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Background. The performance of daily tasks, such as stair climbing or lifting an object, requires both muscle strength
and power. Age-associated reductions in strength and power can affect an older adult’s ability to complete daily tasks such
as stair climbing and lifting a child.

Methods. The purposes of this study were to determine whether power training was more eflficacious than strength
training for improving whole-body physical function in older adults and to examine the relationship between changes in
anaerobic power and muscle strength and changes in physical function. Thirty-nine men and women (mean age = 8D =
72.5 * 6.3 years) with below-average leg cxtensor power were randomly assigned to control (C, n = 15), strength-
training (ST, n = 13) or power-training (PT, n = 1 1) groups. The ST and PT groups met 3 days per week for 16 weeks:
the C group maintained usual activity and attended three lectures during the coursc of the study. Primary outcome
measures included the Continuous Scale Physical Functional Performance test, maximal strength, and anacrobic power.

Results. After baseline was controlled for, the Continuous Scale Physical Functional Performance test total score was
significantly greater for the PT group than for the ST (p = .033) and C (p = .016) groups. Maximal strength was
significantly greater for the ST group than for the C group (p = .015) after the intervention. There was no significant
difference between groups for peak anacrobic power.

Conclusions. Power training was more effective than strength training for improving physical function in community-

dwelling older adults.

HE performance of daily tasks requires muscle strength

and power, though both may be compromised because
of age-associated changes in the neuromuscular system (1).
Inadequate strength may make it difficult to lift a grandchild,
and stair climbing may be difficult with reduced leg power.
Loss of anaerobic power, needed for physically demanding
tasks and serial task performance, can also impose
limitations on older adults. These age-associated changes
are largely due to a reduction in muscle mass, which is
mediated by the loss of type II fibers (2). Numerous studies
of older adults have demonstrated the ability of strength-
training programs to attenuate these losses (3-5).

Whereas strength training incorporates a heavy resistance
moved at a moderate to slow velocity, power training often
utilizes a light resistance moved at a fast velocity.
Participation in a strength-training intervention has been
shown to significantly improve strength (3,6) and some
functional tasks in older adults (3), but older adults who
train for muscle power are more powerful than those who do
not (7-9). Because power has been highly related to
functional task performance (10-12), these individuals may
have a greater ability to rise from a chair, climb stairs, and
possibly avoid a fall.

Power training may improve physical function beyond
that of traditional strength-training intervention because it
involves a high velocity of movement. High-velocity
movements can improve the motor-unit firing rate, syn-
chronization of discharge, and levels of muscle activation
more than strength training can (13—15).

Both strength and power training improve anacrobic
power (16,17) and physical function (16,18,19); however,
studies comparing the effects of power and strength training
on physical function and anaerobic power are limited. The
purposes of this study were to determine whether power
training was more efficacious than strength training for
improving whole-body physical function in older adults and
to examine the relationship between changes in anaerobic
power and muscle strength and changes in physical
function.

METHODS

Subjects and Procedures

Sixty-five men and women between the ages of 65 and
90 with leg extensor power less than 140 W for women
and 210 W for men were recruited from the Athens, GA
community. This level of leg extensor power was chosen
because it corresponded to a low level of physical function
(Continuous Scale Physical Functional Performance test
total score < 55). Exclusion criteria included the following:
poorly controlled or unstable cardiovascular disease or
diabetes, recent unhealed bone fracture (within the past 12
months), severe hypertension (>160/90 mmHg) while
resting quietly in the supine position, leg or arm amputation,
excessive alcohol intake (more than three drinks per day),
a classic anterior compression fracture, neuromuscular
disorders, being nonambulatory, or having recent (<6
months) involvement in a strength-training or running or
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Jogging program. All subjects signed a written informed
consent approved by the Human Subjects Institutional
Review Board at the University of Georgia.

Fifty older adults were stratified by sex and randomized
into onc of three groups: strength training (ST, n = 17),
power training (PT, n = [8) or attention control (C, n =
[5). Subjects were cvaluated on physical function, maximal
strength, and anaerobic power at bascline and after 16
weeks. Subjects in the ST and PT groups met 3 days per
week for 16 weeks. Meanwhile, subjects in the C group
maintained their usual activity without engaging in any
strength training or beginning a new exercisc program dur-
ing the study. They also met for an educational presenta-

tion three times during the 16 weeks. At the conclusion of

the 16 weeks, these subjects had the opportunity to
participatc in a strength-training program.

Strength training—The following three upper- and
lower-body cxercises were performed for three sets of six
to cight repetitions: scated row, chest press, triceps
extension, leg press, leg extension, and scated leg curl
(Keiser Inc., Fresno, CA). Biceps curls, plantar flexion, and
squats were also performed. Each scssion began  with
a 5-minute dynamic warm-up utilizing the major joints and
muscles to be exercised that day. Muscle-specific stretches
were performed after cach set. The intensity progressed
from 50% to 70% of the one-repetition maximum (IRM) by
week 8, and then remained at 80% of the IRM for weeks
9—16. The IRM was retested every 4 weeks so that the
resistance could be adjusted properly. The concentric action
was performed in approximately 4 seconds, and the
cceentric action was slow and controlled.

Power training —The power-training program consisted
of the same cight exercises as the strength-training program;
however, jump squats were performed instead of squats.
Because research suggests building a strength basc prior to
power training (20), the first § weeks were the same as in the
strength-training program. After 8 wecks, the program was
altered to increase muscle power. Each subject performed
thrce sets of six to eight repetitions at 40% of the IRM value
as fast as possible. The concentric action was performed in
approximately [ sccond, and the eccentric action was per-
formed in approximately 2 seconds.

Anthropometric Measures

Percent fat was estimated from the sum of three skinfold
measurements, using  sex-specific generalized equations
(21,22). Skinfold mecasurements were taken with Lange
calipers (Cambridge, MA) and measured to the ncarest
I'mm. Lean thigh volume (LTV) was estimated by using
anthropometric procedures according to Jones and Pcarson
to normalize anacrobic power (23). Each circumference and
skinfold site was recorded twice, and the average value was
calculated.

Physical Function

The Continuous Scale Physical Functional Performance
(CS-PFP) test was used to measure physical function. The
CS-PFP test is a valid functional test that consists of a battery

of 16 everyday tasks measured by the distance moved, the
time to complete each task, and/or the amount of weight
carried (24). The CS-PFP test yields a total score and five
physical domain scores: lower-body strength (LBS), upper-
body strength (UBS), upper-body flexibility (UBF), balance
and coordination (BALC), and endurance (END). Each task
is adjusted to a scale of 0 to 100 (25). The CS-PFP total
is the average of all adjusted scores, and the domain scores
are the average of the tasks in that domain. A detailed
description of the tasks performed has been reported
previously (24) and is available online (http://www.coe.
uga.edu/csptp/).

Maximal Strength

The IRM, the maximal amount of weight that can be
lifted once through the full range of motion while holding to
good form (26), was measured for the chest press (Cemco
Physical Fitness Products, S. El Monte, CA) and leg press
(Chattanooga Group, Inc., Hixson, TN) excrcise. One
warm-up set of approximately four to six rcpetitions was
performed. Resistance was gradually increased until the
subject reached a maximal valuc. No less than 3 minutes
was allowed between each trial. Each subject performed
two familiarization trials before the 1RM test.

Anaerobic Power

The Wingate anaerobic cycle test is a 30-sccond maximal
cycle sprint against a constant resistance. This is a valid test
of anaerobic power (27) that quantifics peak (the highest
average power in any 5-second interval) and mean power
(the average power over the total 30 scconds). The pedal
resistance was based on a percentage of the subject’s lean
body mass (LBM), using the following equation (12):

Load (kg) = [(5§7.4/LBM) X 0.085] X BM.

A 12-lead electrocardiogram recording was taken during
rest, throughout the test, and for 3 minutes posttest. A
physician supervised the electrocardiogram to monitor any
signs of cardiovascular insufficiency. A 5-minute warm-up
on a Monarch cycle ergometer (Model 814E, Varberg,
Sweden) interspersed with four brief sprints was performed
in order to familiarize the subject with the protocol. After
a 7-second countdown, the subject proceeded to pedal as
fast as possible for 30 scconds. The subject or the physician
was able to terminate the test if he or she detcrmined it
unsafe. Upon completion of the test, the subject remained
seated on the bike and pedaled at a low resistance (0.5 kg)
until heart rate rcturned to baseline. During the test, an
optical sensor was used to determine thc number of
revolutions of the cycle flywheel from the reflective markers
on the flywheel. This sensor was interfaced with computer
software (Sports Medicine Industries, St. Cloud, MN) to
calculate mean and peak power.

Statistical Analysis

All statistical analyses were performed with SPSS
(Chicago, IL, Version [0). An analysis of covariance was
used to examine differences between population mcans on
the postmeasure while using the pretest as the covariate.
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Three pairwise comparisons were performed to test whether
power training improved physical function more than
strength training did. Pearson correlation coeflicients were
calculated to evaluate the relationship between the change in
physical function, strength, and anacrobic power. Confi-
dence intervals (Cls) were also calculated. A value of p <
05 was required to establish significance.

RrsuLts

Participants

Of the 50 volunteers, 11 (22% total, 0% C, 24% ST, and
39% PT) did not complete the study because of family
and/or personal medical rcasons, injuries, or relocations.

Six women (ST, n = 5; C, n = 1) fell during the course of

the study. Fourteen participants (93.3%) in the C group
participated in the strength-training program at the conclu-
sion of the 16 weeks. There was no significant difference
between groups at bascline for any physical characteristic
shown in Table [. Table 2 includes the pretest and posttest
data for the outcome variables.

Physical Function

After the bascline was controlled for, the PT group was
significantly greater than the ST group for CS-PFP total
(p = .033; CI: PT = 60.8-69.9, ST = 54.5-62.8), BALC
(p = .013; CI: PT = 57.2-69.1, ST = 47.3-58.2), END
(p = .026; CI. PT = 061.9-72.1, ST = 54.3-63.7), and
UBF (p = .045; CI: PT = 70.6-82.7, ST = 62.7-73.8)
(Table 3). Additionally, the PT group was significantly
greater than the C group for CS-PFP total (p = .016; CI:
C = 54.1-61.8), BALC (p = .013; CI: C = 47.9-58.1),
and END (p = .0006; CI: C = 53.0-61.7). The change in
physical function was not significantly correlated to the
change in pecak anacrobic power (r = .29) or leg press
strength (r = .16).

Maximal Strength and Anaerobic Power

There was no significant difference between the two
exercise groups for cither mecasure of strength or pcak
anaerobic power expressed as absolute (W), relative to LTV
W I b, or relative 1o BM (W kg “1. However, the ST
group was significantly stronger on the leg press (p = .004;
CI: ST = 213.1-248.8, C = 176.6-210.0) and chest press
(p = 0.015; Cl: ST = 70.6-80.0, C = 62.6-71.6) and had
significantly more relative mean power (W kg™ ') than the
C group (p = .032; CI: ST = 2.7-3.4, C = 2.1-2.9) on the
posttest measure (Table 3).

DISCUSSI0N

The major finding of this study was that power training
was more cffective than strength training for improving
whole-body physical function on the CS-PFP test in
community-dwelling older adults. The observed improve-
ments in function support previous work that demonstrated
a significant improvement in CS-PFP total following a
6-month strength-training program for older women with
disability (19) and a combined-strength and endurance-
training program for healthy older adults (18).

Table 1. Physical Characteristics of the Participants at Baseline
Control Strength Power
Variable n=:15) (n = 13) (n=11)
Female (%) 60 53.8 54.5
Age (y) 724 £ 7.2 728 £ 54 728 %= 6.7
Height (cm) 169.9 + 10.0 170.9 *= 9.8 1704 = 11.3
Body mass (kg) 68.22 == 13:5 80.20 * 24.0 1943 % 157
LBM (kg) 49,8 & 10.1 555 13.8 564 = 11.8
Body fat (%) 26577 =562 2923103 29.05 £17.3

Notes: Physical characteristics are means = SD. LBM = lean body mass.

Interestingly, the PT group performed less absolute total
work than the ST group during cach exercise session, yet the
PT group improved physical function more than the ST
group. This suggests that significant changes in physical
function are not dictated by the amount of absolute total
work performed. These data indicate that the velocity of
movement and intensity of exercise had a greater influence
on the improvement in physical function than total work
performed.

Physiological and functional adaptations arc specific
to the type of training performed (28,29). The ability
of older adults to [ift small objects was greater after
participation in a strength-training program than a power-
training program (16) and athletic performance improved
in young adults after power training more so than after
strength training (30). In the current study, the PT group
performed individual tasks faster after participating in the
power-training intervention, whercas the ST group carried
more weight after participating in the strength-training
intervention. Other rescarchers have suggested that power
training results in greater neural activation than strength
training (13~15). This may help explain the observed
improvement in timed-task performance by the power-
training group.

Results indicated that both programs were cqually
cffective for improving maximal strength. The ST group
was significantly stronger than the C group following
training; however, there were no significant differences
between the exercise groups. These results support past
rescarch that has demonstrated a lack of diflerence between
the groups (7.8,31). Findings for anacrobic power were also
nonsignificant between the groups.

The observed improvement in physical function without
an improvement in anacrobic power suggests that training
adaptations did occur; however, the lack of signiticant
findings for anacrobic power may be duc to factors
unrelated 1o the strength- and power-training  programs.
Because many older adults do not cycle regularly, in-
adequate familiarity with cycling may have confounded the
results on the Wingate test. Because blood lactate was not
measured, there was no direct physiological measure (o
cnsurc that anaerobic metabolism was clicited on cither the
pretest or posttest Wingate. However, we have previously
demonstrated a significant increase in blood lactate in older
adults after they perform the Wingate test (12), and Jozsi
and coworkers (4) demonstrated a signilicant increasce in
relative mean anacrobic power (13%) after 9 months of
strength and power training. In young adults, power training
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Table 2. Descriptive Data for Outcome Variables
Control (n = 15) Strength (n = 13) Power (n = 11)
Variable Before After Before After Before After
IRM strength
Chest press (kg) 29.36:12.2 29.18 £ 13.6 30.25 & 158 34.62 £ 17.7 a0k 12.9 34.81 * 14.6
Leg press (kg) 7561 2389 719:71.:%37.5 85.61 £ 452 10527225581 9545 % 332 107.65 =322
Anaerobic power
Peak power (W) 263.0 = 81 248.4 + 83 2622 &= 117 294.5 £ 117 310.2 £ 105 334.7 £+.137
Peak power (W 17" 88.04 = 32.3 831011271 68.90 £ 22.6 81.84 * 26.5 91:49 = 35.6 91.45 * 34.0
Mean power (W) 199.8 * 64 176.0 * 54 216.7 =100 234.1 £ 107 233.1.2= 80 2475 119,
Mean power (W 171 66.31 = 249 5871 #1170 57.02 = 20.1 65.38 * 26.6 68.36 = 25.0 66.49 * 27.6
Physical function
CS-PFP total 55.5 k14 57.0:5 18 55.5. =10 57910 582 .13 67118
LBS 479 + 17 504 LS 49.8 = 10 5018513 54.1 = 16 61:3:<£116
UBS 64.3 + 15 66.0 + 4 62.8 = 13 679513 70.7 £+ 16 74.6 * 4
UBF 67515 69.3 = 11 66.3 13 681 =13 69 15 7638
BALC 524 % 15 52:6 =+ 19 534i==13 58.2 211 529 1 632 * 4
END 56.2 = 14 573 £18 555 =11 582 =11 574 =12 68.0 = 14

Notes: CS-PFP = Continuous Scale Physical Functional Performance test; IRM = one repetition maximum; LBS and UBS = lower and upper body strength,
respectively; UBF = upper body flexibility; BALC = balance and coordination; END = endurance. Data are means * SD.

has significantly increased anaerobic power (32,33). Al-
though other researchers have also found significant
improvements in power in subjects after they go through
strength and power training (4,5,7-9,16,31), the power
measures from the Wingate test do not allow for a direct
comparison with these studies because of the difference in
metabolic demand between the different tests.

When any new exercise program is begun, the risk of
injury must be minimized. This study had a 22% dropout
rate (n = 11), with less than one third of that (» = 3) caused
by injuries. Turning too quickly, tripping over the base of
a machine, and falling backward during the downward
phasc of the squat caused the three falls that occurred during
the exercise sessions. The other falls occurred in the
individuals’ homes. In the beginning of the study, one
participant strained a hamstring during the leg curl exercise.
This prompted a reduction in the intensity of the exercises

during the first 4 weeks and a more gradual progression of
the resistance.

Conclusions

There were limitations to this study. The trainer and tester
were not blinded to the group assignment. To counter any
bias, motivation and testing procedures were the same for all
groups. Unfortunately, a post hoc power analysis revealed
insufficient power to detect differences between groups for
anaerobic power, thus affecting our results.

In conclusion, power training improved whole-body
physical function more than strength training in communi-
ty-dwelling older adults, despite the fact that it cntailed
performing less work, but exhibited similar anaerobic power
and strength. These results suggest that functional measure-
ments may be more sensitive than capacity measures for
detecting change after an exercise intervention, because

Table 3. Results of the Planned Comparisons Adjusted for Baseline Scores

Control Strength Power
Variable (n = 15) (n = 13) (n=11) F Value
IRM strength
Chest press (kg) 3051 1.0 3423 + 1.0 83,5925 1.1 372
Long press (kg) 87.86 * 3.7 104.98 + 3.9" 97.59 = 4.2 4.69
Anaerobic power
Peak power (W) 262.5 = 18.1 309.4 * 16.5 302.8 = 18.3 2.06
Peak power (W 17" 78.73 + 6.3 91.09 /= 5.8 84.64 * 6.3 1.01
Mean power (W) 193.0 £ 15.6 2339 = 14.1 2307 £ 156 2.20
Mean power (W 17" 5691 =54 7020+ 5.0 62.92 £ 5.5 1.70
Physical function
CS-PFP total ST:94E 1.9 586 + 2.0" 65.4 + 227 3.68
LBS 53,1t 2.2 513224 573 = 2.6 1.50
UBS 68.0 = 1.6 78l 70:8:£ 1.9 1.38
UBF 68.9 £ 2.5 683 + 2.7* 7665 2.9 2.65
BALC 53:0 £ 2.5 528 07t 63.1 = 2.9' 4.39
END 573k 2.2 59.0 = 2.3* 67.0 + 2.5 4.58

Notes: Values are reported as mean * SE. CS-PFP = Continuous Scale Physical Functional Performance test; IRM = one repetition maximum; LBS and
UBS = lower and upper body strength, respectively; UBF = upper body flexibility; BALC = balance and coordination; END = endurance.
*significantly different from power training, p < .05; Tsignificantly different from control.
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physical function is the submaximal integration of physio-
logical systems (24). Further evidence is needed to support
the efficacy of a power-training program over a strength-
training program to improve physical function, along with
qualitative measures to address other outcomes related to
life satisfaction.
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