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2007.—Over the past century, increases in both longevity and
the number of older adults in the U.S.A. have given rise to great-
er numbers of functionally limited and disabled older adults.
This has resulted in a decline in the quality of life of our elderly
population, as well as an increased burden on our health care
system. Resistance training (RT) with a strengthening compo-
nent has traditionally been recommended to improve health and
physical functioning in older adults. Muscle power (force X ve-
locity), or the ability to produce force rapidly, has recently
emerged as an important predictor of functioning in older men
and women and has been the current focus of many RT studies.
In this review, the physiological changes that contribute to the
declines in muscle strength and power with aging will first be
examined, followed by a discussion of the prevailing theories be-
hind the use of traditional RT in older men and women. The
rationale for high-velocity RT will then be explored, and the re-
cent literature on novel training interventions designed to im-
prove muscle power in older adults will be discussed. Finally,
some preliminary evidence demonstrating the benefits of high-
velocity power training in older men and women will be pre-
sented.
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INTRODUCTION

t the turn of the 20th century, 3 million Amer-

icans (4% of the population) were 65 years or

older. Today, approximately 33 million Amer-

icans are age 65 years or older (13% of the

population). This number is expected to dou-
ble to nearly 70 million (~20% of the population) by the
year 2030 and almost triple to 93 million by the year 2050
(21). In addition, adults 85 years or older are the fastest
growing segment of the older adult population, and the
number of men and women 100 years of age or older is
expected to increase more than fivefold by the year 2030
(21). Although older adults in the U.S.A. are increasing
in numbers and living longer than ever before, an unfor-
tunate result of this positive trend has been an increase
in chronic conditions (38). For example, 1 in 5 older adults
over 65 years of age have chronic disabilities (67), and if
the average adult reaches the current 77-year life expec-
tancy, it is likely that at least 13 of those years will be
lived with some form of physical disability (38). For a
country with a growing elderly population, trends in dis-
ablement will not only affect quality of life of our aged
but will increase the burden on an already overwhelmed
health care system. To reduce dependence and improve
the quality of life of the older adult population, it is nec-
essary to identify and develop exercise interventions that
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improve or help maintain measures of function and dis-
ability with aging.

Physical activity and exercise has long been promoted
to maintain health and reduce functional decline in older
adults; however, there is little consensus on the optimal
method to achieve these goals. Current recommendations
for resistance training (RT) in adults encourage slow-ve-
locity contractions at a relatively high percentage of max-
imal force (~50-80%) to improve muscle strength (2). Re-
cently, however, muscle power has emerged as an impor-
tant predictor of functioning and disability in older adults
(7, 15, 71, 74). Although strongly associated with muscle
strength, muscle power is a distinctly different muscle
performance variable. Muscle power is the maximum rate
of work performance, or the product of force X velocity.
Whereas muscle strength reflects the ability of the muscle
to produce force, muscle power reflects the ability to pro-
duce force quickly (7). Despite the widespread recommen-
dation of strength-enhancing RT, these protocols have not
convincingly demonstrated improvements in measures of
function and disability in older adults (43, 48). In addi-
tion, despite the influence of muscle power on functional
measures in older adults, few studies have examined
higher velocity RT interventions designed to improve
muscle power in this population.

The purpose of this paper is to examine the research
on muscle power and movement velocity in older men and
women and discuss the critical importance of these vari-
ables to this population. First, the physiological changes
that affect the declines in muscle strength and power
with aging will be discussed. Next, the prevailing theories
behind traditional RT in older men and women will be
examined, followed by the rationale for emphasizing high-
er velocity training in this population. Finally, the recent
literature on novel training interventions designed to im-
prove muscle power will be reviewed, and preliminary ev-
idence from the Human Performance Laboratory (HPL)
at the University of Missouri—Columbia (MU) demon-
strating the benefits of high-velocity power training will
be presented.

Age-Related Change in Muscle Mass, Strength,
and Power

As we age, physical activity levels decrease, which can
result in a downward spiral of reduced muscle mass, com-
promised physical functioning, and increased physical
disability and dependence. Men and women lose approx-
imately 1-2% of their muscle mass per year after the age
of 50 (53). This age-associated loss of muscle is known as
sarcopenia, a complex etiology involving both age-related
conditions as well as changes in human behavior. Age-



related hormonal changes contributing to sarcopenia in-
clude a decrease in testosterone, growth hormone (GH),
and GH-activated insulin-like growth factor (IGF-1), all
of which have anabolic roles in stimulating tissue growth
(53, 69). Men and women also lose approximately half of
the motor units innervating the individual muscle fibers
by age 60 because of death of a-motorneurons in the spi-
nal cord (18). Muscle fibers losing neural innervation that
are not reinnervated by existing motor units will die and
contribute to a loss of muscle fiber number. There is also
an age-related increase in inflammatory mediators such
as Interleukin (IL)-6, tumor necrosis factor (TNF), and
other cytokines, which have been shown to exert a cata-
bolic effect on muscle tissue (69). Behavioral factors that
contribute to muscle loss with aging can include disuse
atrophy because of reduced levels of physical activity and
decreased caloric intake (particularly protein), which
compromises growth and maintenance of muscle mass
(69).

The loss of muscle mass with aging clearly contributes
to the loss of force-producing ability of the muscle because
of a decrease in physiological cross-sectional area of whole
muscle over time. Metter et al. (55) reported that muscle
strength appears to be maintained up to age 50; however,
there is an accelerated strength loss thereafter, up to 15%
per decade in the sixth and seventh decade (68), with a
more precipitous loss after the seventh decade (3). Muscle
power, on the other hand, begins to decline in the third
and fourth decade of life (55). In addition, the rate of mus-
cle power loss increases after the age of 60 compared with
strength loss, with power declining at a rate of 3—4% or
greater per year compared with a 1-2% decline in
strength per year (65). Because of the differences in the
rate of change of strength and power, loss of muscle mass
alone cannot be the sole contributor to the comparatively
greater loss of muscle power with aging. Muscle power
involves both a force and velocity component, thus age-
related changes in either the ability of the muscle to pro-
duce force or contract at high speed will affect muscle
power. With respect to force production, the preferential
loss (50) and atrophy (51) of type II muscle fibers with
age is an important contributor to loss of muscle power
because type II muscle fibers are capable of producing 4
times the power of a type I muscle fiber (20). In addition,
there is a decrease in the specific tension (force per cross-
sectional area) of single muscle fibers (both type I and
type II) with aging (25). Reductions in the intrinsic force-
producing capability of muscle tissue with age will com-
pound the decreases in force reductions attributable to
muscle atrophy and loss of muscle mass.

Changes in the velocity characteristics of the muscle
also contribute to the decrease in muscle power with ag-
ing. A slowing of muscle contractile properties can slow
the rate of force development. For example, the speed at
which actin slides along myosin in older adult muscle is
reduced up to 25%, which slows contractile velocity (36,
47). There is also evidence of impaired sarcoplasmic re-
ticulum function and excitation-contraction coupling in
humans (45, 46) that could impair the speed of muscle
contraction and relaxation (77). Decreases in cortical
drive from supraspinal centers and reduced a-motoneu-
ron excitability (from both cerebellum and spinal neu-
rons) can affect motor unit recruitment and firing rate,
thus compromising the ability to activate the muscle (5).
Changes in the coordination of groups of muscles, such as
increases in coactivation of agonist and antagonist mus-
cles, have been reported in older men (44) and women
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(52). Such increases in coactivation coupled with de-
creased neural drive to the agonist and decreased coor-
dination among synergist and agonist muscles can reduce
net joint torque and slow the rapid development of force
(5). A slowing of nerve conduction velocity has also been
reported in older adults (64, 78), which could delay peak
force development and affect muscle power.

The Traditional Approach to Resistance Training in
Older Adults

Only 25 years ago, the first RT studies in older adults to
attenuate the loss of muscle mass and strength began to
appear in the literature (4, 58). Before these studies, it
was thought that older men and women were likely be-
yond the physiological capacity to demonstrate significant
adaptations to RT and that RT might even increase the
incidence of injury. However, over the last quarter cen-
tury, RT has shown many positive results in older adults
and is routinely recommended as a part of a healthy ex-
ercise regimen. The traditional approach to RT typically
emphasizes a relatively high intensity (>65% of the
1-repetition maximum [1RM]) and a slow rate of speed
(2—4 seconds for the concentric portion of the contraction)
to improve muscle strength. Studies with traditional RT
have typically been conducted over a period of 8-16
weeks, with 8-10 repetitions of the RT exercises per-
formed 2-3 times per week. A brief examination of sev-
eral RT studies completed over the past 15 years clearly
demonstrates that traditional RT in older adults of any
age (from 50 to 96 years of age), for any duration of ex-
ercise (8—-84 weeks), using any muscle group in the body
(knee extensors, knee flexors, elbow flexors, whole body,
lower body) result in significant increases in muscle
strength (5-200%) (13, 22, 23, 26, 35, 37, 42, 49, 54, 59,
63, 66, 73, 75) and hypertrophy of type I (13-59%) (35,
49, 66, 73), type II (17-66%) (13, 49, 66), type Ila (34%)
(35), type IIb (52%) (35), and whole muscle by computed
tomography (8.5-11%) (22) or magnetic resonance imag-
ing (10%) (42).

Undoubtedly, RT with a strengthening component re-
sults in improvement in muscle performance character-
istics; however, despite the widespread recommendation
of traditional RT for adults (2), the effectiveness of this
traditional strength training on functional improvement
in older men and women is uncertain (43, 48). Keysor and
Jette (43) reviewed 31 progressive RT studies published
between 1985 and 2000 and reported that most studies
examining the effects of traditional RT on strength out-
comes (88%) found a large and positive effect. However,
only a little more than half of the studies examining the
effects of RT on functional measures (61%) showed im-
provement in these outcomes, and the effects were small
to moderate. A meta-analysis by Latham et al. (48) with
a large sample size (n = 3,674) reported that traditional
RT also had large and positive effects on muscle strength
but only led to small improvements in certain functional
tasks, such as walking. Both studies suggested that tra-
ditional slow-velocity RT had very little effect on physical
disability.

Why Should Resistance Training Improve Function?
Understanding the Strength-Function Relationship. It
would seem intuitive that muscle strength is an impor-
tant component of functional task performance, and
cross-sectional research has demonstrated significant as-
sociations of muscle strength with function in older adults
(7, 15). The importance of possessing adequate muscle
strength to perform daily functional tasks (e.g., rising
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FIGURE 1. Schematic representation of how loss of strength

with aging affects functional ability. Patterned area represents
the percentage of maximal voluntary contraction required to
perform a functional task in young (30 years old) and older (75
years old) adults. In older adults, performing a typical func-
tional task could require a maximal effort. Data modified from
Young (79).

from a chair, climbing stairs, etc.) for older adults was
superbly described in a model by Young (79) (see Figure
1). This model described how performing a functional task
such as rising from a chair could constitute a much lower
percentage of maximal strength in a younger person com-
pared with an older adult, who could have lost upward of
30-40% of their strength over their lifetime. Thus, the
same task in an older adult might require a maximal ef-
fort. In fact, Alexander et al. (1) reported that older adults
required up to 87% of their knee strength to rise from a
chair, whereas younger adults required only up to 49% to
perform the same task. Operating at near maximal
strength throughout the course of a typical day could se-
verely compromise the reserve capacity that an older
adult has to successfully perform functional tasks without
significant fatigue. Thus, older adults possessing greater
absolute muscle strength will likely have the capacity to
successfully perform the majority of their daily functional
tasks because of greater reserve capacity. However, this
model cannot account for why increases in strength with
RT in older adult populations do not lead to comparable
increases in functional performance. To understand this
seeming incongruity, it is important to appreciate 2 con-
cepts: the functional threshold and positive transfer of
strength to task performance.

The functional threshold states that a threshold level
of strength is required to perform a functional task, above
which there will be little or no improvement in function
with increases in strength (11). The relationship between
strength and function is not thought to be linear, but cur-
vilinear (see Figure 2), suggesting that individuals pos-
sessing low strength and poor functional ability would
benefit most from RT with a strengthening component.
Individuals possessing higher levels of strength closer to
the threshold strength levels required for performing a
particular task (demonstrated by the flat part of the
curve, Figure 2) would show little or no improvement in
function despite even large increases in strength. Simply
put, studies employing highly motivated or very healthy
elderly might not observe significant changes in function
after RT purely because there is little room for improve-
ment in functioning in these healthy individuals.

It can also be argued that RT with a strengthening
component would transfer positively to task performance
if muscle activation patterns obtained through training
were similar to those required in the particular functional
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FIGURE 2. Schematic representation of the functional thresh-
old concept, describing the curvilinear relationship between
muscle strength and functional task performance. As strength
increases, functional performance improves to a point (the
functional threshold), above which changes in strength result
in very little change in function. Following a resistance train-
ing regimen, the functional improvement in a person with
moderate to high strength at baseline (a) will be modest com-
pared with a person with low strength at baseline (b), despite
identical increases in muscle strength (x). Data modified from
Buchner et al. (11).

task (5). However, motor tasks performed under typical
daily conditions do not usually involve slow velocity,
near—maximal effort movements (characteristic of tradi-
tional RT). More often, they require movements at higher
speeds and variable external resistances. For example, al-
though getting up from a chair and climbing stairs might
involve certain basic levels of muscle strength, mobility
and balance tasks involved with community ambulation
(crossing a busy intersection, negotiating crowded streets
or walking in a busy mall) might rely more on higher
speed movements. When combinations of physical tasks
are incorporated into the spectrum of movement strate-
gies employed by older adults, an atypical pattern of mus-
cle activation (such as traditional RT) might not neces-
sarily demonstrate positive transfer to the functional
tasks most frequently encountered during daily activities.

Muscle Power and Function in Older Adults

Muscle power and rate of force development has been
evaluated in older adults with the use of a number of
different methodologies. These include loaded and un-
loaded vertical jump performance with or without a force
platform (10, 12, 16, 27, 40, 60), isometric and dynamic
half-squat (39, 60), loaded bench press (39), rapid iso-
metric and dynamic leg press (28, 29, 31, 33), leg press
with the modified leg power rig (6), ankle flexion on an
isokinetic machine (74), and leg press and knee extension
with computer-interfaced pneumatic RT equipment (7,
15, 41, 71, 74). Bassey and colleagues (6) were some of
the first researchers to explore the contribution of muscle
power to functional performance in early studies with the
leg rig. They showed that leg extensor power in frail older
men and women was significantly predictive of stair
climb and chair rise functional performance. More re-
cently, studies with pneumatic and isokinetic devices
have shown that peak muscle power of the leg extensors
(7) and ankle plantar flexors (74) are stronger predictors
of functional performance than muscle strength. Because
peak muscle power declines sooner and more rapidly than
muscle strength (55) and is a more important predictor
of functional performance than strength (7, 74), peak



muscle power could be a more critical variable on which
to focus RT programs in older men and women.

The Potential of High-Velocity Power Training. On the
basis of findings from cross-sectional studies reporting
the contribution of peak muscle power to functional per-
formance and disability, peak power of the lower extrem-
ities could be important to emphasize when training older
adults. However, training for muscle power at even great-
er velocity could be more critical because losses in muscle
power with aging appear to be due to greater declines in
velocity compared with force (10, 16). Studies are now
beginning to focus on the velocity component of muscle
power and whether the ability to produce higher speed
movements is related to measures of function and dis-
ability. Recent studies have shown that muscle power at
low external resistance (40% of maximal force, when force
is low and contraction velocity is very high) explained
more of the variability in functional performance than
maximal strength (when force is high and contraction ve-
locity is low) (15). Furthermore, the velocity component
of muscle power alone (at low external resistances) has
been shown to be a stronger independent predictor of
functional performance than maximal strength in older
adults (71). In other words, simply how quickly we are
able to move the muscles might be more important to
functional ability than how strong the muscles are. Im-
provements in muscle power in single muscle fibers of
older men after resistance training were primarily due to
the ability to improve contractile velocity (76), suggesting
that velocity-based RT protocols could be important to the
maintenance and development of muscle power in this
population.

How peak muscle power or high-velocity muscle power
is important to functioning in older men and women
might not be readily apparent, especially when you con-
sider the types of activities in which most older adults
participate. When one considers the types of activities
that require muscle power, high-intensity athletic en-
deavors such as ice hockey, football, basketball, or track
and field events that require significant force production
and maximal speed movements probably come to mind.
However, for an older adult, crossing a busy intersection
is a power- and velocity-requiring activity. To cross a busy
intersection within an allotted time period requires not
only force to be produced, but to be produced rapidly. An
older adult might be able to produce force in the lower
extremities without difficulty, but if the person cannot
generate that force quickly, they might not make it across
the intersection. In addition, sufficient power is required
in the lower limb to move quickly and stabilize the body
to prevent a fall if there is a loss of balance. The impor-
tance of movement speed and rapid force-producing ca-
pability has generally been overlooked when prescribing
resistance training exercise for older men and women or
those with chronic diseases like knee osteoarthritis. In
addition, emphasizing muscle power and contraction ve-
locity over simple muscle strengthening in RT protocols
could provide evidence that improvements in function are
not purely a byproduct of increased muscle strength but
might be more closely associated with speeds of move-
ment typically encountered during daily activities. More-
over, the importance of maintaining muscle power and
movement speed is emphasized by a recent longitudinal
study that showed a decrease in high-speed movement
(tapping) time significantly increased the risk of mortal-
ity in older men (56).

Resistance Training Studies Emphasizing Muscle Pow-
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er in the Elderly. A convincing body of literature concern-
ing younger adults demonstrates that muscle power and
rapid force development can be improved with explosive,
high-velocity RT vs. heavy-resistance training (30, 62).
Only recently, however, have investigators developed RT
interventions emphasizing high-velocity movements in
older adults. Investigators from Finland (and collabora-
tors in the U.S.A.) were some of the first to identify the
importance of muscle power in this population and de-
velop RT regimens to improve muscle power, an attribute
not easily trainable in older adults with traditional regi-
mens. In these studies, heavy-resistance training regi-
mens incorporating explosive movements resulted in sig-
nificant increases in strength (27, 29, 31, 32, 33, 39, 60);
rate of force development and muscle power (29, 31, 32,
33, 39, 60); mean muscle fiber area of type I and II (Ila
and IIb) and cross-sectional area of whole muscle (27, 29,
31, 32, 39); increased neural activation (and improved
neuromuscular function) assessed via electromyography
(EMG) (27, 29, 31, 32, 33); and acute increases in serum
concentration of anabolic hormones such as GH (33). Sev-
eral key finds from these studies were that (a) novel
mixed-methods RT regimens (61) increased performance
of power-related activities similarly between older and
younger men (60) and (b) neural adaptations (rapid motor
unit activation and firing rate) and not muscle hypertro-
phy were the likely mechanism by which strength and
power improvements occurred in older adults (29, 31). Al-
though these studies did not directly compare explosive
versus heavy-resistance training, they established the
critical importance of incorporating mixed-methods RT
for older adults.

Other studies have sought to compare the effects of
power training and traditional RT with a strengthening
component. Fielding et al. (24) examined high-velocity
power training at a relatively high percentage of the 1IRM
(70%) and compared this to slow-velocity RT at 70% 1RM.
It was reported that leg press peak muscle power in older
women was improved (97%) after 16 weeks of RT at high-
er velocities compared with slow-velocity RT (45%). How-
ever, data from the same laboratory examining the effect
of power training on functional performance and disabil-
ity in the same cohort found no advantage compared with
traditional slow-velocity RT (70). It could be that these
older women were somewhat highly functioning and per-
haps possessed baseline strength and power above their
functional threshold. Data from a larger study of older
men and women using the same power training protocol
are currently being analyzed in Dr. Fielding’s laboratory
to explore how improvements in peak muscle power affect
measures of function and disability.

Further studies have examined whether training for
increased velocity at lower, perhaps safer, loads can im-
prove key outcomes such as muscle power and measures
of function in older adults (17, 19, 57). Earles et al. (19)
explored high-velocity training at very low external resis-
tances and found that peak muscle power and several
functional tasks were improved compared with a walking
intervention. However, the magnitude of the effect of
power training alone on function is ambiguous in this
study because there was repeated practice of the func-
tional outcome measures during the training period.
Miszko et al. (57) reported that velocity-based training at
40% of the 1RM improved measures of whole body func-
tioning compared with traditional strength training.
However, the velocity training protocol in this study was
preceded by 8 weeks of slow-velocity training at high ex-
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ternal resistances, similar to traditional RT programs.
Moreover, no measures of muscle power were obtained to
determine the effect of velocity training on muscle power
output or whether contraction velocity increased. de Vos
and colleagues (17) recently showed that velocity training
at 20, 50, and 80% 1RM for 8-12 weeks resulted in sim-
ilar improvements in peak muscle power output (14—
15%). However, the effects of these different training reg-
imens on functional outcomes or muscle power across a
range of external resistances (commonly encountered
during typical daily activities) were not reported in the
study. We believe that additional research focusing on
muscle power and velocity-based RT interventions in old-
er adults are warranted to determine the most critical
contributors to muscle performance and functional im-
provement in older men and women.

METHODS
Experimental Approach to the Problem

The goal of this pilot investigation was to compare 2 dif-
ferent RT regimens in older men and women. Investiga-
tors at MU are currently comparing 12 weeks of high-
velocity RT (at 40% 1RM) versus slow-velocity traditional
RT (at 80% 1RM) and examining the effects of this train-
ing on muscle performance characteristics (muscle
strength and peak power, as well as peak power, peak
power force, and peak power velocity across a range of
external resistances), functional performance measures,
self-reported function, and physical disability. All muscle
performance characteristics and function and disability
measures were obtained at baseline and at 12 weeks in
the HPL at MU. We are also exploring how subjects per-
ceive these 2 types of exercise and whether lower per-
ceived levels of exertion might improve adherence to ex-
ercise when the laboratory-based intervention is conclud-
ed. Although the following data are preliminary in na-
ture, we will discuss some of the trends we have observed
thus far in 12 subjects who have completed the protocol.
Only muscle performance characteristics (peak power,
peak power force, peak power velocity) and perceived ex-
ertion are presented in this report.

Subjects

Currently, 12 older adults (3 men, 9 women; age = 74.6
* 1.9 years; height = 166 *= 1.8 cm; weight = 171 = 5.6
Ibs) have been enrolled and randomized to 1 of 3 groups:
velocity-based RT at 40% 1RM (VEL, n = 5), slow-velocity
RT at 80% 1RM (STR, n = 4), or control (CON, n = 3).
All subjects were apparently healthy and community-
dwelling but possessed some limitations in either function
or mobility. Exclusion criteria consisted of history of heart
disease, osteoarthritis, severe visual impairment, pres-
ence of neurological disease, pulmonary disease requiring
the use of oxygen, uncontrolled hypertension, hip fracture
or knee or hip replacement in the past 6 months, and
participation in structured exercise. This research project
was approved by the MU Institutional Review Board and
written informed consent was obtained from all partici-
pants.

Procedures

Maximal Strength and Power Determination. Leg press
(LP) and knee extension (KE) 1RM were obtained with
Keiser a420 pneumatic (air resistance) equipment (Fres-
no, CA). The 1RM was obtained by progressively increas-
ing resistance until the subject was no longer able to push

out 1 repetition successfully. Ratings of perceived exer-
tion (RPE) according to the Borg scale (9) was also as-
sessed during 1RM testing to assist in evaluating when
the 1RM (combined with perceived maximal effort) was
successfully reached. All measures were performed twice
during the baseline period and once at the end of the 12-
week period. Peak muscle power was obtained at 40, 50,
60, 70, 80, and 90% of the 1RM. Subjects were instructed
to exert “as fast as possible” at each of these relative per-
centages of the 1IRM. Three attempts were made at each
resistance and the best peak power (PP) measure at each
resistance was used in the analysis. From these power
curves, the force exerted at peak power (PPF) and the
velocity achieved at peak power (PPV) were obtained. The
1RM measures and power measures were obtained and
adjusted every 2 weeks to ensure adequate overload dur-
ing the training period. The theory behind pneumatic re-
sistance training is described briefly as follows: during
each concentric muscle action in which the movement
arm is moved through its range of motion, a piston is
driven into a cylinder, where it encounters the mechani-
cal resistance of the air pressure in the system. The com-
puter-interfaced a420 equipment is designed to capture
measures of work, velocity, power, and acceleration dur-
ing the concentric portion of each contraction by sampling
the system pressure 400 times per second and making
calculations with the use of an appropriate algorithm.

Training Protocol. Subjects in VEL and STR were
trained 3 times a week for 12 weeks on the Keiser a420
pneumatic LP and KE equipment. The VEL group per-
formed 3 sets of 12—14 repetitions as fast as possible dur-
ing the concentric phase, paused for 1 second, then per-
formed the eccentric phase of the contraction over 2 sec-
onds. The STR group performed 3 sets of 8-10 slow-ve-
locity repetitions over 2 seconds during the concentric
phase, paused for 1 second, then performed the eccentric
phase of the contraction over 2 seconds. We chose the
number of repetitions for each group on the basis of what
we believed were realistic and practical training regimens
given the percentage of 1RM training, as well as recom-
mendations by the American College of Sports Medicine
(2). Although work output was likely lower in VEL (data
not yet analyzed), studies have shown that improvements
in physical functioning have occurred with less total work
performed (57), so matching total work was not the pri-
mary concern. The CON group performed no RT during
the 12 weeks but participated 3 times a week in the same
warm-up and stretching exercises that VEL and STR
were provided before each training session. During all
training sessions, RPE was obtained after each set of ex-
ercises. Three values were obtained each training session
(for both LP and KE), and the average of the RPE scores
over the 36 sessions in the 12-week training program
were used in the analysis.

Statistical Analyses

Descriptive statistics were run on all variables. Reliabil-
ity and consistency of baseline muscle strength and power
tests were evaluated with intraclass correlations (R) and
analysis of variance (ANOVA), respectively. Statistical
significance for ANOVA models was accepted at p = 0.05.
Data are reported as mean = SEM, or percent change
from baseline.

RESULTS

For brevity, only data from the KE exercise is presented.
Reliability for muscle performance tests was R = 0.98
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FIGURE 3. Knee extension peak power at external resistances
ranging from 40 to 90% of the 1-repetition maximum (1RM) af-
ter 12 weeks of resistance training for (a) velocity training
(VEL) and (b) strength training (STR). All data represent
mean * SEM.

(ANOVA; F = 3.5, p = 0.07) for KE strength, R = 0.99
(ANOVA; F = 1.03, p = 0.33) for KE PP, R = 0.97 (AN-
OVA; F = 0.80, p = 0.39) for KE PPF, and R = 0.91
(ANOVA; F = 0.37, p = 0.56) for KE PPV, suggesting that
our measures were consistent and reliable. Because our
CON group demonstrated no observable changes in any
outcome measures, as expected, the following data are
presented for the VEL and STR groups only.

Baseline KE strength was 731 = 84 N for VEL and
686 = 64 N for STR. The VEL group showed a modest
improvement in 1RM strength from the baseline value
(14%) compared with STR (21%). Figure 3a,b shows that
velocity training improved PP from the baseline value
(19—28%) across a range of external resistances (from 40
to 90% 1RM), as it did with STR (9-22%). The force ex-
erted at peak power improved 11-14% from the baseline
value across a range of external resistances in VEL (Fig-
ure 4a) and improved 16-24% in STR (Figure 4b). The
velocity achieved at peak power improved 3—18% from the
baseline value across a range of external resistances in
VEL (Figure 5a) but showed very little change (-1 to 1%)
in STR (Figure 5b). The VEL group demonstrated an ag-
gregate RPE score of 12.6 over the 36 training visits; STR,
however, reported an aggregate RPE score of 15.4 over
the 36 training visits.

DISCUSSION

We believe it is important to identify the individual char-
acteristics of both velocity and force and their effect on
muscle performance and function in the research setting.
While acknowledging the preliminary nature of our ini-
tial findings, the following data suggest that velocity-
based training could have important implications for old-
er men and women. Differences in strength improvement

A: VEL

B: STR
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FIGURE 4. Knee extension peak power force at external resis-
tances ranging from 40 to 90% of the 1-repetition maximum
(1RM) after 12 weeks of resistance training for (a) velocity
training (VEL) and (b) strength training (STR). All data repre-
sent mean = SEM.

FIGURE 5. Knee extension peak power velocity at external re-
sistances ranging from 40 to 90% of the 1-repetition maximum
(1RM) after 12 weeks of resistance training for (a) velocity
training (VEL) and (b) strength training (STR). All data repre-
sent mean = SEM.

after training (VEL 14%; STR 21%) were expected given
the different relative training stimuli. It was interesting
to note that increases in peak muscle power with velocity
training appeared to be better maintained at high exter-
nal resistances (80-90%) compared with traditional
strength training. In addition, the manner in which each
group improved peak muscle power differed on the basis
of their training regimen. The STR group appeared to im-
prove PP predominantly through an increase in PPF (see
Figure 4b), but not with increases in PPV (see Figure 5b).
The VEL group appeared to improve PP through a mod-
est increase in both PPF (see Figure 4a) and PPV (see
Figure 5a). Because power is related to both force and
velocity, these data suggest that training for velocity,
even at low external resistances, could be a key to im-
proving muscle power.

It will be of considerable interest in our study to de-
termine whether speed of movement and the muscle ac-
tivation patterns developed during velocity training will
transfer to functional activities. A cursory examination of
functional changes with high-velocity and traditional
strength training has so far revealed small trends in im-
provement in several of our functional tasks (data not
shown), but there have been no observable differences be-
tween the different training regimens. The same trends
in improvement have been observed with measures of
physical disability. Although velocity training has not yet
shown clear improvements in measures of function and
disability compared with traditional strength training,
training at lower external resistances (and higher speeds)
resulted in less perceived exertion during KE exercises
(see Figure 6). The aggregate score of 12.6 with velocity
training corresponded to a perceived exertion between
“light” and “somewhat hard,” whereas the RPE score of
15.4 with traditional strength training corresponded to
perceived exertion between “hard” and “very hard.”

Although research on adherence to RT exercise is lim-
ited, studies suggest that low- to moderate-intensity en-
durance exercise improves adherence compared with
high-intensity exercise (14, 34). These findings could be
of particular importance because only 10% of the older
adult population currently participates in resistance ex-
ercise (72), perhaps because of the vigorous nature of
most RT protocols. Although it is not known yet whether
velocity training alone has a more beneficial effect on
muscle power and measures of function or disability com-
pared with traditional RT, even if there is no difference
in these outcomes but the exercise is perceived as more
tolerable, adherence to RT exercise in our older adult pop-
ulations could be improved. To test this theory, our re-
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Rating of Perceived Exertion Scale
(RPE)

6 No Exertion At All
7  Extremely Light

8

9 Very Light

10

11 Light

12

13 Somewhat Hard

14

e 15 Hard (heavy)

16

17 Very Hard

18

19 Extremely Hard

20 Maximal Exertion

VEL training: RPE=12.6 ———T—>

STR training: RPE=15.4

FIGURE 6. Ratings of perceived exertion (RPE) during 12
weeks of resistance training in velocity training group (VEL)
and strength training group (STR). Data represent the average
RPE of all 36 training sessions.

search group will be evaluating adherence and compli-
ance to self-directed exercise behavior for 3 months of fol-
low-up in this cohort.

Power training with the use of exercise machines such
as those used in this study does present some limitations,
however. Because exercise machines incorporate a fixed
movement pathway, there is little activation of synergist
muscles that contribute to strategies involved in function-
al performance. Although we have not observed any det-
rimental effects of machine training on functional perfor-
mance, a study by Bellew et al. (8) reported that machine
training in older men might have worsened balance eval-
uated by postural sway.

PRACTICAL APPLICATIONS

The need today is to identify exercise interventions that
improve performance of functional tasks and reduce phys-
ical disability in our older adults to help improve their
quality of life and maintain their independence. For the
health professionals and trainers working with older
adults, the incorporation of higher speed power training
sessions within an exercise program are recommended. It
is important to clarify that an optimal training method to
integrate the various aspects of the neuromuscular sys-
tem likely involves periodization of both high-velocity and
heavy-resistance training because no 1 element of muscle
power can truly be targeted in isolation. This periodized
approach would also improve the quality of training by
permitting adequate rest periods from more strenuous ex-
ercise sessions. Unless investigators definitively deter-
mine a distinct advantage to velocity training compared
with traditional RT (e.g., significant improvements in
measures of function and disability or improved adher-
ence to exercise), complementing traditional RT with ve-
locity training might be the most prudent application of
this novel training regimen.
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