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Abstract
The purpose of this study was to examine whether different habitual activity levels may
affect balance ability in older adults. Balance must be studied as poor balance increases
likelihood of falls. This study examined activity levels in older adults and effect on balance
ability. Fifty-nine older adults aged 66.5 ± 9.5 participated. Three groups were separated by
physical activity level. First group had 13 masters athletes, older adults performing least 150
minutes of aerobic activity a week and competing in nationally sanctioned event within the last
six months. Twenty-seven older adults comprised recreationally active group performing at least
150 minutes of aerobic exercise per week but no competitive events within previous six months.
The last group is sedentary older adults with 19 individuals performing less than 150 minutes of
aerobic exercise per week. Postural stabilization was measured using Biodex Balance System
SD. Using one-way ANOVA, no statistically significant differences were found between three
activity groups in postural stabilization (p = .51). Groups were redefined for post hoc analysis
using distance results from six-minute walk test as a measure of physical fitness. Results were
divided into thirds and classified into physical function levels. Group one, walking the fewest
meters, was least fit. Group 2 walked the next fewest meters with middle level of physical
function. Group 3 completed most meters, therefore most physically fit. By comparing fitness
groups using one-way ANOVA, no statistically significant differences were found in postural
stability (p = .75). Subjects were divided into three groups to test for age effects. The young
group consisted of 13 adults aged 54-59 years old. Twenty-one adults aged 60-69 were the
middle group, while 17 adults aged 70-91 were the older group. No statistically significant
difference was found in age groups (p = .48). Thirty-two females and 27 males were compared
for sex differences. A significant difference was found (p = .001) with females exhibiting better
postural stability. In conclusion, neither habitual activity level nor physical function level

influence postural stability in older adults. Age does not play a significant role in postural
stability, but one’s sex may have an effect.
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Introduction
Falls are a common occurrence among older adults. Each year, one in three adults over
the age of 65 will experience a fall (Hausdorff, Rios, & Edelberg, 2001). For individuals over 80
years, 50% will be experience a fall (Inouye, Brown, & Tinetti, 2009). While roughly 30-50% of
falls result in bruises or lesions, 5-10% of falls end in fractures (Goldacre, Roberts, & Yeates,
2002) or traumatic brain injuries (Rubenstein & Josephson, 2002). Falls without immediate
injuries can still have grave consequences. Falls can result in a fear of falling limiting mobility
(Rubenstein & Josephson, 2002) and activity (Tinetti & Powell, 1993). Furthermore, fear of
falling can lead to deconditioning, depression, and feelings of isolation -creating an increased
risk for future falls.
There are various risk factors for such falls. Age, chronic disease, gait impairment, and
balance disorders are considered intrinsic risk factors (Sartini, Cristina, & Spagnolo, 2010).
Environmental issues, including dim lighting, frayed rugs, and lack of grab rails, pose as
extrinsic risk factors for falls (Axer, Axer, Sauer, Witte, & Hagemann, 2010). In a
comprehensive review examining falls including 12 studies and 3,628 falls, 31% of falls were
due to accidents, 17% were contributed to gait and balance disorders, and 13% were due to
dizziness and vertigo (Rubenstein & Josephson, 2002). If such risk factors can be modified, the
number or severity of falls could be reduced. Individuals who are impacted by these factors have
a higher risk of falling than if the factors were not present. Fall risk is defined as is the likelihood
of experiencing a fall. Therefore, individuals with more risk factors for falls have a higher fall
risk. Fall risk can be evaluated by the number of risk factors one has in addition to measures
from both clinical and field assessments. While there is a known relationship between increased
fall risk and poor balance, the direction of the relationship is unknown. More research would
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need to be conducted to determine if an increased fall risk causes poor balance or if poor balance
highlights an increased fall risk. Balance is defined as the state of an object when resultant forces
acting upon the object is zero (Pollock, Durward, Rowe, & Paul, 2000). Balance in humans is a
multidimensional concept with the primary goal of avoiding a fall. While there any many aspects
of balance, fall risk is one aspect that can be measured and potentially used in fall prevention
plans.
Postural control is the ability to stand upright or recover equilibrium after external
perturbations (Lafond, Corriveau, Hebert, & Prince, 2004). Components of balance include
visual, vestibular, and somatosensory systems. With aging, these systems become less efficient
due to longer latency times and slower central integration (Perrin, Jeandel, Perrin, & Bene,
1997). Woollacott, Shumway-Cook, and Nashner (1986) tested balance in older and younger
adults in various conditions to examine changes in sensory organization. The following
conditions were utilized normal fixed support surface, normal support surface with eyes closed,
normal support surface with a visual enclosure, support surface servoed with eyes open, support
surface servoed with eyes closed, and support surface servoed with vision servoed. To examine
the contributions of sensory inputs, a servo technique was used in which the input being tested
was congruent with body sway. This technique nearly eliminated rotational changes in
orientation of the body center of mass with respect to the support surface or visual enclosure.
Specifically, in the support surface servoed with eyes open, the support surface rotated in
proportion to the sway of body mass. With reduced or conflicting information from any one of
the vestibular, visual, and somatosensory systems, the balance ability of older adults was
compromised. Furthermore, while muscle coordination and sensory organization were related to
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age-related changes in postural control, no correlations between motor and sensory changes were
detected suggesting that a deficiency in one area does not predict deficiency in the other.
While many fall prevention plans exist, various protocols often lead to contradicting
results. Lord and Castell (1994) found significant improvements in quadriceps strength and body
sway of an exercise group compared to a control group. The exercise group met twice a week for
20 weeks with sessions focusing on cardiovascular and aerobic exercises focusing on flexibility
and muscular strength. Schlicht, Camaione, and Owen (2001) examined standing balance,
walking speed, and sit to stand performance in older adults following an intense strength training
program. The exercise group increased muscular strength, maximal walking speed, and five
repetitions sit to stand significantly compared to the control group. However, the standing
balance component of eyes closed single leg stance did not differ between the two groups. While
fall prevention plans try to add components to improve balance and decrease fall risk, little
research has examined the subjects’ activity levels and fall risk without an intervention. The
purpose of this study is to examine whether different habitual activity levels effect balance
ability in older adults. Additionally, age and sex will be examined to determine if such factors
influence balance ability.
Operational Definitions
Balance has no universal definition. For the current study, balance is defined as the state
of an object when resultant forces acting upon the object is zero (Pollock, Durward, Rowe, & Paul,
2000) with the main goal of remaining upright to avoid a fall. Balance is closely related to postural
control. Postural control is the ability to stand upright or recover equilibrium after external
perturbations (Lafond, Corriveau, Hebert, & Prince, 2004). While postural control itself cannot be
measured, it can be assessed through postural stabilization. Postural stabilization is defined as the
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amount an individual moves their center of mass while maintaining balance (Shumway-Cook,
Woollacott, Kerns, & Baldwin, 1997). Fall risk is the likelihood that one will experience a fall. In
the current study, fall risk often references the fall risk assessment by the Biodex Balance System
SD in which the program assesses one’s likelihood of experiencing a fall compared to age-related
normative data. In the current study, sedentary individuals refer to those that do not get 150 minutes
of aerobic exercise per week (ACSM, 2014). Recreationally active individuals refer to those
individuals that perform at least 150 minutes of aerobic exercise each week (ACSM, 2014).
Masters athletes refer to individuals that perform at least 150 minutes of aerobic exercise per week
and have competed in a nationally sanctioned event within the last six months (Zhao et al., 2016).
Physical function is defined as the ability to successfully complete basic actions and complex
activities vital to independence and quality of life (Painter, Stewart, & Carey, 1999). The term
servoed is used to describe a situation in which the variable being tested is manipulated so the
subject has no frame of reference.
Literature Review
As balance is a multidimensional concept, various components play a role in maintaining
one’s balance. Vision, vestibular, somatosensory, cognitive and motor systems all contribute to
maintaining balance (Horak, Shupert, & Mirka, 1989). Vision is the primary system in planning
movement and avoiding obstacles. Visual acuity, contrast sensitivity, and area of visual field
become impaired with age, increasing the risk of falls (Freeman, Muñoz, Rubin & West, 2007).
The vestibular system senses motion, equilibrium, and spatial orientation in relation to
movements of the head. Vertigo, an illusory sense of motion, along with vestibular imbalance
increases the risk of falls with age (Agrawal, Carey, Della Santina, Schubert, & Minor, 2009).
The somatosensory system provides information about the external environment. As the

5
somatosensory system changes with age, older adults experience impaired proprioception,
vibration and discriminative feeling (Shaffer & Harrison, 2007). Various aspects with cognition
decline with age. Executive function which includes inhibition, working memory, and attentional
capacity become impaired (Salthouse, Atkinson, & Berish, 2003). In examining center of foot
pressure with cognitive tasks, subjects focused on cognitive tasks more than the balance task
(Shumway-Cook, Woollacott, Kerns, & Baldwin, 1997). As cognition declines, older adults are
not able to equally focus on multiple tasks resulting in impaired tasks, typically in balance. As
with other aspects of balance, motor performance greatly influences fall risk. Motor performance
is vital in response to the surrounding environmental and sensory information. Age-related
decreases in muscle strength and nerve conduction speed along with increased area and speed of
postural sway impairs balance, further increasing the risk of falls. While vision, vestibular,
somatosensory, cognitive and motor systems all play a role in maintaining balance, motor
performance will be the focus examined.
Few studies have been performed examining fall risk and activity levels in older adults.
O'Loughlin, Robitaille, Boivin, and Suissa (1993) examined risk factors for falls. Frequent
physical activity was associated with an increased number of falls, likely due to an increase in
exposure of opportunities to experience falls. However, increased diversity of physical activity
was found to be protective against falls as the activity could better maintain balance, flexibility,
reflexes, muscle strength, coordination, and reaction time. Skelton (2001) stated in a review on
physical activity and postural stability that increased physical activity can lead to an increased
fall risk due to poor environmental conditions, acute fatigue, or unsafe practices. With care and
proper technique, exercise and physical activity can lower fall risk in select groups.
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Perrin, Gauchard, Perrot, and Jeandel (1999) examined the effects of physical and
sporting activities on balance. Four groups were studied. The first group consisted of individuals
who had always been physically active (AA). The second group became active after retirement
(IA). The third group was active in youth, but stopped activity at least 30 years prior (AI). The
last group had never been active (II). Physical and sporting activities practiced were primarily
swimming, walking, cycling, tennis, and yoga. Dynamic and static balance tests were performed.
The AA group performed best on the balance tests. The IA group had scores close to AA, where
AI did not perform as well. The II group had the worst performance on the balance tests.
Specifically sway path, sway area, and anterior-posterior sway were all high with a decrease in
sports practice. Both short and long latency responses were delayed in those inactive individuals,
particularly those II. However, no significant differences were detected in the amplitude of the
short and long latency responses. These data suggest that engaging in physical and sporting
activities more recently, rather than just early in life or not at all, improves balance measures.
In examining three different types of endurance activities and effects on balance,
Buchner et al. (1997) found walking was the most beneficial in a comprehensive analysis.
However, based on the balance measures, the aerobics grouped showed the most improvement.
Subjects were assigned to an exercise group of low movement stationary cycling, medium
movement walking, high level aerobics, or no exercise. Exercising groups met three times a
week for three months. After three months, subjects were released from supervised classes and
instructed to perform any exercise as desired. After three months of self-directed exercise,
measures of strength, aerobic capacity, gait, balance, and health status were assessed. The
distance walked on a 6 m narrow balance beam, which was used to measure balance, increased in
a dose-response relationship between distance walked and the effect of training. The cycle group
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improved by 3%, walking by 7%, and aerobics by 18%. However, a dose-response relationship
was not demonstrated in other measures. The VO2max measure of aerobic capacity increased in
the walking group by 18%, aerobic group by 10%, and in the cycling group by 8%. The walking
group was the only group to improve gait speed which was increased by 5%. Furthermore,
walking was the only group which experienced an improved score of the Medical Outcomes
Study 36-Item Short Form Survey (SF-36) measure of role limitations due to physical health
with an improvement of 24%. The SF-36 is a valid, reliable health-related quality of life survey
covering eight domains including the role of limitations due to physical health which examines
how one’s physical status relates to limitations on quality of life (McHorney, Ware, &
Raczek,1993). Walking was the sole exercise that improved at least one measure in each of the
categories. Aerobic exercise also provided benefits, but not to the extent walking provided.
Cycling had little effect on the measures, while the no exercise control group had no difference
in baseline and final measures.
Balance is a unique process encompassing various components. While the components of
vision, vestibular, somatosensory, and cognitive systems are vital, the motor system is the most
imperative. The motor system translates the sensory and environmental information into a
response to maintain balance. Current evidence suggests that active older adults are likely to
have better balance performance scores than older adults that are not physically active. However
due to limited research, the frequency and mode of physical activity that provide the most benefit
for balance scores have yet to be determined.
It has been suggested that factors such as age and sex play a role in the balance abilities.
Hageman, Leibowitz, and Blanke (1995) proposed that balance decreases with age. This was
determined by comparing the balance of younger adults aged 20 to 35 years along with an older
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group aged 60 to 75 years. Five measures were tested by way of force platform along with
standing functional reach. Measures included sway area with eyes open, sway area with eyes
closed, sway area with visual feedback, movement time, and path length. Age appeared to be a
significant factor in every measure. The older group experienced greater sway area, longer
latency times, greater path length, and shorter functional reach compared to the younger group.
Likewise, in examining postural balance in adults aged 30 and older, postural balance was seen
to decrease with age (Era et al., 2006). Postural balance was assessed using both laboratory and
field measures. Field measures consisted of normal standing eyes open, normal standing eyes
closed, semitandem, and tandem standing. Laboratory conditions were the same as the field
assessments, but were performed on a force platform. The most drastic decreases in balance
ability occurred in individuals older than 60 years. In conclusion while older adults appear to
have decreased balance ability compared to their younger counterparts, more research needs to
be performed further examining the decrease in older adults. While sex has been studied,
conflicting results have been found. In the previously discussed postural control study, Hageman,
Leibowitz, and Blanke (1995) found sex to have no significant effect on the six postural control
variables. In the postural balance study, Era et al. (2006) also studied sex effects on postural
balance. Men had significantly more pronounced sway in laboratory measures than women.
Greater sway is suggestive of poorer balance. Regarding field measures, men were more likely to
achieve the highest category of field tests which was 10 s of tandem stance. Furthermore, a
significantly larger proportion of men were able to stand with feet side by side for 10 s than the
proportion of women. While women fared better on the laboratory tests and men had more
success with the field tests, more research is needed to determine what relationship, if any, exists
between sex and balance.

9
The purpose of this study was to examine whether different habitual activity levels effect
balance ability in older adults. Additionally, age and sex effects were analyzed with balance
results. It is important to determine if individuals participating in competitive sports or an
increased level of physical activity have better balance than the recreationally active and
sedentary counterparts in order to provide guidance to our aging populations. The habitual
activity groups in the current study include sedentary older adults, recreationally active older
adults, and master athlete older adults. Based on existing research, it is hypothesized that balance
ability will decrease with decreasing activity levels. Sedentary individuals will have the highest
fall risk and masters athletes will have the lowest fall risk with the fall risk of recreationally
active individuals between the two groups. For age groups, it is hypothesized that as age
increases, the balance ability will decrease based on postural sway. Females are hypothesized to
have lower postural sway than males due to a lower center of gravity.
Methodology

Research Design
This was a non-experimental approach to a comparative research design. This design was
used compare postural stabilization between three activity level groups in older adults. The first
independent variable was the activity group which consisted of three levels: sedentary,
recreationally active, and masters athlete. This design was used to compare postural stabilization
between three groups based on physical fitness. Physical fitness was another independent
variable also consisting of three levels: low, medium, and high fitness. Age and sex were the last
two independent variables tests. Postural stability was compared to age groups which consisted
of three levels: young, middle, and old. In comparing sex and postural stability, sex was the
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independent variable with two levels being male and female. In all cases, the dependent variable
was postural stability.
Subjects
A total of 59 subjects, aged at least 50 years, participated in the study. Following
informed consent procedures as approved by the Institutional Review Board at the University of
Arkansas, all subjects underwent physical activity screenings followed by balance assessments.
Subjects were placed into one of three groups based on levels of physical activity. Nineteen
subjects were sedentary individuals, 27 recreationally active, and 13 masters athletes. Subjects
with uncontrolled cardiovascular disease, metabolic disease, or hypertension will be excluded.
Subjects must have had no recent falls in the last 12 months. To be included in the study,
subjects must be able to maintain a standing position without assistance and no knowledge of
cognitive impairments. Subjects were recruited through a data base of a larger study, through
flyers, and word of mouth of researchers.
Measures
Physical Activity Group. To determine the physical activity group of subjects, the
subjects completed the Rapid Assessment of Physical Activity Questionnaire (RAPA). The
RAPA is a valid and reliable measurement tool of self-reported physical activity in adults over
50 years (Topolski et al., 2006). The RAPA has seven items describing physical activity that the
subject may participate in. If the question applies to the subject’s activity level, “yes” is selected.
Two other items were on the RAPA, one question pertaining to weight training and the other to
flexibility training. Based on those results, subjects will be placed into one of three groups. To be
categorized as sedentary the individual had to answer “yes” to a statement from items one
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through five, all of these items describe being physically active less than the ASCM guidelines.
To be recreationally active, the individual had to choose either statement six or seven, both of
these statements said that the individual is at least, if not more, active than the ACSM guidelines.
Finally, to be considered a masters athlete the individual had to select either statement six or
seven and note to the researcher that they have competed in a nationally sanctioned event within
the last 6 months. By ACSM standards, a sedentary individual performs less than 150 min of
moderate intensity exercise per week. To be recreationally active or masters athlete, an
individual must perform 150 min of moderate intensity exercise per week with the distinction
from aforementioned nationally sanctioned event.
Postural Stability. The Biodex Balance System SD (Biodex Inc., Shirley, NY) was used
to measure balance and postural stability under dynamic stress. This system has been tested and
shown to be valid and reliable for older adults (Parraca et al., 2011). The Biodex Balance System
uses a circular platform free to move in the anterior-posterior and medial-lateral axes
simultaneously. The stability of the platform can be varied by adjusting the level of resistance
given by the springs under the platform. The platform stability ranges from 1–8, with 1
representing the greatest instability. The lower the resistance level the less stable the platform. In
this study, the pre-set fall risk assessment was performed. Stability levels began at level six and
progressively became less steady throughout the test and ending at level two. Before the test
begins, the researcher recorded the subject’s number, age, and height range. During the test
subjects were instructed to maintain center of pressure in the smallest concentric rings (balance
zones) of the monitor on the Biodex Balance System SD. To begin the assessment, subjects stand
on the locked platform of the Biodex Balance System SD. In order to assess the foot position and
establish the subjects’ ideal foot positioning for testing, the stability platform will unlock to
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allow motion. Participants were instructed to adjust the position of the foot until they find a
position at which they can maintain platform stability. The platform locked again. Foot position
coordinates were constant throughout the test session. Testing began as the platform released
starting a 20 second trial and participants were asked to maintain an upright standing position.
During the test, subjects were instructed to not touch the handles for assistance. In order to
maintain balance, a dot on the screen must stay in the center of concentric rings. To keep the dot
centered, the subject must perform weight shifts. The objective of the test is to keep the dot
centered and stable throughout the test. A 10 second break occurred between each trail. Three
trials were performed. The result of the trials is given as a stability index along with standard
deviation which compares the subject to age-dependent normative data. Scores higher than the
normative values suggest poorer balance while scores below normative values suggest better
balance.
The Biodex Balance System created reports for the test mode and the results were used to
measure and record the subject’s ability to maintain postural stability in a bilateral position. The
data was sampled at a rate of 20Hz. The Y component represented the degree of movement in the
anterior/posterior direction of the center of pressure and the X component represents the degree
of movement in the medial/lateral direction of the center of pressure. In a perfectly balanced state
the center of pressure was at the coordinates of (0,0). Equation 1 shows how to solve for the
individual’s overall stability, which was the overall angular movement of the subject’s center of
pressure. The more movement that occurs is indicative of less postural stability. This value of the
overall stability index is the value output by the Biodex Balance System SD. The overall stability
index is compared to age-dependent normative data to determine if the individual is below, at, or
above the fall risk levels for their age group. Equation 2 represents the degree of movement in
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the anterior/posterior direction which occurs in the sagittal plane. Equation 3 represents the
degree of movement in the medial/lateral direction which occurs in the frontal plane. Equation 4
represents the mean deflection of the individual. The mean deflection of the individual is the
average position in all motions throughout the test. Equation 5 represents the anterior/posterior
deflection which was the average position of the individual in the sagittal plane throughout the
test. Equation 6 represents the medial/lateral deflection which is the average position of the
individual in the frontal plane throughout the test. Equation 7 represents the standard deviation
which accounts for the variability in the statistical measure. The lower the standard deviation, the
range of values were closer together. The greater the standard deviations, the broader the range
of values. The overall stability index score from Equation 1 is the greatest indicator of postural
stability, and the focus of the current study.

(1)

(2)

14
(3)

(4)

(5)
(6)

(6)

(7)

Physical Function. A 6-minute walk test was performed to measure each individual’s
physical function (Enright et al., 2003). This test is a submaximal test which has been shown to
be both valid and reliable for older adults (Forman et al., 2012). To perform this test, subjects
were asked to walk as quickly and as safely as possible for six minutes. When the six minutes
was up, the subject stopped walking wherever they were when time expired. The researchers
then measured the distance the subject walked.
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Procedures
Once IRB approval was obtained, the recruitment process for older adults to participate in
the study began. A total of 59 older adults participated in the study. Thirteen masters athletes, 27
recreationally active, and 19 sedentary individuals were recruited for participation. Upon arrival
to the laboratory, the subject was given the RAPA to complete which categorized the individual
into the respective physical activity group. Once the RAPA was completed, the subject was
tested on the Biodex Balance System SD to determine the subject’s postural stability. The preprogrammed Fall Risk Assessment test was utilized for the study. During this assessment, the
subject stood on a balance platform that was unstable for 20 seconds. In this 20 seconds, the
already unstable balance platform became increasingly more unstable. The subject had a dot on
the screen to keep in the middle of concentric rings. The dot stayed centered as long as the
subject remained balanced on the platform. If the subject was unstable, the dot would leave the
center circle until the subject regained balance. This test was performed three times with a ten
second break between each trial. After the three tries ended, the Biodex Balance System SD
presented two values. The first value was the overall stability index of the balance test which
compares the postural stability of the subject to that of individuals of similar age. The second
output value was the standard deviation which quantifies the extent of variation of the overall
stability index. After the postural stabilization test, the subject completed the 6-minute walk test
to gauge the subject’s level of physical function. To perform the 6-minute walk test, two cones
were set up 75 feet apart from one another. The subject walked from one cone to the other
quickly and safely as many times as possible during the six minutes. Once the six minutes were
up, the subject stopped in place where they were. The researcher then measured the total distance
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the subject walked in feet. The number of feet the subject walked was then converted to meters
by the researcher.
Data analysis
Statistical tests were carried out using the Statistical Package for the Social Sciences
(SPSS, Inc., Chicago, IL). Data were analyzed using one-way analysis of variances (ANOVA).
This study contained three levels of independent variable which were group determination
(sedentary, recreationally active, masters athlete) as determined by RAPA. The dependent
variable is fall risk as determined by BBS. The significance level was set at .05 for main effects
and .017 for follow-up assessments to account for an inflated Type 1 error rate. Groups were
then redefined for post hoc analysis using the results of distance walked from the six-minute
walk test. The results were divided into thirds and classified into physical function levels. The
group that walked the fewest meters was designated Group 1 and was the least physically fit. The
group that walked the next fewest metes was deemed Group 2 and had the middle level of
physical function. Group 3 walked the most meters in the six-minute walked and was the most
physically fit. By comparing these three fitness groups using one-way ANOVA, no statistically
significant differences were found in postural stability (p = .75).
For further analysis of age, subjects were separated into three age groups. Subjects were
divided into three groups to test for age effects. The young group consisted of 13 adults aged 54
to 59 years old. Twenty-one adults aged 60-69 were in the middle group, while 17 adults aged
70-91 were in the older group. By comparing these groups using one-way ANOVA no
statistically significant difference was found in comparing age groups (p = .48).
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The last analysis conducted was an effect of sex difference. Postural stability of the 32
females and 27 males were compared to test for a sex difference. By comparing these groups
using one-way ANOVA, a significant difference was found (p = .001) with females exhibiting
better postural stability. This was demonstrated by a lower stability index value in women as
compared to men.
Results
The means and standard deviations for the subjects’ demographics are shown in Table 1.
Overall, 59 subjects participated in the study. Thirteen subjects were masters athletes, 27
recreationally active, and 19 sedentary subjects. In this study, 59 subjects completed the sixminute walk test and 51 completed the Biodex Balance Test. The Biodex Balance Test was used
to measure postural stability, an indicator of one’s balance abilities. Postural stabilization which
was measured by the movement of the center of pressure is shown in Table 1. The average
overall postural stabilization score was 3.63 ± 2.28. The masters athletes had an average sway of
2.75 ± 1.70, recreationally active had a sway of 3.83 ± 2.10, and the sedentary activity group had
an average sway of 3.73 ± 2.69. As shown in Table 2, there were no significant differences
between the groups (p = .51).
Another variable that is shown in Table 1 is the six-minute walk time which was used to
measure physical function. The average for all subjects for the six-minute walk test was 587.63 ±
121.32 meters. The masters athletes walked 654.29 ± 100.68 meters, the recreationally active
walked 575.01 ± 129.99 meters, and the sedentary group walked 559.89 ± 110.13 meters. There
was a trend occurring for the six-minute walk test between groups (p = .07), yet there were no
statistically significant differences between the groups. Figure 1 demonstrates the differences of
the meters walked between the activity groups.

169.24 ± 8.69
74.80 ± 16.30
587.83 ± 121.32

Height (cm)

Weight (kg)

6 min walk (m)

2.75 ± 1.70

654.29 ± 100.68

67.62 ± 14.58

166.95 ± 9.34

59.2 ± 4.8

13

Athletes

Masters

Note. N=number of subjects; PS=postural stability

3.63 ± 2.28

66.5 ± 9.5

Age (years)

PS

59

N

Overall

3.83 ± 2.10

575.01 ± 129.99

76.06 ± 14.10

170.65 ± 9.24

70.0 ± 9.8
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Recreationally Active

Sedentary

3.73 ± 2.69

559.89 ± 110.13

77.93 ± 19.43

168.79 ± 7.42

66.4 ± 8.9
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Summary of means and standard deviations of multiple variables for each activity group

Table 1
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Figure 1. Average meters walked in the six-minute walk test for each activity group. Error bars
represent standard deviation.
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Figure 2. Average postural stability for each activity group. Error bars represent standard
deviation.

After comparing the activity level analysis for this study, the researcher divided the
subjects based on physical function. These physical function levels were determined by the
number of meters walked during the six-minute walk test. The distances walked were divided
into three groups. These groups consisted of the top third of the results from the six-minute walk,
middle third in the six-minute walk, and the bottom third in the six-minute walk. The group that
walked the least number of meters in six minutes was named Group 1, the low physical function
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group. The group that walked the second least number of meters was called Group 2, the middle
physical function group. The group that walked the greatest number of meters in the six minutes
was noted Group 3, indicating the high physical function group. Upon analysis, it was found
there was a significant difference in distance walked between groups during the six- minute walk
test (p < .00). A post hoc test was performed to see where the differences occurred and a
significant difference in meters walked between each physical function group was discovered
with all groups having a significance (p < .00). Postural stabilization was then compared between
these three groups. As shown in Table 2, physical function did not influence postural stability
(p = .51).
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449.76 ± 77.09

19

Group 1

Note. N=number of subjects; PS=postural stability

3.63 ± 2.28
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59

N
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Means and standard deviations for six-minute walk

Table 2
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Figure 3 Average balance score for each fitness group. Error bars represent standard deviation

Upon further data analysis, age was examined as a possible indictor of balance ability. As
there were 51 subjects with complete data, subjects were divided into three groups of based on
age. Group 1, the young group, consisted of 13 older adults aged 54 to 59 years old. Twenty-one
adults aged 60 to 69 years were in the middle group denoted Group 2. Group 3 was the oldest
group which was made up of seventeen adults aged 70-91 years. A one-way ANOVA was used
to compare the postural stability of the different age groups. Overall, the average postural
stability of all subjects was 3.63 ± 2.28. Group 1 had a stability index of 2.96 ± 1.62. The
postural stability index of Group 2 was 3.81 ± 2.52. Group 3 presented a stability index of 3.91 ±
2.42. As seen in Table 3, no significant difference was found between age groups and postural
ability (p = .48). Figure 4 displays the stability index for all three groups along with standard
deviations. A correlation was run to determine the Pearson correlation coefficient between age
and balance ability. The Pearson correlation coefficient was determined to have no correlation (r
= .12). This low correlation coefficient suggests that, in the current study, age has no relationship
to postural ability.
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Figure 4. Average balance score for each age group. Error bars represent standard deviation.

The last variable analyzed was sex. Thirty-two females participated in the study while 27
males volunteered. Results were analyzed using a one-way ANOVA. Again, the overall stability
index was 3.63 ± 2.28 as shown in Figure 4. The stability index for females was 2.69 ± 1.71. For
males, the stability index was 4.77 ± 2.40. As the stability index is indicative of movement that
occurred during the fall risk assessment, the lower the stability index indicates better balance. As
seen in Table 4, females have a lower stability index which is a significant difference (p = .001).
Table 4
Means and standard deviations for sex differences
Overall

Female

Male

N

59

32

27

PS

3.63 ± 2.28

2.69 ± 1.71

4.77 ± 2.40

Note. N=number; PS= postural stability

Significance (p)

.001
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Figure 5. Average balance score for each group based on sex. Error bars represent standard
deviation.
Discussion
In the current study, older adults were tested to examine the relationship between activity
levels and balance. Balance can be evaluated in many ways. For this study, balance was
determined by the movement of the center of pressure during postural stabilization. It was
hypothesized that as activity levels increase, the balance ability would improve as well. The
masters athletes would have the best balance, represented by the least center of pressure
movement. Following the masters athletes, the recreationally active adults would have poorer
balance than masters athletes, shown by more movement of center of pressure. Sedentary adults
were hypothesized to have the poorest balance which is characterized by the most center of
pressure movement. Based on statistics, this hypothesis was unsupported (p =.51). These results
do not agree with previous research performed by Marques et al. (2011). Immediately following
an 8-month long multicomponent training program, balance measures among older women aged
60-95 years was improved. At baseline and post-training, balance was measured using a similar
force platform as used in the current study. Subjects were instructed to balance on one foot.
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Subjects in the multicomponent exercise group experienced an increase time of performance,
decrease in mean velocity, along with a decrease in sway area compared to the control group.
Such differences in results could be attributed to the type of exercises performed. In the current
study, any general aerobic exercise was included. In Marques et al. (2001), a multicomponent
program was utilized creating a more thorough program which could affect balance scores.
However, work by Seco et al. (2013) suggests that the age and sex of subjects could impact the
improvements in balance. A total of 227 subjects completed a 9-month training period consisting
of three sessions per week followed by a detraining period of three months. Both male and
female subjects older than 65 years of age were included in the study. The program was a
multicomponent training program focusing on strength, flexibility, cardiovascular fitness, and
balance. Measures were taken at baseline, immediately post-training, and immediately postdetraining. Balance was measured by standing on a force platform in closed and partially closed
kinetic chain position with eyes open and then eyes closed. In post-training measures, balance
scores improved in all subjects. Following detraining, it was determined the beneficial effect of
the training program on balance tended to be lost. Specifically, further examination found this
loss to occur to in male subjects and those subjects aged 75 years and older with values
mimicking baseline levels. Female subjects and those subjects aged 65-74 years old were able to
maintain balance improvements from the training period, suggesting sex or age may play a role
in balance abilities. Based on such results, age and sex were analyzed in the current study.
Based on those age and sex balance results from Seco et al. (2013), the variables of both
age and sex were further examined in the current study. Subjects were divided into three groups
based on age with a young, middle, and old age group. The current study did not support the
results of Seco and colleagues (2013), demonstrating no relation between age differences and
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stability (p = .48). The differences in age results between the current study and those of Seco et
al. (2013) could be attributed to the age criteria differences in groups. The current study included
those over age 50 years, while the Seco et al. (2013) was more exclusive only allowing those
aged 65 years and older to participate. A correlation was performed to see if any association
existed between age and stability. No such association was found between age and balance
ability (r = .12). Using a one-way ANOVA, a sex comparison was made between female and
male subjects. Like Seco and colleagues, a significant difference was found between female and
male subjects (p = .001). Females had a stability index of 2.69 ± 1.71, while males had a stability
index of 4.77 ± 2.40. As a lower stability index is indicative of better balance, females have a
significantly better stability index and therefore better balance than men. These results agree with
those of Seco et al. (2013), who found females were able to maintain improvements in balance
better than males following a period of detraining.
After initial analysis based on activity level was performed, further analysis was utilized
to determine if physical function influences postural stability. Physical function was determined
by the results of the six-minute walk test. The results were divided into thirds. The lowest third,
which walked the fewest meters and represented the lowest physical function was named Group
1. Group 2 walked the middle number of meters and was indicative of the middle group of
physical function. The group that walked the greatest number of meters and therefore represented
the highest level of physical function was Group 3. A one-way ANOVA was utilized to
determine if a significant difference between groups for postural stabilization was present. The
one-way ANOVA found no significantly different results. Again, this lack of difference could be
attributed to subjects’ possible balance training which could result in better Biodex Balance Test
scores as opposed to better scores deriving from one’s level of physical function.
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While subjects in the current study were asked about exercise habits, subjects were not
asked about balance classes or specific exercises aimed at improving balance. There is a
possibility some subjects partake in balance classes which could result in balance scores being
skewed.
In the current study, there were 59 subjects. Of the 59 subjects, 51 completed the Biodex
Balance Test. The approval for the Biodex Balance System was not granted by the IRB until
after the greater study had begun. As a result of this delayed start, only eight of the 13 masters
athletes were able to complete the Biodex Balance Test. Once again, this limited number of
masters athlete subject data for the Biodex Balance Test could cause a difference in the balance
scores.
Overall, there were no statistically significant differences in groups and postural stability.
In grouping subjects by activity level and also by physical function level, no significant
differences in postural stability were shown. These results suggest that simply living a more
active lifestyle or being more physically fit does not necessarily mean one’s balance will benefit.
It is important to note that the means used to gauge balance, measuring postural stability on a
Biodex Balance System SD, is a unique method of testing. Such method does not mimic any
activities of daily living which could influence the balance scores.
Threats to Internal/External Validity
One potential threat to internal validity was the new lab setting. Subjects were exposed to
new methods of testing in addition to a researcher supervising. Such new experiences may have
influenced performance of the subject. Another potential threat to internal validity is the selfreported RAPA. This questionnaire categorized subjects into groups based on their estimated
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activity level. While this is a quick and reliable method, some subjects may overestimate or
underestimate activity levels resulting in incorrect placement in activity level.
A potential threat to external validity could be the participation of subjects in a balance
class or balance type training program. It is possible that sedentary subjects only engage in
balance training, but no aerobic training. Such a lifestyle could make it possible for subjects of
sedentary group and/or low physical function to outperform aerobically active subjects on
balance performance tests. Another potential threat to external validity is the method of subject
recruitment. This study was part of a greater follow up study and therefore, many subjects were
recruited from the previous study. As a result, the subjects were of a convenience sample rather
than a random sample which would have been more representative of the population. Another
threat to external validity was the ecological validity. Tests were performed in a laboratory
which was unfamiliar to subjects. Additionally, many of the tests utilized were not representative
of activities of daily living which could influence results of the tests. Lastly, a threat to external
validity was difference in the mean age of the groups. The recreationally active group was the
oldest group, sedentary group was the middle group, followed by masters athletes which was the
youngest group. This distribution could have influenced the test scores of the groups.
Assumptions
One assumption made was that subjects were able to complete the tasks to the best of
their ability. It was assumed subjects were truthful in completing the RAPA. It was also assumed
that subjects performed the postural stability and six-minute walk test with the best effort.
Another assumption was that equipment was working properly. It was assumed that researchers
were consistent in providing feedback and answering questions of the subjects during the testing
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period. The last assumption was that no known cognitive impairment existed which was screened
for by the Mini-Mental State Examination.
Limitations
A limitation to the current study was the self-report questionnaire used to classify the
subjects into physical activity groups. Another limitation was the small sample size of 59
subjects. A final limitation was that only eight of 13 masters athletes were able to complete the
Biodex Balance Test.
Delimitations
The following are delimitations of the current study. A total of 59 subjects participated in
the study. Subjects were divided into three groups based on physical activity levels. The
sedentary group had 19 subjects, recreationally active group have 27 subjects while the masters
athlete group have 13 subjects. Postural stabilization was measured by the Biodex Balance
System SD using the fall risk assessment test. Postural stability was compared between the three
physical activity groups. Physical function was measured using the six-minute walk test with
distance walked. Three physical function groups were created and used to compare postural
stability. All aspects of this study were conducted at the University of Arkansas in the Human
Performance Laboratory.
Conclusion
When activity groups were based off self-reported physical activity questionnaire, no
significant differences were seen in postural stability. Likewise, when physical function groups
were determined by meters walked in the six-minute walk test, no significant differences were
seen in postural stability. In examining age and postural stability, no significant relationship was
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found. However, an effect seemed to exist when it came to sex. Men did not have significant
relationship between sex and postural ability, but a significant relationship between sex and
postural stability did exist for women. Therefore, it is unlikely that activity levels, physical
function levels, or even age play a role in balance ability. While more research is needed, it is
suggested that women may have better postural stability than their male peers.
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