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Abstract
Background—For older adults, falls are a serious health problem with over 30% of people over
65 suffering a fall at least once a year. One element often overlooked in the assessment of falls is
whether a person’s balance, walking ability and overall falls risk is affected by performing
activities of daily living such as walking.
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Objective—This study assessed the immediate impact of incline walking at a moderate pace on
falls risk, leg strength, reaction time, gait and balance in 75 healthy adults from 30 to 79 years of
age. Subjects were subdivided into five equal groups based upon their age (Group 1, 30–39 years;
Group 2, 40–49 years; Group 3, 50–59 years; Group 4, 60–69 years; Group 5, 70–79 years).
Methods—Each person’s falls risk (using the Physiological Profile Assessment), simple reaction
time, leg strength, walking ability and standing balance were assessed prior to and following a
period of incline walking on an automated treadmill. The walking task consisted of three 5-minute
trials at a faster than preferred pace. Fatigue during walking was elicited by increasing the
treadmill incline in increments of 20 (from level) every minute to a maximum of 80.

Author Manuscript

Results—As predicted, significant age-related differences were observed prior to the walking
activity. In general, increasing age was associated with declines in gait speed, lower limb strength,
slower reaction times and increases in overall falls risk. Following the treadmill task, older adults
exhibited increased sway (path length 60–69 yrs; 10.2±0.7 to 12.1±0.7 cm: 70–79 yrs; 12.8±1.1 to
15.1±0.8 cm), slower reaction times (70–79 yrs; 256±6 to 287±8 ms), and declines in lower limb
strength (60–69 yrs; 36±2 to 31±1 kg: 70–79 yrs; 32.3±2 to 27±1 kg). However, a significant
increase in overall falls risk (pre; 0.51±0.17: post; 1.01±0.18) was only seen in the oldest group
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(70–79 years). For all other persons (30–69 years), changes resulting from the treadmill-walking
task did not lead to a significant increase in falls risk.
Conclusions—As most falls occur when an individual is moving and/or fatigued, assessing
functional properties related to balance, gait, strength and falls risk in older adults both at rest and
following activity may provide additional insight.

Introduction

Author Manuscript

For older adults, the likelihood of suffering a fall is a major risk that can have dramatic
implications for overall health and wellbeing1. This increased risk is tied, in part, to the
general age-related decline in physiological processes integral to the control of balance and
gait, with decrements in neuromuscular function, strength, sensation, and cognitive
processing all being key factors2–4. The consequence of the declines in these physiological
processes is that the older individual is less able to respond to everyday challenges when
performing many activities of daily living. A general feeling of being fatigued or tired has
also been linked to an increased likelihood of suffering a fall4–6, as the person who is
fatigued may be less able to respond appropriately and/or in a timely fashion to challenges
when performing daily activities of a dynamic nature (e.g., walking outside, climbing stairs).

Author Manuscript

Fatigue has been broadly described as a transient decrease in the ability to perform physical
activities7 and an overwhelming sustained sense of exhaustion and decreased capacity for
physical and mental work. Most commonly, this decrement in movement performance over
the time period of the activity can be linked to an inability to maintain a desired force level
required for the given task8, with the overall rate of decline dependent on the type of activity,
intensity, and duration9. In regards to those mechanisms that contribute to optimal balance,
fatigue has a wide range of impacts, leading to increases in postural sway10–14, declines in
obstacle avoidance15, stepping16 or general walking ability17–19, decreased muscle function
and strength20–22, and reduced proprioception and/or sensation23–25. The consequence of
fatigue are particularly pronounced for older adults, with these persons often citing increased
levels of fatigue and tiredness as one reason for reducing their levels of physical activity.
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There is no doubt that there is a strong association between fatigue and a number of factors
that underscore falls risk in older adults. However, falls are a multidimensional problem,
with over 400 risk factors being linked with these events26. Our understanding of falls is
further complicated by the fact that they can be considered a very individual event; that is,
no two people fall for the same reason, under the same conditions and suffer the same
consequences. As a result, it is possible that, while fatigue may affect individual
physiological components essential for optimal balance control, it is still unclear whether the
summative effect on fatigue leads to an actual increase in overall risk. A secondary
component often overlooked in the assessment of falls risk is how those selected metrics of
balance and falls risk change as fatigue is induced during the performance of activities of
daily living like walking. Although most falls occur during movement, the majority of fall
risk assessments are performed under resting conditions that fail to take this dynamic into
account.

J Am Med Dir Assoc. Author manuscript; available in PMC 2017 May 01.

Morrison et al.

Page 3

Author Manuscript

The aim of the current study was to assess the immediate impact of fatigue on overall falls
risk, walking ability, balance, reaction time and lower limb strength in 75 adults ranging
from 30 to 79 years of age. It was predicted that the effects of fatigue (induced by
performing a walking task) would only manifest as an increased falls risk in the older
individuals.

Methods
Participants

Author Manuscript

Seventy five healthy individuals of both sexes (age range 30–79 years) were recruited from
the local community to participate in this study. Subjects were subdivided into five equal
groups based upon their age by decades: Group 1, 30–39 years; Group 2, 40–49 years;
Group 3, 50–59 years; Group 4, 60–69 years; and Group 5, 70–79 years. All individuals
were questioned regarding their current level of exercise/activity and the number of falls
over the previous 12 months. All participants reported to be physically active. Exclusion
criteria included any history of any neurological/cognitive disorders, neuromuscular injury,
significant cardiovascular disease, unstable proliferative retinopathy, end-stage renal disease,
uncontrolled hypertension or lower limb arthritis that could influence movement
performance27. A full physical evaluation which included examination of central nervous
system function including coordination, neuropathy and cerebella function, tests of balance
and stability and review of current medications was also performed28. General demographics
for each age group and the number of previous falls (per age group) are shown in Table 1.
Participants provided informed consent prior to inclusion and all procedures complied with
University IRB guidelines.
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Experimental Design
Participants attended the laboratory on one occasion to be evaluated on the tests underlying
the falls risk assessment (physiological profile assessment, PPA), reaction time, gait, and
balance. This evaluation was followed by the walking-exercise fatigue protocol. Immediately
afterwards, all subjects were reassessed on all measures.

Author Manuscript

Falls Risk Assessment—An indication of overall falls risk was determined using the
long-form physiological profile assessment (PPA). The PPA consists of 15 different
physiological assessments, covering visual function, lower limb sensation, proprioception,
lower-limb strength, reactions, general balance and an assessment of postural coordinated
stability. Values from five of the 15 measures (i.e., hand reaction time, proprioception, knee
extension strength, edge contrast sensitivity, sway on foam surface with eyes open) were
used to generate an overall falls risk score (range +4 to −2) with lower values denoting a
lower risk of falling27,29.
Reaction Time—All participants completed a simple reaction time (RT) task where upper
limb (index finger) and lower limb (foot) responses were collected. After completing 5
practice trials, each person completed 20 trials with each segment (the initial 10 trials were
used within the PPA design for derivation of falls risk). Participants responded to a visual
cue by depressing a timing switch with either their foot or finger. For the foot RT,
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participants had their distal end of their foot positioned over a pedal switch placed on the
floor.
Gait Assessments—Walking performance was assessed using a 20 ft straight GAITRite
pressure sensitive walking surface (CIR Systems Inc, Havertown PA). Individuals were
instructed to look straight ahead and walk at their preferred walking pace. Three walking
trials were performed (sample frequency 120 Hz). The GAITRite data were assessed using
the Protokinetics PKMAS software (ProtoKinetics LLC). Specific spatio-temporal variables
assessed included step/stride time (sec), gait velocity (cm/sec) and cadence.

Author Manuscript

Balance Assessments—These were performed while individuals stood on a Bertec
balance plate (model BP6040, sample rate: 100 Hz). This device provides information about
center of pressure (COP) excursions in the anterior-posterior (AP) and medio-lateral (ML)
direction. Postural motion was collected for the following four conditions: 1) eyes open/firm
surface, 2) eyes closed/firm surface, 3) eyes open/foam surface, and 4) eyes closed/foam
surface. The foam surface was 15 cm thick and of medium density. COP data were filtered
using a second-order low-pass Butterworth filter (cutoff frequency 50 Hz). The dependent
measures determined for postural sway included total path length, mean COP velocity,
mean, SD, and range of COP excursion in the ML and AP directions. Analyses of the COP
data were performed using Matlab software (Mathworks R14).
Exercise-Induced Fatigue

Author Manuscript

All participants completed an exercise session on an instrumented treadmill (h/p/Cosmos
Mercury 4.0). Older individuals wore a safety harness attached to an overhead suspension
system. Starting with a treadmill speed of 1.33 m/s, participants walked at faster speeds until
they were forced to break into a jog to keep up with the treadmill speed. The treadmill speed
used during fatiguing bouts was the fastest speed observed in the period while walking was
maintained30. This determination period doubled as a warm-up.
For the walking task, three 5-minute trials were performed. Fatigue during walking was
elicited by increasing the treadmill incline in increments of 20 (from level) every minute to a
maximum of 80. Participants were allowed to rest for five minutes between each the three
fatiguing periods of walking. Immediately following this exercise routine, subjects were
reassessed for reaction times, balance, strength, gait, and falls risk.

Author Manuscript

During the treadmill walking test, both heart rate and RPE values were attained. Heart rate
(HR) was recorded using a Polar® monitor (Polar, Inc.). Selected heart rate measures (i.e.,
maximum heart rate and overall change in HR (maximum HR − baseline HR)) were used to
determine the physiological effort for the walking tasks. A rating of perceived exertion
(RPE) was obtained at the beginning and end of each fatigue walking trial using a modified
Borg 10-point scale (1 as “little or no exertion” to 10 as “maximal effort”). The final RPE
and the average change in RPE (i.e. RPE at the end of each fatigue trial minus the baseline
RPE) were determined.
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All analyses were performed using repeated measures, mixed generalized linear models
(GLM) with age group (5 levels) as the between-group factor and exercise session (pre/posttraining) as the within-group factor. Planned contrasts were used for any post-hoc
evaluations. All statistical analyses were performed using SAS statistical software (SAS
Institute Inc., NC), with the risk of Type I error set at p <0.05.

Results
Pre-Exercise Differences

Author Manuscript

Falls Risk—At baseline, significant age-related differences were observed with regard to
falls risk (F4,70 = 6.00; p<0.001). Post hoc analyses revealed differences between group 1
and the three older groups (3, 4, and 5). Significant differences were also found between the
oldest group (5) and groups 2 and 3.
A significant difference was found between the different age groups for lower limb
proprioception (F4,70 = 2.54; p<0.05). Post hoc analyses revealed differences between group
1 and the three older groups (3, 4, and 5). Significant differences were also found between
the oldest group (5) and groups 2 and 3. A significant age-related difference was found for
postural coordination task (F4,70=9.11; p<0.001) whereby the two older groups (4 and 5)
recorded a significantly greater number of errors compared to the three younger groups (1–
3) when performing this tracking task.

Author Manuscript

Reaction Time—Prior to the exercise intervention, a significant age effect was observed
for both hand RT (F4,70 = 10.19; p<0.0001) and foot RT (F4,70 = 2.55; p<0.05). For the hand
RT values, differences were between the oldest group (5) and the three younger groups (1, 2
and 3). For the foot RT values, differences were seen between the youngest group 1 and the
oldest group 5.
Gait—Significant age effects were found for a number of walking metrics including gait
velocity (F4,70 = 2.65; p<0.05), step length (left F4,70 = 2.80; right F4,70 = 2.88; p’s<0.05)
and stride length (left F4,70 = 2.85; right F4,70 = 2.93; p’s<0.05). For all gait measures,
differences were between the oldest group and the three younger groups (1, 2, and 3).

Author Manuscript

Balance—Initial analyses revealed a strong effect for the different conditions for the
majority of COP variables. Consequently, inferential analyses were performed for each for
the four postural conditions separately to more clearly discern differences related to age
group and/or fatigue. Overall, the majority of age-related differences were seen for the more
challenging balance conditions (i.e., performed wither with the eyes closed or closed on the
foam surface). For the eyes open/foam surface condition, significant effects were seen for
motion in the ML direction (range F4,70=3.04; mean F4,70=2.98; p’s<0.05), path length
(F4,70=4.99; p<0.05) and COP velocity (maximum F4,70=3.41; mean F4,70=4.98; p’s<0.05).
Post hoc revealed the main differences were between the youngest and the oldest groups (1
vs. 5).
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For the eyes closed/foam surface condition, significant effects were seen for motion in the
AP direction (range F4,70=3.85; mean COP F4,70=2.89; SD of COP F4,70 =2.82; p’s<0.05),
path length (F4,70 =5.21; p<0.05) and COP velocity (maximum F4,70 =3.37; mean
F4,70=5.18; p’s<0.05). For all measures, significant differences were found between the
youngest and the oldest groups (1 vs. 5). Differences between the 40–49 year old group (2)
and the oldest group 5 were also found for path length and COP velocity measures (all
p’s<0.05). No differences were seen between the respective age groups during the other
postural conditions (eyes open/firm, eyes open/foam).
Exercise Effects

Author Manuscript

A significant age effect for the treadmill walking speed was observed (F4,70 = 12.23;
p<0.001). Planned contrasts revealed that the differences were between the oldest persons
(group 5) and the remaining four groups only, with the oldest group walking at a slower
speed compared to the other groups during the fatigue-treadmill task.
Heart Rate and RPE—A significant age effect was observed for change in heart rate
(F4,70 = 4.33; p<0.01) and overall change in RPE (F4,70 = 4.86; p<0.001). For heart rate,
significant differences were found between the oldest group 5 and all other age groups (1–4).
For the RPE values, differences were seen between groups 1–3 and groups 4–5. At baseline
(prior to the exercise), there were no significant difference in HR between the groups. Figure
1 illustrates the general pattern of differences in RPE values (absolute and change) and heart
rate values across the five age groups.
Post-Exercise Changes

Author Manuscript

Falls Risk and PPA—Following exercise, the oldest age group (5) showed a significant
increase in overall falls risk (F1,14 = 11.14; p<0.001). For the remaining four age groups, no
significant change in falls risk was found as a result of the fatigue activity. The oldest group
also exhibited a significant change in proprioception (F1,14 = 5.11; p<0.05) and a significant
decrease in quadriceps strength (F1,14 = 6.04; p<0.05) following the exercise activity. For the
postural coordination task, the two oldest groups exhibited greater errors following the
exercise intervention (Group 5 F1,14 = 4.65; Group 4 F1,14 = 4.01; p<0.05). No significant
change in the postural tracking performance for the remaining three age groups was
observed following fatigue. Figure 2 illustrates the pattern of change in the overall falls risk
between all age groups and as a function of the exercise activity.

Author Manuscript

Reaction Time—For the oldest group (5), significant increases were found for both hand
(F1,14 = 6.11; p<0.0001) and foot reaction times (F1,14 = 5.62;p<0.05) following the exercise
intervention. For the next oldest group (4), significant increases in foot reaction time were
found (F1,14 = 5.88; p<0.05) while for group 3, hand reaction times increased following the
activity (F1,15 = 11.08; p<0.05). No changes in RT values as a function of exercise were
found for two younger groups. The general pattern of differences in hand and foot RT
between the five age groups are shown in Figure 3. This figure also illustrates the pattern of
change as a function of the exercise activity.
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Gait—Following the fatigue intervention, significant changes in gait velocity, (F1,14 =
23.54; p<0.05), cadence, (F1,14 = 19.72; p<0.05), stride length (F1,14 = 15.76; p<0.05), and
stride time (F1,14 = 6.09; p<0.05) were found for all age groups. Post hoc analyses revealed
that all these measures increased following the treadmill fatigue activity (p’s<0.05).

Author Manuscript

Balance—Following the fatigue protocol, persons in the oldest age group exhibited
significant changes in specific postural sway metrics (path length, F1,14=10.12; maximum
COP velocity F1,14=4.69; mean COP velocity F1,14=9.11; all p’s<0.05) during the eyes
open/foam surface condition. Similar changes were found for the same group during the
eyes closed/foam surface condition (path length, F1,14=7.82; maximum COP velocity
F1,14=3.89; mean COP motion in the ML direction F1,14=4.88; all p’s<0.05). For persons in
next oldest group 4, fatigue also had an impact on balance. Significant differences were seen
during the eyes open/foam surface condition (path length, F1,14=6.67; COP range in the AP
direction F4,70=10.67; p’s<0.05) and during the eyes closed/foam surface condition (Mean
COP motion in the AP direction, F1,14=5.43; maximum COP velocity F1,14=3.89; p’s<0.05).
No significant changes in the sway metrics following fatigue were found for groups 1–3.
Changes in specific gait (i.e., cadence, velocity) and balance (i.e., path length, COP velocity)
metrics between the five age groups are shown in Figure 4. This figure also illustrates the
changes as a function of the exercise activity.
Correlation Analysis

Author Manuscript

To ascertain whether there was any relation between falls risk and other metrics, correlation
analysis was performed between falls risk score and selected gait measures (i.e. cadence,
gait velocity), PPA measures and COP motion. As the falls risk score is derived from five of
the 15 PPA measures, these measures (i.e., hand reaction time, proprioception, knee
extension, edge contrast sensitivity, sway on the foam surface/eyes open) were not included
in this analysis. For the remaining PPA measures, the only significant relation was for
reaction time for the foot (pre-exercise r=0.58, p<0.05) although the strength of this relation
dropped following exercise (r=0.44). High correlations for foot RT-falls risk were only found
for the older age groups (pre-exercise: 50–59 years, r=0.65; 60–69 years r=0.62; 70–79 years
r=0.72) with values tending to decrease following exercise (post-exercise: 50–59 years,
r=0.63; 60–69 years r=0.23), only increasing slightly within the oldest group (post-exercise
r=0.75). For the other measures which made up the PPA, no significant correlations were
observed as a function of age or exercise (pre-exercise range: 0.14–0.38; post-exercise
range: 0.11–0.41). Similarly, no significant correlation was found between falls risk score
and the COP measures (pre-exercise, r range: 0.18 to 0.48; post-exercise r range: 0.11–0.46)
either as a function of age group or exercise.

Author Manuscript

Regarding the gait measures, significant correlations were found between falls risk score and
both cadence and gait velocity. Overall, correlation values were lower pre-exercise (cadence
r=0.28; velocity r=0.30) and changed significantly following the treadmill activity (cadence
r=0.41; velocity: r=0.54, p’s<0.05). The correlation changes were primarily found within the
60–69 year old group (pre-exercise cadence: r=0.06; post exercise r=0.43: pre-exercise
velocity: r=0.04; post exercise r=0.38) and the 70–79 year old group (pre-exercise cadence:
r=−0.15; post exercise r=0.39: pre-exercise velocity: r=0.18; post exercise r=0.61).
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Discussion

Author Manuscript

The aim of this study was to assess the short-term effects of performing a fatiguing walking
activity on falls risk, balance, gait, and general physiological function for healthy, adult
individuals aged from 30 to 79 years. As expected, the results revealed significant
differences between the respective age-groups prior to the fatiguing exercise, primarily with
regards to walking speed, reaction time, quadriceps strength, postural motion, coordination
and overall falls risk. These results are consistent with the current literature, which also
reported age-related differences in such measures as reaction time, lower limb strength, falls
risk, gait, balance (COP) measures and proprioception29,31,32. Following the treadmill
intervention, a number of changes were seen, primarily in the older age groups. For
example, the oldest individuals; (70–79 years) exhibited slower reaction times, increased
postural sway and a higher falls risk. While those in the 60–69 age group showed increases
in reaction times and postural sway, the sum of the physiological changes was not enough to
lead to an increase in falls risk. Interestingly, all individuals, irrespective of age, walked at a
faster gait speed immediately following the treadmill task, with the increased gait speed
being correlated with increased falls risk. Overall, the treadmill walking activity had the
greatest impact on the older persons in this study, leading to a decline in many of the
mechanisms related to balance control and ultimately to increased falls risk for the oldest
adults.

Author Manuscript
Author Manuscript

A general observation from this study was that the treadmill-fatigue task was perceived as
more difficult for the older persons (i.e., groups 4 and 5). When performing this activity,
individuals in the oldest age group (70–79 years) self-reported that the task was significantly
more difficult (reflected as a higher RPE) compared to the responses of the four other age
groups, even though their treadmill walking speed and physiological indices of fatigue
(change in HR) were significantly lower than for the other groups. Interestingly, while those
in the 60–69 years old group reported that task to be harder as well, there was no significant
differences in their treadmill walking speed or indices of fatigue (change in HR) between
this group and those 30–59 years of age. This general pattern whereby the greatest impact
was observed in the oldest subjects carried over to the other analyses. Of particular note,
those in the 70–79 age group experienced a significant increase in their overall falls risk
scores (as assessed by the PPA) after performing the fatigue task. For persons of this age,
this increased risk was linked to declines in a number of measures, including lower limb
strength (primarily knee extension although knee flexion strength declined also), poorer
performance in the postural coordination task, declines in proprioception, slower reaction
times (for the hand and foot) and increases in the amount of postural motion under more
challenging balance conditions. One conclusion that can be reached from these results is that
it is the culmination of declines across multiple factors that led to the overall increase in falls
risk as this effect was only seen for individuals in the oldest age group. While the fatigue
activity led to changes in some selected metrics of other groups (e.g., slower reactions and
increased sway in 60–69 year olds), the overall impact was not reflected by an increase in
falls risk score. The changes in postural motion and/or reaction time are certainly consistent
with the findings of a number of studies reporting that fatigue leads to increased sway,
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declines in obstacle avoidance ability, changes in sensation and decreases in muscle
strength10,12–17,19,33–35.
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For the majority of previous studies, fatigue has been achieved through sustained
contractions of a specific muscle group5,22,36, a methodological difference which may
explain some of the differences. As there are numerous physiological factors that can
contribute to falls, stressing one aspect of the system (such as selected muscle groups) would
certainly impact of those metrics of balance reliant on this variable, but the overall impact
may not be sufficient to lead to an overall increase in falls risk. In this regard, other (nonfatigued) components of the system may be able to compensate for any declines at other
levels of the system targeted by the exercise activity as has been previously suggested37,38.
A study by Pereria and Goncalves (2011) provides further support to this view. In that study,
fatigue was induced in older adults (mean age 67 years) using prolonged walking on a
treadmill (20 minutes). However, while changes in the muscle activity of the lower limb
were observed following this intervention, no increase in overall falls risk was found18.
Similarly, it has been previously reported by Nardone and colleagues (1997, 1998) that
while strenuous anaerobic or anaerobic activity can affect various COP measures, the impact
of exercise to fatigue on overall control of posture may be minimal as other (non-fatigued)
balance mechanisms can be utilized to compensate for any perturbation induced by the
exercise37,38. These authors also highlighted an important additional point to consider;
namely that the time-course of the effects of fatigue can be very short. Consequently, while
fatigue does negatively impact on various metrics of balance and posture5,39,40, these
changes are time-dependent and can tend to dissipate quickly. This raises the possibility that
a contributing factor to the increased falls risk in the older adults may be their decreased
ability to recover as quickly from the fatiguing intervention as individuals in the other
(younger) groups41,42. Thus, while all subjects may exhibit declines in function immediately
post-exercise, it is the time-course of the recovery period, which may be a determining factor
in whether these declines translate to a prolonged increase in falls risk. Together, our results
and those of previous studies highlight that while fatigue is certainly a mitigating factor in
falls risk, its effects may only be mediated when they affect multiple systems significantly.

Author Manuscript

An interesting finding to emerge from this study was that, immediately following the
treadmill task, all subjects irrespective of age walked at a faster speed over the GAITRite
walking surface (see figure 4). As has been reported in other studies, there were significant
differences between the groups in their walking dynamics prior to the treadmill task34,43–45
with the older adults (group 5) walking at the slower speed with shorter strides. After
completing the task, increases in walking speed, cadence, stride length and stride time was
seen for all groups, irrespective of age. One possible reason to explain these changes is that
they simply reflect a transient carry-over effect from walking at a faster pace when
performing the treadmill task. However, this result raises an added concern in that, for the
older adults, the immediate improvement in walking speed (i.e. increased mobility) were
counteracted by a decline in the various metrics related to balance ability (i.e. decreased
stability). The results of the correlation analysis supported this finding, showing that for the
older individuals (60–69 years and 70–79 years) increases in gait speed and cadence was
related to increased fall risk. Consequently, the older persons are possibly at a greater risk of
falling immediately post-exercise. Irrespective of the actual mechanism or reason, the
J Am Med Dir Assoc. Author manuscript; available in PMC 2017 May 01.

Morrison et al.

Page 10

Author Manuscript

declines in all of the specified fall-related metrics observed for the older adults (70–79
years) following the treadmill fatigue task indicates that this activity had a detrimental
impact on their ability to maintain optimal balance leading to an increased risk of falling.
This result is of particular importance given that, for many older adults, falls can occur when
they are moving and/or fatigued. Therefore, a more comprehensive understanding of the
problem of falls in older adults can likely be gained from assessing functional properties
related to balance and strength both at rest and following activity.

Conclusion

Author Manuscript

This study assessed the short-term effects of performing a fatiguing walking activity on
specific physiological measures, balance and falls risk for individuals from 30 to 79 years of
age. Overall, fatigue only affected older adults (60–79 years), who exhibited notable
differences in simple reaction time, increased postural sway and a higher falls risk compared
to the younger individuals (i.e., 30–39 years). However, the significant increase in overall
falls risk was only seen in the oldest individuals (70–79 years). While those in the 60–69 age
group showed increases in reaction times and postural sway, the sum of the physiological
changes was not enough to lead to an increase in falls risk. As most falls occur when moving
and/or fatigued, assessing falls risk and balance following activity may provide a better
insight as to overall risk.
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Figure 1.

Differences in RPE values (absolute and change) and heart rate values across the five age
groups. Error bars represent one SE of the mean. Significant differences between age groups
are denoted by an asterisk (*).
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Figure 2.

Bar graph depicting differences in overall falls risk (attained from the PPA) as a function of
the age and the fatigue intervention. Error bars represent one SE of the mean. Significant
differences between age groups are denoted by an asterisk (*) while significant effects due to
the fatigue protocol are denoted with a hash mark (#).
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Figure 3.

Bar graph depicting differences in mean simple reaction time for the hand and the foot.
Differences are shown across the five age groups and as a function of the fatigue
intervention. Error bars represent one SE of the mean. Significant differences between age
groups are denoted by an asterisk (*) while significant effects due to the fatigue protocol are
denoted with a hash mark (#).
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Figure 4.

Average changes in gait (bottom panels; cadence, velocity) and balance (top panels: path
length, COP velocity) across the different age groups as a function of the walking task. For
the balance measures, results are shown for eyes open/foam surface postural condition only.
Error bars represent one SE of the mean.
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1/15

92.2 ± 0.2

Weight (kg)

Number of persons who fell in the past year

170.0 ± 3.1

34.7 ± 0.4

Height (cm)

Age (years)

N (M/F)

30–39

2/15

92.8 ± 0.2

169.3 ± 3.1

45.1 ± 0.4

7/8

40–49
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2/15

97.5 ± 0.3

171.5 ± 2.3

54.3 ± 0.4

7/8

50–59

64.2 ± 0.4

7/8

60–69

6/15

84.5 ± 0.2

168.9 ± 2.9

Age Group (years)

4/15

86.4 ± 0.3

162.6 ± 7.3

74.5 ± 0.3

7/8

70–79
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