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ABSTRACT
Purpose:
a relationship to laboratory measures of walking in older adults,

While lower extremity strength and power show

the relationship of strength and power to walking behaviors in a
community setting is unclear. The purpose of this study was to
examine the relationship between lower extremity strength, peak
power, power at a low relative intensity, and power at a high relative
intensity to everyday walking behaviors in older adults. Methods:
Thirty community-dwelling older adults (mean age = 77.3 + 7.0,
25 females, 5 males) took part in the study. Lower extremity
strength and power were measured with a pneumatic resistance
leg press. An accelerometer activity monitor was used to measure
walking behaviors across 6 days with total steps, distance, and walk-
ing speed used as outcome measures. Results: Peak power (R? =
0.16) was significantly related to total steps. Strength (R* = 0.23),
peak power (R? = 0.44), power at low relative intensity (R? = 0.41),
and power at high relative intensity (R?* = 0.34) were significantly
related to distance. Strength (R* = 0.39), peak power (R* = 0.50),
power at low relative intensity (R? = 0.38), and power at high rela-
tive intensity (R? = 0.48) were significantly related to walking speed.
Conclusions: Lower extremity strength, peak power, power at a
low relative intensity, and power at a high relative intensity are all
related to walking behaviors in older adults with peak power having
the strongest relationship.
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INTRODUCTION

The importance of physical activity for older adults has been
acknowledged through numerous research studies and is promoted
as a key intervention in maintaining health by organizations such
as the American College of Sports Medicine and Healthy People
2010."% One of the most common form of physical activity that
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older adults participate in is walking.* Walking, whether as part
of a formal exercise program or performed through daily activities,
has many benefits for older adults including improved mobility,
increased quality of life, improved bone health, lower rates of hip
fractures, improved functional capacity, and even lower mortality

rates.””

Additionally, walking is considered a low impact, safe,
and inexpensive form of physical activity.!® Unfortunately 61% of
Americans 65 years of age or older do not achieve the recommended
physical activity level of 30 or more minutes of moderate intensity
activity on most days of the week, and 34% are completely seden-
tary.!! Increasing physical activity levels, through such activities as
walking, has the potential to improve the health and quality of life
of older adults,"? but in order to do this, health care professionals
need a better understanding of the factors that limit activity.

One factor that may be responsible for the low levels of physical
activity and walking in older adults is the decline in muscle mass
with a specific atrophy of Type II muscle fibers that takes place
during the aging process.”*> This loss of skeletal muscle, termed
sarcopenia, is a pathological condition that can lead to the develop-
1617 Muscle

strength is defined as the ability of a muscle or muscle group to exert

ment of impairments in muscle strength and power.

a maximal force or torque at a specific velocity during a muscle con-
traction. Muscle power is characterized by the product of force pro-
duction and the velocity at which the force is produced.”® Muscle
strength and power have both been shown to decline with the aging
process with power declining at a faster rate than strength.'3!%%
Researchers have found that those older adults with higher levels
of lower extremity strength and power demonstrate greater walking
speeds and distances than those with lower levels of strength and
power.?'* In these studies, researchers have found that peak power
in the lower extremities consistently demonstrates a greater relation-
ship to walking speed and distance than strength. Additionally,
some study findings suggest that power and speed of movement at
a low relative intensity may have a stronger relationship on walk-
ing performance than power and speed at a high relative intensity
because walking is a low intensity activity.#*

In these studies, the measurement of walking has been com-
pleted in the laboratory setting (gait speed across a short distance
or distance ambulated during walk tests) to establish the capacity
for walking. This approach may not reflect the actual walking
behaviors of older adults in the community. Environmental, social,
and psychological factors have all been identified as determinants of
community walking.** Because of the influence these factors, the
association of lower extremity strength and power to actual walking
behavior may not be a great as previous studies have indicated.

Given the importance of physical activity for older adults and
the number of older adults who chose walking as their form of



physical activity, a better understanding of how strength and power
are related to everyday walking behaviors may provide guidance in
the design of training programs to increase actual walking levels.
The purpose of this study was to examine the relationship between
lower extremity strength, peak power, power at a low relative inten-
sity [(40% one repetition maximum (1-RM)], and power at a high
relative intensity (90% 1-RM) to walking behaviors (average steps
per day, average distance walked per day, and average walking speed
measured with an activity monitor) in community-dwelling older
adults with functional limitations. It was hypothesized that power
at a low relative intensity would have the greatest relationship on
walking behaviors because walking is considered a low intensity
activity.

METHODS
Study Design

This study employed a cross sectional design. Subjects took part
in 3 sessions. Figure 1 displays the outcome measures used during
each session and the time between sessions.

Study Population

Thirty community-dwelling older adults (mean age = 77.3 + 7.0,
25 females, 5 males) with self-reported mild to moderate functional
limitations were recruited to participate in this study. Those with
one or more limitations on the physical function subscale of the
Medical Outcome Survey (SF-36)% were considered to have self-
reported mild to moderate limitations. The decision to seek indi-
viduals with limitations was made so the subjects better reflected the
general population of older adults who present with impairments
that affect function. Exclusion criteria included acute or terminal
illnesses, myocardial infarction in the last 6 months, moderate or
severe chronic obstructive pulmonary disease, uncontrolled hyper-
tension, uncontrolled metabolic disease, acute orthopedic injuries,
recent unhealed fractures, neurological disease, muscular disease,
inability to ambulate, or significant cognitive impairments (<23 on
the Folstein Mini Mental State Examination®). Each subject pro-
vided written informed consent prior to any data collection. The
30 subjects on average had 2.7 + 1.4 chronic health conditions, took
4.7 + 3.4 prescription medications, and reported 4.4 + 2.0 limita-
tions on the SF-36 physical function subscale. The average body
mass index of the subjects was 29.8 + 8.1 kg/m?.

Muscle Performance Testing

The Keiser 420 Leg Press (Keiser Corporation, Fresno, Calif)
was used to assess bilateral lower extremity strength and power. The
leg press is a piston pneumatic system that uses air pressure to create
resistance. Inside each cylinder sensors measure changes in pres-
sure and the positional movement of the piston inside the cylinder
to calculate force and power production. This method of testing
demonstrates high reliability and validity for the assessment lower
extremity strength and power in older adults.?#%"3

The protocol used to test strength and power has been previously
described in detail.*® Briefly, subjects first completed an orientation
session to the leg press during the first session. This allowed them
to practice high velocity contractions and become familiar with the
testing procedure. Assessment of strength and power took place dur-
ing the second session, 7 days after the first session. Lower extremity
strength was assessed by establishing each subject’s 1-RM on the leg
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Session 1

AMP 331 Activity Monitor Issued
Orientation to Leg Press

7 Days

Session 2

AMP 331 Activity Monitor Returned
Strength & Power Assessment

2-7 Days

Session 3

Strength & Power Reassessment

Figure 1. Study design.

press. At the completion of strength testing, power was assessed
at 40%, 50%, 60%, 70%, 80%, and 90% of the measured 1-RM.
Measurement of power at 6 different relative intensities allowed the
examination of the importance of power across a range of values.
Subjects were instructed to extend their legs to a point of almost full
extension as quickly as possible against the set resistance and then
slowly return the pedals to the start position. Three attempts were
given at each external resistance with the highest value recorded for
analysis to represent the subject’s best performance. A 30 to 60 sec-
ond rest was given between each of the attempts. This protocol was
repeated during the third session, 2 to 7 days after the second ses-
sion to account for possible learning effects involved with strength
testing in older adults.* The greater of the two strength measures
were used for analysis. The power results associated with the higher
strength measurement were used for analysis. If a subject had the
same strength measurements between the 2 trials, the power testing
session with overall greatest power was used for analysis. Strength
and power results were normalized to body mass.

Three outcomes measures of power were used to allow the
examination of the influence of power across a range of intensities.
Overall peak power, power at 40% 1-RM, and power at 90% 1-RM
were used for analysis. Power at 40% 1-RM represented power at a
low relative intensity and has been found to have a relationship to
laboratory walking measures.”* Power at 90% 1-RM was examined
to determine the importance of power at a high intensity on walk-
ing performance. The loss of strength and power that takes place
during the aging process" and due to inactivity and decondition-
ing® may make tasks thought of as low intensity activities, such as
walking, more strenuous for older adults because there is less muscle
to perform the activity and the muscle that remains has to work at
a higher intensity during the activity. This may lead to older adults
requiring a higher percentage of their maximal force production to
complete these previously low intensities activities. For this reason,
it was decided that considering the relationship of power at a high
relative intensity to walking behaviors would be an important issue
to explore.
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Walking Behaviors

The AMP 331 (Dynastream Innovations, Cochrane Alberta,
Canada) was used to assess everyday walking behaviors. The AMP
331 is a triaxial accelerometer worn around the ankle in a mesh
pouch that uses acceleration data along with the angular position
of the shank of the leg to tabulate cadence, determine the length of
each step, and the time duration of each step. From this informa-
tion, gait speed and distance traveled are calculated. The AMP 331
demonstrates high accuracy for distance (94%) and step counts
(99%) and low error rate for walking speed (< 2.5%).°** The aver-
age number of total steps per day, walking distance (meters) per day,
and average walking speed (m/s) per day were determined from 6
full days of wearing the AMP 331. The epoch of the AMP 331 was
set at one hour. If subjects did not wear the AMP 331 for a total of 8
hours a day, the data from this day were eliminated from analysis.

At the end of the first session, subjects received the activity
monitor, written instructions on how to use the monitor, and a log
book to track the types of activities performed throughout the week.
During the second session, subjects returned their activity monitor

and log book.

Statistical Analysis

All data analyses were performed using SPSS 12.0 for Windows
(SPSS Inc. Chicago, Ill). Pearson Correlation Coefficients were
calculated first to determine the relationship between measures of
strength, power, and walking behaviors. Because previous studies
have demonstrated a curvilinear relationship between strength and
physical limitations, and power and physical limitations in older
adults?3® scatter plots were first visually inspected for any signs of a
nonlinear relationship between the measures of strength and power
to total steps, walking distance, or walking speed. If scatter plots
indicated a possible curvilinear relationship, further analysis was
performed to determine whether a significant curvilinear relation-
ship was present.

Stepwise multiple regression models were used to determine the
relationship between measures of strength and power to walking
behaviors and to determine how much of the variance in walking
behaviors could be explained through strength and power measures.
Three regression models were used with total steps, walking dis-
tance, and walking speed serving as dependent variables. Strength,
peak power, power at 40% 1-RM, and power at 90% 1-RM were
considered as possible independent variables. The significance level

Table 1. Results of Outcomes Measures

for entrance into the regression equation was set at p < 0.05 and the
significance level for removal was set at p > 0.10. Age and sex were
considered possible covariates. If age or sex was significant related
to total steps, walking distance, or walking speed, they were entered
into the model prior to measures of strength or power.

Regression diagnostics were investigated for all models. If a
standardized residual was three or more standard deviations from
the mean, it was considered an outlier. The influence of each case
on the regression equation was examined through Cook’s Distance.
Cook’s Distance measures the extent to which the regression coef-
ficients change when an observation is removed from the model.”
Cook Distance greater than one indicates that the case is having
a large impact on the model and may be misrepresenting the true
nature of the relationship between the independent and dependent
variables. Cases with Cook’s Distance values greater than one were
identified as cases that should be considered an outlier.

RESULTS

Mean, standard deviation, and 95% confidence interval values
for strength, power, and walking behaviors are displayed in Table
1. Detailed information on reliability between testing sessions for
strength and power has previously been published.* Generally, high
reliability was found between muscle testing sessions (ICC’s ranging
from 0.87 — 0.99). Four subjects has missing data at 40% 1-RM
and one subject had missing data at 50% 1-RM secondary to the
lowest amount of resistance the leg press could provide being greater
than 40% or 50% of the 4 subjects’ I-RM. Subjects achieved peak
power across a range of relative intensities with the mean relative
intensity at which peak power occurred equaling 62% of 1-RM.

One subject’s walking data was lost due to a computer error and
the subject refused to wear the activity monitor for another week.
Seven subjects had one day of data eliminated from analysis and
one subject had 2 days eliminated due to not wearing the activity
monitor for 8 hours during those days. Analysis was performed
to determine whether it would be appropriate to use the data for
subjects without 6 full days of activity recorded. For the 20 subjects
with 6 valid days of data, 2 techniques were undertaken. First, a
repeated measures analysis of variance (ANOVA) was performed
to determine whether there were significant differences in steps,
distance, or speed between days. If the ANOVA demonstrated a sig-
nificance difference, this would indicate that the walking behaviors
differ based on the day and would limit the ability to use data from

Mean + SD 95% Confidence Interval
Strength (Newtons/kilograms) 15.5+4.0 14.0-17.0
Peak Power (Watts/kilograms) 7.6 +2.7 6.6-8.6
Power 40% 1-RM (Watts/kilograms) 7.1 +2.7 6.1-8.1
Power 90% 1-RM (Watts/kilograms) 5.7 +2.4 4.8-6.6
Total Steps 6384.4 + 2370.8 5521.5-7247.3
Walking Distance (meters per day) 2174.0 + 898.3 1847.1-2501.0
Walking Speed (meters/second) 0.72 +0.17 0.66-0.78
SD — Standard Deviation
1-RM — One repetition maximum
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subjects with less than 6 days of data. Second, intraclass correlation
coefficients (ICC) were calculated to determine the consistency
between the total steps, walking distance, and walking speed aver-
aged across the first 4 days in comparison to the average of all 6 days.
No differences were found between the days 1-6 for steps (F = 1.47,
p = 0.21), distance (F = 1.07, p = 0.39), or speed (F = 0.974, p =
0.44). These findings showed that subjects’ amount and intensity
of walking behaviors between days did not significantly differ. The
ICC’s ranged from 0.97 — 0.98 indicating that the average values
across 4 days were consistent with average values across 6 days. The
results of both of these analyses supported including subjects who
did not have 6 full days of data in the analysis.

Table 2 presents results from the correlation analysis. Variables
of strength and power results showed high correlation indicating
that those subjects with high strength also had high power values.
This finding is similar to correlation values between strength and
power measures previously reported in the literature.” Table 2 also
lists the correlation between measures of strength, power, total steps,
walking distance, and walking speed. Only peak power was signifi-
cant correlated with total steps. All values of strength and power
were correlated with walking distance and walking speed with peak
power having the highest correlation. All three values of power had
higher correlations with walking distance and walking speed than
strength.

Inspection of scatter plots did not indicate the presence of a cur-
vilinear relationship between the strength and power values to total
steps, walking distance, or walking speed. Based on this finding, it
was determined that further analysis into curvilinear relationships
was not warranted.

When stepwise multiple regression analysis was carried out, only
one independent variable, peak power, was entered into each of the
three models. These findings indicated that peak power had the
greatest relationship to total steps, walking distance, and walking
speed in comparison to the other independent variables. The other
independent variables likely did not enter the models because of the
high correlation between the strength and power values (Table 2).
Based on this situation, it was decided to carry out separate simple
linear regression analysis to determine the relationship between
strength and power measures to each measure of walking behavior.
Total steps, walking distance, and walking speed were the dependent
variables and measures of strength and power were the independent
variables. This allowed the calculation of coefficient of determina-

tions (R?) between each independent variable to each dependent
variable and also allowed the investigators to control for any cova-
riance between age and sex to the dependent variables. Twelve
simple linear regression models were developed with results showed
in Table 3. At no time was age or sex significantly related to total
steps, walking distance, or walking speed. One subject’s data for
walking distance and walking speed was considered an outlier and
eliminated from analysis. As was similarly found in the correlation
analysis, peak power explain the most variance in the dependent
variables and all power values had greater relationships to walking
distance and walking speed than strength. Coefficient of determina-
tions are displayed in Figure 2.

DISCUSSION

The results of this study show that lower extremity strength,
peak power, power at a low relative intensity, and power at a high
relative intensity are all related to everyday walking behaviors in
older adults with functional limitations. Of all the measures of
strength and power, peak power had the strongest relationship to
walking behaviors. While some of the results reflect aspects of
other studies in the literature, this is the first study to examine the
relationship between strength and power to actual everyday walking
behaviors measured with activity monitors.

Subjects with mild to moderate functional limitations were
sought for this study to better reflect the population that most
health care professional work encounter. Based on the number of
chronic health conditions and limitations on the SF-36 physical
function subscale, the subjects in the study did meet this criterion.
The subjects in this study averaged 6384.4 + 2370.8 steps per day.
This value is comparable to other studies that have reported step
counts for older adults with limitations.*!

Based on the findings of previous studies,? it was hypothesized
that power at a low relative intensity would have the greatest influ-
ence on walking behaviors because walking is considered a lower
intensity activities. However in this study, peak power consistently
explained more of the variance in the walking data than any other
measure. One explanation for this finding is because the subjects
is this study had mild to moderate functional limitations and likely
suffered from sarcopenia, walking was a more strenuous activity.
The subject’s may have had a loss of their physiological reserve and
needed a higher relative intensity of strength and power to ambu-
late. It should be acknowledged that the investigators did not col-

Table 2. Pearson Correlation Coefficients between Strength and Power Values and Walking Behaviors

Peak Power Power at 40% | Power at 90% Steps per Walking Walking
1-RM 1-RM Day Distance Speed
Strength 0.93%* 0.93%** 0.70*** 0.31 0.48** 0.62%*
Peak Power 0.98%** 0.77%* 0.40* 0.61%** 0.70%**
Power at 40% 1-RM 0.66*** 0.29 0.52** 0.62***
Power at 90% 1-RM 0.36 0.59%** 0.69***

*p <0.05
b <0.01
% 5 20,001

Note: Correlation analysis completed with strength and power results normalized to body mass.
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Table 3. Simple Linear Regression Models for Strength and Power to Walking Behavior

Variables B SEB i R?
Total Steps as the Dependent Variable
Constant 3566.38 1704.67

Strength 184.15 107.86 0.31 0.10
Constant 378.25 1224.63

Peak Power 340.99 152.08 0.40 0.16*
Constant 4999.58 1223.03

Power at 40% 1-RM 237.41 160.68 0.29 0.09
Constant 4413.03 1070.50

Power at 90% 1-RM 351.73 175.81 0.36 0.13
Walking Distance as the Dependent Variable
Constant 517.88 594.87

Strength 108.22 37.64 0.48 0.23**
Constant 576.75 358.32

Peak Power T 201.68 44.28 0.67 0.44***
Constant 870.81 367.04

Power at 40% 1-RM 187.40 47.63 0.64 0.41%**
Constant 957.28 352.41

Power at 90% 1-RM 217.08 57.88 0.59 0.34**
Walking Speed as the Dependent Variable
Constant 0.33 0.10

Strength 0.03 0.01 0.62 0.39*
Constant 0.41 0.07

Peak Power 0.04 0.01 0.70 0.50%**
Constant 0.47 0.08

Power at 40% 1-RM 0.04 0.01 0.62 0.38***
Constant 0.46 0.06

Power at 90% 1-RM 0.05 0.01 0.69 0.48***
*p<0.05
**p<0.01
% 5 < 0.001
1 Indicates that one subject’s data were excluded from analysis due to being an outlier

lect any data, such bioelectrical impedance body composition, dual
energy X-ray absorptiometry, or hand grip strength,** that would
allow a diagnosis of sarcopenia to be made.

A second reason for the finding about peak power might be that
walking behavior in this study was examined outside of a laboratory
environment using an activity monitor. In the laboratory setting,
walking measures reflect what a person can do, while data collected
with an activity monitor measures what the person actually does.
This difference is demonstrated when gait speed across a 4 meter
distance for the subjects in this study (0.97 + 0.23 m/s)* is com-
pared to their gait speed values from the AMP 331. The Pearson
Correlation Coefficient between the two measures of gait speed is r
= 0.56 (p = 0.002). This correlation is significant, but the 4 meter
gait speed does not entirely explain the gait speed chosen during

Journal of Geriatric Physical Therapy Vol. 31;1:08

everyday walking. Factors such as environment, family situations,
socio-economical situations, and motivation likely led to the dif-
ferences. Healthcare professionals should consider these nonphysi-
ological factors, in addition to walking capability, when prescribing
walking program. Ultimately, health outcomes are realized via
habitual, everyday activity. Incorporating both community and lab-
oratory measures may be an optimal strategy for tracking progress.
Certainly, a closer examination of the relationship between walking
speed in the community and walking speed in the laboratory is war-
ranted in future studies.

One of the main aims of this study was to see if strength and
power were related to everyday walking to the same magnitude as
laboratory measures of walking. Since one of the ultimate goals of
rehabilitation professionals is to improve community function and
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Figure 2. Coefficient of determination for strength and power
measurements to walking behavior.

quality of life, these results have meaningful implications. The
results of this study demonstrate that lower extremity strength
and power may have a stronger relationship to everyday walking
behaviors in older adults than laboratory measures of walking. In
previous studies, the relationship of power to laboratory walking
speed demonstrated R* values ranging from 0.26-0.41.21*% In
this study, the R? values for power values to everyday walking speed
ranged from 0.38-0.50. These results provide further support for
the importance of training to increase lower extremity strength and
power in older adults.

A Priori it is was determined that stepwise multiple regression
analysis would be used to examine the relationships of strength and
power to total steps, walking distance, and walking speed. High
correlation between measures of strength and power limited our
ability to use stepwise regression analysis to understand the rela-
tionships between strength and power values to walking behaviors.
The decision was made to use simple linear regression instead.
One criticism of this technique is that it led to 12 separate analyses
performed and increased the risk of Type I error. As was addressed
in the previous paragraph, the R? values in the significant regression
models were equal to or greater than values reported in previous
studies. Additionally, the p values for the significant regression
models were less than 0.01 in 8 or 9 significant models with 7 of
the 9 models having p values equal to or less than 0.001. Based on
these factors, we feel that the significant relationships are meaning-
ful and likely not because of Type I error.

The assessment of step counts provides important information
on subjects’ amount of activity and has become a popular outcome
measure for physical activit, However, the analysis of total steps
has limitations that need to be considered when studying older
adults. Older adults have been shown to have a shorter step length
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than younger adults.® Additionally, older adults who have greater
limitations in function demonstrate a smaller step length than
older adults who do not have limitations.”” These studies would
indicate that older subjects and those subjects with functional
limitations likely take a greater number of steps to cover the same
distance in comparison to the younger subjects and those without
functional limitations. If total steps was used as the sole outcome
measure, older adults with functional limitations may appear to
be more active than other subjects, when in fact this may not be
the case. These shortcomings of measuring steps in older adults
are likely why measures of muscle strength and power had weaker
relationships to total steps. While previous studies have found that
step counts can distinguish between older adults with different

functional abilities, 4!

the issue of changes in step length should
be considered when only examining step counts. The limitation of
examining only steps highlights the strengths of the AMP 331 in
its ability to measure step length and walking speed.

Since 8 subjects did not have the full 6 days of activity monitor
data, analysis was done to see if the measured walking performance
across 4 days would be different than performance across 6 days.
Previous investigators have stated that an ICC of 0.80 or greater
is desirable to demonstrate consistency in measurements across
days.*®
finding has importance for investigators who use activity monitors

Our analysis supported using only 4 days of data. This

with older adults. Measuring activity across a smaller range of days
decreases the burden on the subjects and would allow assessment
of more subjects in a shorter time period.

The results of this study support the importance of lower
extremity strength and power in older adults and the potential of
resistance training to have a significant effect on community func-
tion. The fact that peak power explained 50% of the variance in
walking speed gives the indication that a well designed resistance
training program with a focus on power may lead to significant
improvements in community walking speed. Since a low walking
speed is related to the presence of chronic disease, general mobility

limitations, and disability,*!

a strength and power training pro-
gram that leads to improvements in walking speed may then lead to
better function and quality of life in older adults. While previous
investigators have found improvements in laboratory measures of

°253 and power training,

walking speed through strength training
whether these improvements carry over to community ambulation
still needs to be explored.

There are limitations associated with this study that need to
be stated. First, only 29 subjects were used for analysis and 24
of those were female. The application of these results to the gen-
eral population of older adults, especially those without functional
limitations, needs to proceed with caution. Second, this study used
a cross-sectional design and none of these results prove a causal
relationship between strength and power to walking behaviors in
older adults.

In conclusion, lower extremity strength and power has a posi-
tive association to the community walking behaviors of older adults
with peak power having the strongest relationship. The prescrip-
tion of a training program to improve muscle strength and power,
along with behavioral interventions that address environment,
social, and psychological barriers to activity, should be considered
for older adults with functional limitations as a means to improve
walking behaviors.
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