task type was also not significant
for strategy scores, F(2, 56) = .082, p = .92, partial η2 =
.003. All other comparisons were not significant.

Discussion
All evidence related to frailty supports the notion that
age-associated changes are further compounded by
frailty, thereby exacerbating reductions in strength, coordination, bone density, gait, speed, and flexibility related
to general health outcomes and fall risk (Gill, Allore, &
Guo, 2003). While some research has attempted to identify the relationship between fall risk and prefrailty, the
specific contributors that seem to exacerbate fall risk in
individuals transitioning to frailty have not been explored
and tested. It is apparent in the physical fitness statistics
(Table 1) that the indicators for nonfrail and prefrail
groupings show consistently lower functional ability in
prefrail participants, especially strength and movement
time, which is critical in initiating and sustaining movement without falling. Furthermore, the evidence from this
study supports the use of grip strength as a clinical screen
that is sensitive and should serve as an assessment that
could act as a gateway for more comprehensive postural
control testing in low performers. Potential causes for
poor grip strength include sarcopenia and/or manifestation of reduced activity due to reduced balance confidence
and the associated reductions in physical activity (Bruce,
Devine, & Prince, 2002).
In addition to strength, a continuous influx of postural
information (including vision, proprioception, and vestibular information) must be processed before a reaction
may occur. The amount of cognitive processing required
is dependent on task complexity and on the capabilities
of the individual’s postural control system (Van Niekerk,
Fourie, & Horak, 2006). Increased cognitive processing comes with increased task difficulty (Teasdale &
Simoneau, 2001). Data from this study demonstrated the
impact of increased environmental (visual and auditory)

and/or cognitive demands on postural control. The data
indicate that cognitive distracters are more detrimental
to postural control than environmental distracters such
as auditory or visual distracters. This was true for both
prefrail and nonfrail individuals. We have not identified
another study that explores a visual, auditory, and cognitive stimulus in relation to postural control.
Although the groups were similarly impaired, this
does not mean that prefrail and nonfrail individuals are
equally likely to injure themselves when distracted.
Prefrail participants’ bone density was lower on average
than nonfrail participants. Prefrail individuals met criteria
for osteopenia, which puts them at an increased risk of
fracture (“Prevention and Management of Osteoporosis,”
2003). This means that prefrail individuals are more
likely to injure themselves if they fall while engaging in
a cognitively demanding task than nonfrail individuals.
There are some limitations to this study. The first is the
total sample size. There were some effects that approached
significance such as group differences in equilibrium
score (p = .06) but were not statistically significant, as
well as trends that may have been affected by the sample
size. For example, prefrail participants’ postural control
was more affected by visual than auditory distracters (an
effect which was not observed in the nonfrail individuals);
however, the interaction of group and task type was not
significant. If there are differences between prefrail and
nonfrail individuals with regard to postural control, they are
small. Consequently, future studies should include larger
sample sizes than those used in this study.
Second, participants’ vision and hearing were not
tested. No participants reported a history of legal blindness or deafness, and they were allowed to wear corrective lenses during the testing. However, one could argue
that subtle group differences may have influenced the
outcome measures leading one group to underperform
the other due to a visual or auditory impairment. Future
research should account for differences in visual and
auditory acuity.
Third, it is possible that there were learning effects
associated with the computerized dynamic posturography. Participants may have become more comfortable
with the device after each trial. Future studies should
address this by counterbalancing the order of the trials.
Finally, it should be noted that the current study’s
inclusion criteria allowed for one or two of the frailty
criteria for group membership as prefrail. Future studies
should seek to determine if outcomes are affected by
the number of transitional characteristics (one or two)
documented within subjects.

Conclusion
As the population ages, the number of fallers is
expected to increase. The evidence presented in this
study supports the notion that deferred attention has
a negative effect on postural control. This effect may
be more detrimental to those individuals transitioning
to frailty given their decreased bone density to begin
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with. While without intervention, the decline to frailty
is inevitable, identification of the factors that may be
remediated via targeted training programs may reduce
the rate of decline and improve health outcomes of prefrail older adults. In this experiment, we have seen that
prefrail individuals are lacking in physiological strength
compared with their nonfrail counterparts. Therefore,
rehabilitation interventions should target restoration
of physiological decline in individuals who exhibit
early signs of frailty or are classified as prefrail (Wolf
et al., 2003). In addition, we have found that cognitive
distracters have a significant negative impact on both
nonfrail and prefrail individuals’ postural control. This
highlights the need for clinicians to consider cognitive
influences when remediating postural control impairments with older adults.
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