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Background. As aperson ages, leg speed and power decrease. These changes are associated with increased falls and
reduced gait speed. It has been shown that upper leg training in younger persons results in increased strength and power
at the specific speed at which resistance training is applied, although there are only limited data concerning speed-spe-
cific training effects on lower leg activity. However, because both upper and lower leg speed and power influence gait
and balance, it is important to determine the training speeds that selectively improve these variables in older persons.

Methods. No studies have examined selective speed-specific changes in performance for the upper and lower leg
muscles in older individuals. Therefore, we compared shifts in the power-velocity relationship after high-speed (HS)
and low-speed (LS) isokinetic training of knee extensors (KE) and flexors (KF), dorsiflexors (DF), and plantar flexors
(PF) in community-dwelling women (ages 61 to 75). Subjects were randomly assigned to a HS training, LS training, or
control (C) group. Training occurred three times a week for 12 weeks. HS training occurred at 4.73 rad-s~! (knee) and
3.14 rad-s™! (ankle); LS training for both joint actions was at 1.05 rad-s™!.

Results. HS training improved KE power at intermediate (3.14 rad-s™!; p = .0007) and high (5.24 rad-s™'; p =
.0004) testing speeds. Neither the HS nor LS group showed any change in KF as a result of the training. Both LS and HS
training improved DF power at all testing speeds; however, PF power improved only with LS training and only at 1.05
rad-s~! (p = .0132) and 3.14 rad-s~! (p = .0310).

Conclusions. Our results suggest that, in older women, lower leg training should occur at lower training speeds than
upper leg training. Additionally, attention to differential speed-specific training of knee and ankle actions could improve
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power production, mobility, balance, and other functional measures in older persons.

TRENGTH and power are two distinct functional prop-
erties of intact skeletal muscle. Strength can be defined
as the maximal force a muscle can produce at a specific ve-
locity (movement speed in a specific direction) (1). Muscle
power (or work rate) is the product of the force produced
and the movement velocity (2). Reduced muscular power
and movement velocity are associated with an increased
probability of falls (3,4) and a reduction in the ability to per-
form activities of daily living (ADLs) in older individuals
(5,6). In addition, a strong relationship has been reported
between measures of leg strength and gait speed in frailer
individuals (7,8). This relationship is especially important
because low gait speed has been linked to reduced ADL in-
dependence (7,9,10), higher levels of self-reported disabil-
ity (11), and the likelihood of fall-related hip fractures
(12,13).
The need to address both velocity and strength in the de-
velopment of power has long been recognized (14). Perfor-

mance-based studies have examined the relationship among
speed, strength, and power (15) and have addressed the the-
ory that strength gains are specific to the speed at which
training is provided (16). A number of exercise studies have
shown varying degrees of speed-specific improvement in
power and strength when training is performed at different
contractile speeds in healthy young adults and athletes.
Most of these studies found that the greatest strength and
power improvements occurred at or near the velocity at
which training was provided (17-19). To date, however,
there have been no reports of speed-specific training in
older persons.

Studies examining speed-specific changes in muscle per-
formance have focused on knee extension (19). There is
only limited information on speed-specific training adapta-
tions (20,21) in the dorsiflexors (22) and knee flexors (21),
and no studies have examined speed specificity in the plan-
tar flexors. Our study was based on the hypothesis that dif-
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ferential speed-specific changes would occur during upper
and lower leg training due to differences in muscle fiber
type distribution (22,23), functional anatomy (24), maxi-
mum movement speed (25), and inherent contractile proper-
ties (26). It should also be noted that each of these factors
changes with aging (23,27-29) and training (26,30-33). We
compared the effects of high-speed versus low-speed isoki-
netic training on speed-specific changes in isokinetic power
of the knee (extension, flexion) and ankle (dorsiflexion,
plantar flexion) in healthy older women.

METHODS

Subjects

Twenty-eight healthy, independent-living women, ages
61 to 75, were recruited from the Miami-Dade metropolitan
area. Four subjects left the study for personal reasons unre-
lated to the study. No subject had performed any resistance-
training activities in the past 3 years. All subjects were fully
informed of the procedures and signed an informed consent
before beginning the study. All procedures were approved
by the University of Miami Subcommittee for the Use and
Protection of Human Subjects.

Experimental Design

Before beginning the training program, subjects were
tested isokinetically at 3.14 rad-s~! using a Biodex dyna-
mometer (Biodex Corporation, Shirley, NY). The test for
each joint was preceded by a five-repetition warm-up set us-
ing progressively more intense repetitions ranging from a
perceived exertion of 50% to a maximum effort. The pur-
pose of this warm-up set was to familiarize the subject with
the feeling of isokinetic testing and to provide a movement-
specific warm-up for the muscles to be tested. Following the
warm-up, a l-minute recovery was provided. The test set
consisted of three maximal efforts. The peak torque value
for knee extension of the right leg was used to match the
subjects. After this process was completed, matched sub-
jects were randomly assigned to one of three groups: a high-
speed (HS) training group, a low-speed (LS) training group,
or a control (C) group, using a random numbers table. Of
the four subjects who left the study, one was from the HS
group, one was from the C group, and two were from the LS
group. The characteristics of each group are presented in
Table 1. After assignment to groups and before training, the
performance of subjects’ knees and ankles was tested to es-
tablish their average power (AP) values at 1.05 rad-s™!, 3.14
rad-s~!, and 5.24 rad-s~!. After completion of the 12-week
training program, subjects were again tested to establish the
impact of the individual protocols on these variables. The

Table 1. Characteristics of Subjects
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same technician performed all tests and was blinded con-
cerning the LS, HS, or C group assignment.

Isokinetic Testing

A Biodex isokinetic dynamometer (Biodex Corporation,
Shirley, NY) was used for testing the AP of the right leg.
Settings were adjusted to provide optimal mechanical ad-
vantage for each subject, and these settings were recorded
and used for both baseline and post-training measures. Each
subject was familiarized with the testing protocol and un-
derwent three practice trials before the actual testing. Sub-
jects were given two warm-up repetitions (50% and 75%
perceived effort) and a short recovery before the testing set.
The technician gave verbal encouragement throughout the
testing session. The muscle actions (knee extension and
flexion, ankle dorsiflexion, and plantar flexion) and testing
speeds (1.05 rad-s™!, 3.14 rad-s~!, and 5.24 rad-s~!) were
randomly assigned to each subject, and the testing sequence
for that subject was held constant for the baseline and post-
training sessions.

Training

Both the HS and LS training groups trained three times a
week for 12 weeks. All training was performed on the Bio-
dex dynamometer under isokinetic conditions. The training
speeds for each functional movement and the number of
repetitions per training set for each group are shown in Ta-
ble 2. A minimum of 2 minutes rest was provided between
sets and 5 minutes between exercises. Knee extension and
flexion were performed as reciprocal movements in one set
and ankle plantar flexion and dorsiflexion as reciprocal
movements during the other. The number of repetitions nec-
essary to equilibrate total work at each speed was computed
using data collected earlier on 104 older individuals, 62 to
78 years of age (J.F. Signorile, unpublished data, 1995). The
C group performed a series of 10 active assisted stretches
using a FlexMate stretching rope (Promise Enterprises,
Jackson, MS). The stretches were designed to target all ma-
jor muscle groups including the knee extensors, knee flex-
ors, dorsiflexors, plantar flexors, shoulder adductors, shoul-
der abductors, shoulder flexors, shoulder extensors, elbow
flexors, and elbow extensors.

Statistical Analysis

All data were explored with descriptive statistics. Sepa-
rate repeated measures analysis of variance (ANOVA) for
knee extension, knee flexion, dorsiflexion, and plantar flex-
ion was performed for the AP measured at each testing
speed (1.05 rad-s™!, 3.14 rad-s~!, and 5.24 rad-s~'), with
group (i.e., C, HS, or LS) as the between-factor and time

Table 2. Training Protocols

Training Group n Age (y) Weight (kg) Height (cm) Joint Movement Group  Speed (rad-s™')  Repetitions
HS 9 68.37 + 1.42 65.19 =433 160.61 = 1.10 Knee  Extension/flexion HS 4.73 10
LS 8 68.76 = 1.62 68.38 = 3.86 163.13 = 1.47 LS 1.05 6
C 7 69.01 = 1.75 68.17 = 3.65 154.93 = 1.30 Ankle Plantar flexion/dorsiflexion HS 3.14 8
LS 1.05 6

Notes: Values are means * SE. HS = high-speed training group; LS = low-
speed training group; C = control group.

Note: HS = high speed; LS = low speed.
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(i.e., baseline vs post-training) as the within-factor. All
main effects and interaction effects were examined. If the
group X time interaction was significant, post hoc Bonfer-
roni tests of group differences across changes between base-
line and post-training were performed. Because of the ho-
mogeneity of age, gender, and race/ethnicity among the C,
HS, and LS groups, these covariates were not included in
the repeated measures ANOVA. An accepted probability
level of p = .05 was used for all statistical tests.

All analyses were performed using the SAS System for
Windows (release 8.02). The “PROC MIXED” procedure
was used for the repeated measures analysis of variance
(SAS Institute, Cary, NC).

REsuLTS

The compliance rate for the HS training group was
95.4%. The LS group attended 93.2% of their sessions. The
C group compliance rate was 95.8%.

Knee Extension

Figure 1 shows the baseline and post-training power-iso-
kinetic speed curves for each training condition (HS, LS,
and C, respectively). The repeated measures ANOVA re-
vealed significant changes across time at each testing speed.
However, the Bonferroni test indicated that no significant
improvements were made by any treatment group at 1.05
rad-s~!. At 3.14 rad-s~! and 5.24 rad-s~!, a significant treat-
ment X time interaction was detected. The Bonferroni test
revealed that only the HS group made a significant improve-
ment in AP (mean * SE) (3.14 rad-s~!, AAP = 25.96 + 5.06
W, p = .0007; 5.24 rad-s™!, AAP = 3249 = 634 W, p =
.0004).

Knee Flexion

Baseline and post-training isokinetic AP curves during
knee flexion are shown in Figure 2. Repeated measures
ANOVA on knee flexion data at 1.05 rad-s~!, 3.14 rad-s~!,
and 5.24 rad-s™! revealed no significant time X treatment
interactions. In addition, no significant improvements were
made by any treatment group across time.

Ankle Dorsiflexion

Figure 3 shows the baseline and post-training AP curves
for ankle dorsiflexion. The repeated measures ANOVA re-
vealed no significant treatment X time interactions; how-
ever, a significant time effect was detected at all testing
speeds (p = .0001). The Bonferroni test showed significant
improvements by both the LS and HS groups at 1.05 rad-s™!
(HS AAP = 2.51 = 0.55 W, p = .0036; LS AAP = 3.50 =
0.36 W, p = .0003), 3.14 rad-s~! (HS AAP = 6.31 = 1.06
W, p = .0001; LS AAP = 6.66 £ 1.01 W, p = .0001), and
5.24 rad-s™! (HS AAP = 5.65 = 0.82 W, p = .0001; LS
AAP = 7.60 £ 0.65 W, p = .0001). No significant changes
were seen in the C group at any testing speed.

Ankle Plantar Flexion

Baseline and post-training isokinetic AP during plantar
flexion for the HS, LS, and C groups, respectively, are pre-
sented in Figure 4. The repeated measures ANOVA re-
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Figure 1. Average power curves for the knee extensors. *Signifi-
cant improvement between baseline and post-training values. Sym-
bols represent mean * SE. Filled circles represent baseline values,
while open circles represent post-training values.

vealed significant time effects at both 1.05 rad-s~! and 3.14
rad-s~!. The Bonferroni test showed that the power im-
provements were exclusive to the LS group (AAP at 1.05
rads™! =9.12 £ 2.63W, p = .0132; AAP at3.14 rad-s™! =
12.47 = 3.53 W, p = .0310).

DiscussioN
The major finding of this study was that LS and HS train-
ing differentially improved upper and lower leg AP, with
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Figure 2. Average power curves for the knee flexors. Symbols rep-
resent mean * SE. Filled circles represent baseline values, while open
circles represent post-training values.

LS training favoring the lower leg and HS training favoring
the upper leg. The lack of significant strength improvements
by the C group was expected because little or no external
loading occurred during the active-assisted stretching proto-
col. Knowledge of optimal training speeds for the upper and
lower leg should improve preventive exercise prescription
for older persons.

Knee Extension
Our results, showing AP improvements (AAP) at the
higher testing speeds by the HS group, are similar to those
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Figure 3. Average power curves for the ankle dorsiflexors. *Signif-
icant improvement between baseline and post-training values. Sym-
bols represent mean * SE. Filled circles represent baseline values,
while open circles represent post-training values.

reported by Kanehisa and Miyashita (18), the only other
study to evaluate speed-specific changes in isokinetic power
as a result of isokinetic training. However, in contrast to
their results, which indicated that the low-speed training
group (1.05 rad-s~!) produced significant improvements at
all speeds tested (1.05 rad-s™!, 3.14 rad-s™!, and 5.24 rad-s™ 1),
our LS group showed no improvements at any testing speed.
One explanation for this difference may be that Kanehisa
and Miyashita (18) examined young male subjects while we
studied older women. Because strength (34), rate of torque
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Figure 4. Average power curves for the ankle plantar flexors. *Sig-
nificant improvement between baseline and post-training values.
Symbols represent mean = SE. Filled circles represent baseline val-
ues, while open circles represent post-training values.

production (35), and muscle cross-sectional area (especially
of the type II fibers) (27) are affected by age and gender,
baseline values in our group would be expected to be lower
than those produced in the group studied by Kanehisa and
Miyashita (18). Our results suggest a greater need to incor-
porate faster training speeds into resistance training pro-
grams designed to target upper leg function in older individ-
uals. Our knee extension AP findings are similar to the knee
torque changes reported by Coyle and colleagues (19), who
stated that their HS training group (5.24 rad-s~!) showed

significantly greater improvements than a placebo group at
intermediate (3.14 rad-s~!) and high (5.24 rad-s~!), but not
at low (1.05 rad-s™!), testing speeds, while their LS group
improved only at 1.05 rad-s~!. In contrast, our LS group
showed no power improvements at any test speed. The lack
of improvement by our LS group may have been the result
of the lower training speed employed during our study, the
age of the participants, or the fact that Coyle and colleagues
(19) examined torque rather than power, which has a speed
component built into its computation.

Another study measuring torque changes over 4 weeks of
isokinetic training of the knee extensors at either 1.68
rad-s~! or 4.19 rad-s~! in young men produced results simi-
lar to those seen in our HS group, with improvements at
2.51 rad-s7!, 3.35 rad-s™!, and 4.19 rad-s~! (20). However,
unlike the LS group in our study, subjects in the study by
Caiozzo and colleagues (20), who trained at 1.68 rad-s™!,
produced significant improvements at velocities of 0, 0.84,
1.68, 2.51, 3.35, and 4.19 rad-s~!. Once again, differences
in age, gender, and the dependent variable (torque vs
power) may all have been confounding factors in the com-
parison.

Moffroid and Whipple (17) also examined the effects of
HS and LS training on knee extensor torque production.
Their HS group exercised at 1.89 rad-s~!, and their LS
group trained at 0.63 rad-s~!. The LS subjects made signifi-
cantly greater increases in torque production at low testing
speeds (0.63 rad-s™!, 0.31 rad-s~!) than at the higher testing
speeds (0.95, 1.26, 1.58, 1.89 rad-s™!), while the HS group
produced significant increases at all test speeds. The results
of their HS training group are similar to our power results,
showing improvements across the entire speed spectrum.
However, they differ dramatically from those seen in our LS
group, where we recorded no significant improvements in
power. Once again, differences in gender, age, and the out-
come variable (torque vs power) are likely reasons. In addi-
tion, the lower training and testing speeds employed by
Moffroid and Whipple (17) may have produced a different
training stimulus from those used in our study.

Knee Flexion

Of the studies examining the speed-specific impact of
isokinetic resistance training on leg power and torque, only
the study by Housh and Housh (21) reported knee flexion
data. While we found no significant increases in AP by any
of the groups tested (HS, LS, or C), they reported significant
increases in peak torque at all testing speeds (1.05 rad-s™!,
2.10rad-s7!, 3.14 rad-s™ !, 4.20 rad-s!, and 5.24 rad-s~!) as
a result of training at 2.10 rad-s~!. It should be noted that
the post hoc analysis did show a trend toward speed-specific
increases in power for the HS group at both 3.14 rad-s~!
(AAP = 10.97 W; p = .1138) and 5.24 rad-s™!' (AAP =
14.62 W; p = .1677) even after the Bonferroni adjustment.
Methodological differences between these two studies such
as gender, age, and training speeds may, once again, explain
the divergent results between the two studies. Additionally,
because knee extension and flexion were trained as recipro-
cating movements during the same training set, the subjects
may have placed greater concentration on the more domi-
nant knee extensors than the knee flexors.
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Ankle Dorsiflexion

Only one other study has examined speed-specific training
of the ankle dorsiflexors. In that study, Behm and Sale (22)
trained eight men and eight women, aged 20.9 = 0.5 years, 3
days a week for 16 weeks. Their subjects trained using either
high-speed isokinetic training at 5.23 rad-s~! or isometric
training. Under both conditions, the subjects attempted to
contract the muscle as strongly and rapidly as possible. Re-
gardless of the training modality, subjects showed significant
increases in peak torque at 1.04, 1.55, 3.02, 4.19, and 5.23
rad-s™!, with the greatest improvements at 5.23 rad-s~'.
These torque results are similar to the training results seen for
dorsiflexion power in our study, where both the HS and LS
groups showed significant increases at all testing speeds.

Ankle Plantar Flexion

To the best of our knowledge, no other studies have ex-
amined the impact of varied training speeds on power-
velocity or force-velocity relationships during plantar flexion.
Our data showing significant improvement by the LS group
at 1.05 rad-s~! support the concept of speed specificity. The
transfer of strength improvement to the higher testing speed
of 3.14 rad-s~! reflects the results reported by Housh and
Housh (21) for a number of other muscle groups. The differ-
ence between these results and those for other leg actions
may have been dictated by a number of factors. Alway and
colleagues (36) have noted that the triceps surae group has a
lower rate of tension development than that of other mus-
cles with similar fiber type distributions due to the compli-
ance of the Achilles tendon. In addition, the gastrocnemius
is a biarticular muscle, and its slackened condition when the
knee is bent reduces its effectiveness as a plantar flexor
(25,37). Because our training and testing utilized a knee an-
gle of 135°, the contribution of the gastrocnemius muscle
was reduced, and greater reliance was placed on the slower-
contracting soleus muscle. Therefore, the HS group may not
have been able to produce the necessary movement speed to
develop sufficient torque to elicit a training effect.

Comparisons Among Muscle Groups

Although the knee extension and knee flexion results for
the HS and LS groups do mirror each other, the differences
between the groups were significant only during knee exten-
sion. A number of researchers have reported that the knee
flexors are more receptive to intermediate speed training
than the knee extensors (38—40). One explanation is that the
hamstrings have a higher proportion of type II fibers than the
quadriceps group and can produce higher tension (41).
Therefore, the HS stimulus that provided sufficient overload
for the quadriceps group may not have been adequate for the
hamstrings. The reduced training effect could have lessened
the differences between the HS and LS groups.

The pattern of change in the ankle dorsiflexors differs
from that at the knee or during ankle plantar flexion. The
dorsiflexor improvements at all testing speeds may indicate
that the small muscle mass and consequential greater ten-
sion per cross-sectional area of the dorsiflexors resulted in a
greater training stimulus. Also, the ankle dorsiflexors have a
far lower load-bearing requirement than the plantar flexors
in normal everyday activities. In concert, these factors

would put the dorsiflexors at a lower initial level of perfor-
mance and consequently at a steeper portion of the training
curve than the plantar flexors.

The positive impact made by our HS training protocol on
dorsiflexor performance at lower test speeds has been re-
ported in studies examining other muscle groups (19,42).
The significant improvements in dorsiflexion by the LS
group at all speeds of testing are also not without precedent.
Behm and Sale (22) noted that isometric training, employ-
ing high rates of tension development, produced strength
gains similar to isokinetic training at high speeds across
high, intermediate, and low testing speeds. A comparison of
the shapes of the HS and LS dorsiflexion test curves with
analogous curves from the knee extensors and flexors seems
to demonstrate that the dorsiflexors cannot produce the high
movement speeds seen during knee extension and flexion.
The inability of the dorsiflexors to produce movement
speeds comparable to the knee extensors and flexors may be
attributable to their inherent contractile speed, smaller mass,
or shorter functional lever system. In addition, the inability
to produce substantially higher power values at higher iso-
kinetic speeds and the continual rise in the test curve at 5.24
rad-s~! for the LS versus HS condition seem to argue for the
use of lower training speeds for this muscle group.

The unique results seen during plantar flexion, where the
only significant improvement was made by the LS group at
1.05 rad-s~!, may also be attributable to the training and test-
ing speeds selected for use during this study. Detailed analysis
of the test curves, using only the areas where the set isokinetic
speed was attained, revealed that the HS group was able to
meet the set speed only for short time periods, and the low
torque values they produced indicate that they were training
toward the top end of their speed spectrum (data not shown).
Thus, the resistance component of their training was reduced,
and the training effect was lessened. In contrast, the LS group,
due to the lower speed setting of the dynamometer, received
greater resistance and a more effective training stimulus
throughout the range of motion. This explanation is strength-
ened by the comparative shapes of the test curves for both
groups, which, unlike the sharply up-sloping curves seen for
knee extension and flexion, showed a notable plateau or de-
cline in power at 5.24 rad-s~!. These pattern differences sug-
gest that our older women could not produce the movement
speed necessary to perform the plantar flexion optimally dur-
ing training and testing. Moreover, as was the case with the
dorsiflexors, our results suggest that the HS training speed
(3.14 rad-s~!) was too high. Further studies are necessary to
ascertain the optimal training speed for this muscle group.

In summary, our results for the knee extensors confirm
the importance of HS training in shifting the power-velocity
relationship and also indicate that a transfer of the training
effect to somewhat lower (intermediate) speeds of move-
ment can be expected for the knee extensors. With respect
to power improvements in the lower leg (ankle dorsiflexors
and plantar flexors), our data suggest that low to intermedi-
ate training speeds are better than high speeds.

Significance for Independence and Fall Prevention
Skelton and colleagues (43,44) have reported that leg ex-
tensor power declines approximately 3.5% per year between
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the ages of 60 and 89, and that power is directly related to
ADL functions such as stair climbing and lifting a shopping
bag. Bassey and colleagues (6) reported significant correla-
tions between leg extensor power and daily activities such
as stair climbing, rising from a chair, and walking without a
walker. In community-dwelling older women, Foldvari and
colleagues (5) reported that, among all physiological factors
tested, leg power showed the highest correlation (r = —.47;
p < .0001) with self-reported functional status. In addition,
the association between gait speed and independence is well
established (7,9—11). Dutta and colleagues (45) noted that
many of the activities of everyday living, such as stopping
abruptly to avoid a car at a crosswalk, recovering from a
stumble, or grabbing a handrail, depend on speed, and,
therefore, speed must be adequately addressed for an exer-
cise program to have positive effects on ADL performance.

When fall prevention is considered, power and contractile
speed again present as important modifying factors. Failure
to recognize this fact may set too low a standard for pre-
scribing preventive exercises. In an examination of 34 nurs-
ing home residents classified as fallers and nonfallers,
Whipple and colleagues (3) found that the strength and
power of the knee extensors and flexors, as well as the ankle
dorsiflexors and plantar flexors, were lower in fallers than
in nonfallers. A biomechanical analysis by Grabiner and
colleagues (4) found that lower extremity muscular power
and the ability to restore control of the flexing trunk were
the two major determining factors. Greenspan and col-
leagues (46) reported that most hip fractures occur during
falls to the back and side, while Cummings and Nevitt (12)
and Smeesters and colleagues (13) independently showed
that gait speed influences the direction of falls, with higher
gait speeds dictating forward falls.

A number of studies have shown that both strength and
power can be improved in older individuals using standard
resistance training protocols (33,44,47-51). However, when
strength, power, and movement speed are considered in re-
lation to fall prevention and the preservation of indepen-
dence, there is little doubt that increasing power across the
velocity spectrum would have significant benefits in an
older population. Our finding, that the upper and lower leg
may respond differently to HS and LS training, opens the
way for joint-specific exercise prescriptions targeting speed
and power in older persons. These prescriptions should pro-
vide more effective training to improve ADL performance
and prevent falls in older individuals.
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