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Comparative Effects of Light or Heavy Resistance Power
Training for Improving Lower Extremity Power and
Physical Performance in Mobility-Limited Older Adults
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Background. We compared the effects of two uniquely different lower extremity power training interventions on
changes in muscle power, physical performance, neuromuscular activation, and muscle cross sectional area in mobility-
limited older adults.

Methods. Fifty-two subjects (78 +5 years, short physical performance battery score: 8.1+1) were randomized to
either 16 weeks of progressive high velocity resistance training performed at low external resistance (40% of the 1-repeti-
tion maximum [1-RM] [LO]) or high external resistance (70% of 1RM [HI]). Both groups completed three sets of leg and
knee extension exercises at maximum voluntary velocity, two times per week. Neuromuscular activation was assessed
using surface electromyography and muscle cross sectional area (CSA) was measured using computed tomography.

Results. At 16 weeks, LO and HI exhibited significant and similar within-group increases of leg extensor peak power
(~34% vs ~42%), strength (~13% vs ~19%), and SPPB score (1.4+0.3 vs 1.8+0.3 units), respectively (all P < .03).
Improvements in neuromuscular activation occurred in LO (P = .03) while small gains in mid-thigh muscle CSA were
detected in LO (1.6%, P = .35) and HI (2.1%, P = .17). No significant between-group differences were evident for any
measured parameters (all P > .25).

Conclusions. High velocity resistance training with low external resistance yields similar improvements in muscle
power and physical performance compared to training with high external resistance in mobility-limited elders. These
findings may have important implications for optimizing exercise interventions for older adults with mobility limitations.
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IMITATIONS in mobility, typically defined as diffi-

culty in performing ambulatory tasks such as walking,
rising from a chair, or climbing a flight of stairs, are esti-
mated to affect approximately 30% of adults aged 70 years
or older (1). Mobility-limited older adults also have higher
rates of falls, chronic disease, institutionalization, and
mortality (2). As the population of older adults continues
to rapidly increase, corresponding increases in the preva-
lence and incidence of mobility limitations are inevitable
unless interventions for preserving mobility are identified
and optimized.

372

Resistance exercise training interventions have the poten-
tial to counteract the age-related decline of mobility among
older adults (3). In recent years, recognition of the impor-
tance of improving the muscle-power generating capacity
of skeletal muscle has given rise to studies in which more
powerful, high-velocity movements are employed during
progressive resistance training interventions in older par-
ticipants (3,4). Muscle power (force x velocity of muscle
contraction) declines earlier and more rapidly with advanc-
ing age compared to muscle strength (maximum force
capacity of muscle) (5,6). Furthermore, power is more
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influential than strength in determining performance on
mobility related tasks among older adults (3). High veloc-
ity resistance training has emerged as a safe, feasible, and
efficacious intervention for increasing lower extremity
muscle power in older persons (3,4,7-11). This explosive
form of resistance training is characterized by participants
performing the concentric phase of each repetition as fast as
possible. However, additional studies are needed to better
understand and refine power training interventions, particu-
larly for improving muscle power and physical performance
outcomes among mobility-limited older adults.

The purpose of this study was to compare the effects of
two distinct high velocity power training interventions per-
formed at low external resistance (40% of the 1RM [LO]) or
high external resistance (70% of the 1RM [HI]) for improv-
ing lower extremity muscle power and mobility in older
adults with mobility-limitations. We chose to directly com-
pare these two training intensities because, LO facilitates
greater speeds of muscle action with lower force output
throughout training, specifically emphasizing the velocity
component of muscle power generation. Conversely, HI
yields higher force outputs at lower velocities throughout
training, thus emphasizing the force component of mus-
cle power generation. The second aim of this investigation
was to examine the influence of neuromuscular function
and muscle mass as potential mechanisms contributing to
changes in muscle power and mobility after LO and HI.

METHODS

Study Design

This study was a single blind, randomized, 16-week exer-
cise intervention trial comparing the effects of LO and HI
on lower extremity muscle power, mobility, neuromuscu-
lar activity and muscle cross sectional area (CSA) in older
adults with mobility limitations.

Study Population

Subjects were recruited from the Greater Boston area
through advertisements and community newsletters.
Participants were initially prescreened by telephone and
considered eligible if they were: aged 70-85 years, com-
munity-dwelling, not performing any regular endurance or
resistance training exercise, and reported difficulty in any of
the following mobility-related tasks: walking one quarter of
amile or more; rising from a chair; climbing a flight of stairs;
or lifting and carrying an object weighing 10 Ibs. Eligible
subjects were invited to the research center for a screening
visit. Individuals completed a medical history questionnaire
and performed the short physical performance battery test
(SPPB) for objective assessment of functional performance
(2). Participants with an SPPB score of < 9 underwent a
physical examination, completed a resting electrocardio-
gram, standard blood chemistries, and urinalysis. Subjects

were excluded if they had a BMI < 19kg/m? or > 32kg/
m?, acute or terminal illness, cognitive impairment (Mini-
Mental State Examination score < 23) (12), myocardial
infarction or upper/lower extremity fracture in the previous
six months, symptomatic coronary artery disease, congestive
heart failure, uncontrolled hypertension (>150/90 mm Hg),
neuromuscular disease, or hormone replacement therapy.
Subjects who met the study entry criteria and were given
medical clearance by the study physician were deemed eli-
gible. Signed informed consent was obtained from all study
subjects. This study was approved by the Tufts University
Health Sciences Institutional Review Board.

High Velocity Power Training Interventions

Blood pressure and heart rate were recorded before
each training session, followed by five minutes of station-
ary cycling. All subjects trained two times per week for 16
weeks. Subjects randomized to LO performed three sets of
10 repetitions at 40% of their IRM for the seated bilateral
leg press (LP) and seated unilateral knee extension (KE) exer-
cises using Keiser pneumatic resistance training equipment
(Keiser Sport Health Equipment Inc., Fresno, CA). Subjects
assigned to HI performed three sets of 10 repetitions at 70%
of their IRM for LP and KE. Both intervention groups were
instructed to complete the concentric phase as fast as possible,
maintain full extension for 1 second, and complete the eccen-
tric phase over 2 seconds. Participant’s self-perceived level of
exertion was assessed after each completed set of LP and KE
using the Borg scale (13). The resistance for each participant
was adjusted every three weeks by repeating the 1RM meas-
ures. To compare the relative training intensities of LO and
HI throughout each intervention, data were analyzed from the
training session following each tri-weekly 1RM reassessment.

Testing Procedures

Testing of all outcome measures were conducted by ablinded
assessor prior to randomization and repeated at week 16. An
additional interim assessment of muscle strength, power, and
neuromuscular activation was performed at week 4.

SPPB

The SPPB is a well-established, valid and reliable objec-
tive test of lower extremity physical performance (2).
Testing involves assessment of standing balance, usual gait
speed, and chair stand performance. Scores obtained using
the SPPB are highly predictive of subsequent disability,
institutionalization, and mortality (2).

Muscle Strength, Peak Power, and Neuromuscular
Activation

Assessment of muscle strength and peak power has been
previously described and validated (14). Briefly, strength was
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assessed by 1RM measurement of LP and individual right and
left KE, using the same pneumatic resistance training equip-
ment used throughout training. After 1RM testing, LP and
individual right and left KE peak muscle power was assessed.
Each participant was instructed to complete five repetitions
as quickly as possible through their full range of motion at
40% and 70% of 1RM; each separated by 30 seconds of rest.
Baseline 1RM and peak power measures were performed
twice with approximately seven days between evaluations.
The best of the two baseline measures was used as the baseline
value. All KE data are presented for the left leg as no differ-
ences were evident between left or right leg KE measurements.

Vastus lateralis rate of activation was assessed by surface
electromyography (EMG) using a commercially available
data acquisition system (Delsys Bagnoli-8, Delsys, Boston,
MA). Muscle activation was quantified during the LP peak
power testing performed at 70% of 1RM, as previously
described (15,16). At both time points, the EMG electrodes
were placed on the main bulk of the vastus lateralis muscle.
To account for inexact electrode placement during assess-
ments, we normalized the rate of EMG rise to the peak EMG
magnitude obtained from a sustained maximal voluntary
isometric contraction. Rate of EMG rise was calculated as
the mean derivative of the normalized EMG signal between
activation onset and movement onset. Activation onset was
attained by finding the EMG amplitude that exceeded the
resting mean plus 3 standard deviations.

Muscle Size

Computed tomography (CT) of the non-dominant thigh
was performed at the midpoint of the femur using a Siemens
Somotom Scanner (Erlangen, Germany) (15). All scans were
analyzed by a single blinded investigator using SliceOmatic
v4.2 software (Montreal, Canada). Reliability of these
measures has been previously demonstrated as excellent
(Intraclass correlation coefficients range from .95 to .99) (17).

Statistical Analysis

Data analysis was performed using SAS statistical soft-
ware (Version 9.2, SAS Institute Inc., Cary, North Carolina).
Data are presented as mean + SD or adjusted mean + SE. An
intention-to-treat analysis was utilized. Outcome variables
were assessed using repeated measures analysis of variance
and covariance models to analyze the effect of time, group
and time X group interactions. Independent samples #-tests
were used to compare the training intensity between LO
and HI. Statistical significance was accepted at P < .05.

RESULTS

Recruitment and Subject Characteristics
Participant screening and recruitment throughout the
study are presented in Figure 1. A total of 65 subjects met

acceptable SPPB score criteria of < 9, however, 10 subjects
were excluded for medical reasons. Three eligible subjects
dropped out before being randomized; one due to a previ-
ously unreported history of inguinal hernia, one because of
muscle soreness, and one was no longer interested in par-
ticipating after baseline testing. A total of 52 subjects were
randomized to LO (n = 25) or HI (n = 27). Baseline charac-
teristics are presented in Table 1.

Training Intensity

Comparison of representative LO and HI training inten-
sity during weeks 3, 9, and 15 (average of three sets) is
presented in Table 2. For both LP and KE, the external
training resistances (% 1RM’s) were maintained at the
desired levels and were significantly different between
groups throughout the study (P < .05). As intended, HI
produced greater absolute force levels (P < .05) while LO

| 472 Respondents |

!

| 208 Telephone Screens |

]
[ 114 Ineligible |

[ 53 based on medical exclusion | [ 61 based on non medical exclusion |

94 Medical Screenings

10 medical
Exclusions

29 SPPB
score not<9

39 Ineligible

55 Eligible & Underwent Baseline Testing
I

3 dropped out before randomization:
1 muscle soreness after baseline visit
1 no longer interested
1 late report of inguinal hernia

52 Randomized (19 Males, 33 Females)

N\

LO (n=25) HI (n=27)
10 Males 9 Males
15 Females 18 Females

Figure 1. Participant flow from initial respondents to randomization.

Table 1. Baseline Subject Characteristics

Variables LO HI P value
Age, years 78.3%5 77.6+4 51
Body Mass Index, kg/m? 25.7+3 27.4+3 .08
Medical diagnoses, n 33+24 3.8+2.5 43
Medications, n 3.8+3 45+3 52
SPPB 8.0+1.3 8.1x1.2 75

Values are mean + SD.
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Table 2. Comparison of Training Intensity Between LO & HI Throughout the Intervention

Training Week 3 Week 9 Week 15
Leg Extension LO HI LO HI LO HI
% 1RM 40.2+0.8 70.0+£0.2* 404+1.2 70.1+0.5% 40.0+0. 70.0+0.0%*
Force, N 401+108 654 +239* 423+222 672+264%* 405+125 660+200*
Work, J 155+70 203+91 167+84 177.3+71 174£59 21487
Power, W 218+131 226+118 222+134 217+124 251+129 261+124
Velocity, radians 0.41+0.16 0.28+0.10% 0.41£0.13 0.27+0.09* 0.47+0.13 0.32+0.09*
RPE 11.7+1.6 14.2+2.5% 11.4+1.6 13.1+2.4% 11.3+2.1 12.9+2.4%
Knee Extension LO HI LO HI LO HI
% 1RM 40.0+£0.0 70.0+0.0* 40.0+0.0 70.0+0.0% 40.0£0.0 70.0£0.0*
Force, N 27.7+8 44.5+13% 29.4+10 40.1+17* 29.8+10 44.2+13%
Work, J 32313 46.9x15% 34515 45.7+16* 36.2+15 47.9+17*
Power, W 46.9+22 56.3+29 45.7+27 54.7+29 51.9+26 60.5+31
Velocity, radians/sec 1.91+£0.43 1.39+0.37* 1.79+0.66 1.47+0.36 1.97+0.45 1.52+0.41%*
RPE 13.5+1.8 15.1+£2.1% 13.1+1.2 14.7+1.9% 13.2+2.3 14.5+1.6%

Values are mean + SD. * = significant difference between training groups (P < .05).

RPE: Rate of perceived exertion (620 Borg scale)

produced significantly greater velocities (P < .05) for both
LP and KE. Power output levels elicited during LP and
KE training for both LO or HI were similar throughout the
study (all P > .25). During LP training, total work tended
to be lower in LO (P = .06-.12), while during KE, total
work was significantly lower in LO at each representative
training session evaluated (P < .05). In LO, rate of per-
ceived exertion was significantly and consistently lower
throughout training.

Training Adherence

One LO participant withdrew from the study due to an
illness (week 7). Three HI participants withdrew from the
study. One subject reported a hamstring injury and back
pain after a training session (week 2), one subject discon-
tinued secondary to exacerbation of preexisting chronic
obstructive pulmonary disease (week 5), and one partici-
pant had a non-injurious fall outside of the laboratory after
a training visit (week 10) and was withdrawn after consul-
tation with the study investigators. No other adverse events
were reported. Overall adherence rates (number of training
sessions attended / total number of sessions), including all
withdrawals, corresponded to 88% in LO and 82% in HI.

Outcome Measures

Muscle power, contraction velocity, strength, and neu-
romuscular activation At week 4, no significant within
or between group changes were evident for any measure
of LP or KE muscle power, contraction velocity or muscle
strength (Table 3 and Supplementary Appendix Table 4).
However, by week 16, large and statistically significant
increases in LP muscle power, contraction velocity and
strength were elicited within both groups. For KE, each
intervention group was associated with significant gains

in most parameters measured. No statistically significant
between-group differences were evident.

Rate of vastus lateralis neuromuscular activation was
unchanged at week 4 within both groups (P >.77). However,
at week 16, rate of activation increased in both groups and
was significantly improved in LO (P = .03) but not in HI
(P = .65) (Figure 2). No between-group differences were
found (P > .26).

SPPB

Significant improvements in SPPB score were elicited
within both groups (Figure 3). A 1.3 unit increase (P <.001)
in SPPB occurred in LO score while HI produced a 1.8 unit
increase (P < .001). No between-group differences were
evident (P = .32).

Muscle Size

At week 16, non-significant but noticeable gains in total
mid-thigh muscle CSA occurred in LO (Adjusted A + SE, %
change: 0.76 = 1cm?, 1.6%, P = .35) and in HI (1.6 +1cm?,
2.1%, P = .17) (between-group difference: P = .78).

DiscussIoN

This is the first study to directly compare the effects of
two distinct high velocity power training interventions on
changes in muscle power, mobility, muscle mass, and neu-
romuscular activation in mobility-limited older adults. The
major finding from this investigation is that, both modes
of velocity-specific (LO) and force-specific (HI) power
training elicited significant and similar improvements in
lower extremity muscle power and mobility performance
after 16 weeks. However, these important outcomes were
accomplished in LO with consistently lower training loads,
total work, and levels of perceived exertion throughout the


http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glu156/-/DC1

376

REID ET AL.

Table 3. Leg Extensor Muscle Power, Contraction Velocity and Strength: Absolute and Relative Changes

Week 4 Week 16
Power Training Baseline Value Delta* % Change P (within P (between Delta* % Change P (within P (between
Group mean + SD mean + SE. mean = SE  group) groups) mean + SE mean + SE group) groups)
Peak Power (40%), W LO 243+113 10.3£10 6.2+6 29 54 50415 34.0+11 002 26
HI 260+ 140 1.9+9 6.2+5 .84 74.8+15 42.1+8 .001
Contraction Velocity LO 0.48+0.13 0.01£0.02  1.2+5 76 A7 0.06£0.02  17.7+6 005 55
(40%), m/s HI 0.47+0.15  -0.01£0.02  1.9=5 A7 0.08£0.02  252x7 0004
Peak Power (70%), W LO 273131 6.9+12 5.5+6 57 68 47.6%17 329£13 007 40
HI 282£153  -0.01=12 4.0x4 99 67.7x17 41612 .001
Contraction Velocity LO 035+0.1 0003002 166 87 23 0.03£0.02  146+7 .07 73
(70%), m/s HI 0.34x0.11  -0.02£0.02 -4.8x4 12 0.04£0.02  21.2£9 .02
IRM Strength, N LO 882258 4.4+35 0.7+3 90 97 116.4+38 133+4 003 Al
HI 940344 2.6+34 L1x4 94 160.5+38 192x4 0001
*Adjusted for baseline value.
e peak muscle power has been shown to improve similarly
£ ou * by ~15% after 12 weeks of high velocity power training
; 0.12 across three different resistance levels (20% 1RM, 50%
® 010 I I 1RM, or 80% IRM) (7). Reid et al. reported improvements
% 0.08 OBaseline in peak power ranging from ~23% to ~30% after 12 weeks
Q 06 = Week 16 of high velocity power training (performed at 70% 1RM)
L oo in mobility-limited older adults (10). The longer training
2 . duration of the current study may explain the greater mus-
© cle power gains observed compared to these previous stud-
o Lo HI ies. However, our findings are in notable contrast to two

Figure 2. Rate of vastus lateralis muscle activation: baseline vs week 16
(absolute means + SE). * = Significant within-group difference (P < .05).

25
*
g 2
& *
£
g, 15 {
35
~ 0
[
5% 1
©
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%)
T 05
]
0
LO HI

Figure 3. SPPB score change: baseline vs week 16 (adjusted means + SE).
* = Significant within-group difference (P < .05).

intervention compared to HI. We also demonstrated that
both LO and HI elicited notable improvements in neuro-
muscular activation and muscle mass within this population
of mobility-limited older adults.

Muscle Power

The magnitude of lower extremity muscle power
improvements in the current investigation (~26% to ~42%)
are of particular interest when compared to previous stud-
ies. In healthy older subjects without mobility-limitations,

other previous studies. In healthy, high functioning older
adults, 12 weeks of high velocity training (at resistance
equivalent to 70% of body mass) resulted in gains of leg
extensor muscle power of ~150% (11). Similarly, Fielding
et al. showed that 16 weeks of high velocity power train-
ing (at 70% 1RM) resulted in leg power gains ranging from
~33 to ~97% in older females (9). This study, conducted in
participants reporting mild levels of self-reported functional
difficulties rather than subjects with performance-based
limitations in mobility, also revealed rapid early improve-
ments in knee and leg extensor muscle power (~15% to
~53% after four weeks). In the current study, no changes in
muscle power were observed after four weeks of LO or HI.
This observation suggests that training-induced improve-
ments in muscle power among mobility-limited older adults
occur over a longer and more gradual time course compared
to more rapid improvements in healthier older individuals
and younger subjects (9,18).

Effects of LO and HI on Mobility

Both LO and HI were associated with substantial gains
in mobility performance as a 1-unit improvement in SPPB
score is considered a meaningfully large clinical effect (19).
The respective gains in SPPB in LO and HI were similar
despite the major differences in absolute force loads, total
work and perceived exertion throughout training in both
groups. Overall, the magnitude of the SPPB improvements
observed are greater than a previous study reporting a 0.7
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unit SPPB score increase following 12 weeks of power
training in healthy older adults(11). Our findings are also
comparable with other studies of alternative exercise inter-
ventions in mobility-limited older adults that emphasized
explosive power movements. Programs of weighted stair
climbing and weighted vest exercises that incorporated high
velocity movements, ranging from 12-16 weeks in dura-
tion, have improved SPPB score by 1.1-2.7 units in mobil-
ity-limited older adults (8,20).

Neuromuscular and Muscle Mass Adaptations

The improvements in muscle performance and mobility
observed after LO and HI may be attributed to both neu-
ral and muscular adaptations. Our findings suggest that the
training induced adaptations in neural drive and increased
muscle CSA are mechanistically similar, but of a lower
magnitude, to adaptations shown in younger subjects and
healthy older populations (21). Neuromuscular activation
at week 4 remained unchanged and mirrored the over-
all changes in muscle performance evident at this interim
assessment. Previous studies in younger and healthier older
adults have demonstrated early neural adaptations to resist-
ance training performed at various intensities (21-23). Our
findings indicate that despite robust training stimuli for neu-
romuscular adaptations, mobility-limited participants elicit
delayed neuromuscular responses to high velocity power
training. Similarly, the small muscle CSA changes observed
are modest compared to previous investigations. Studies
specifically designed to induce muscle hypertrophy in older
individuals using resistance training have reported muscle
CSA gains ranging from 5%-12% after 10-14 weeks of
training (23-25). Overall, it is plausible that mobility-lim-
ited older adults have an attenuated capacity for neural or
muscle regeneration in response to resistance training inter-
ventions as this population exhibit substantial deficits in
neuromuscular function, muscle mass, strength and muscle
quality compared to younger or healthy older subjects with-
out mobility limitations (15). Therefore, therapeutic inter-
ventions, such as LO or HI, that can preserve or increase
neural activation or muscle mass within mobility-limited
older adults may have important clinical significance.

Study Limitations

There are several limitations to this investigation. The
relatively small sample sizes may have limited the overall
statistical power of the study to detect significant between-
group differences for the primary muscle power and mobil-
ity outcomes. It is also currently unknown whether the
magnitude of the observed between-group difference in leg
power is clinically meaningful (~8%), as no study to date has
quantified a minimal clinically important difference in leg
extensor muscle power output among mobility-limited older
adults. Such information, which has been established for the
SPPB test (19), would be beneficial for further interpretation

of the current study findings. In addition, the measurement
variability associated with the EMG and CT measures likely
restricted our ability to detect consistent within-group differ-
ences after LO and HI. An additional interim assessment of
lower extremity power after week 4 would have also provided
greater insight into the time course of the respective muscle
power improvements after LO and HI observed in this study.

Clinical Implications

There are important clinical implications related to
our study findings. Compared to HI, participants in LO,
using lighter resistance and moving the training loads
more rapidly, attained substantial improvements in mus-
cle power and clinically important gains in mobility.
These outcomes, which were accomplished with over-
all lower total workloads and consistently lower rates
of perceived exertion, may have important implications
for exercise prescription strategies for older adults as
the use of lighter weights moved more rapidly may be a
more practical and tolerable form of high velocity power
training. This may be of particular relevance for older
adults with chronic conditions as arthritis, osteoporo-
sis, or other debilitating disorders where high intensity
exercise may be contraindicated or poorly tolerated. As
there is a distinct lack of research comparing various
exercise regimens for improving mobility in vulnerable
older adults, future studies should assess the feasibility
and efficacy of longer term (> 4 months) interventions
of high velocity power training among mobility-limited
older using a variety of external resistances and training
volumes. Additional research is also warranted to assess
the feasibility of implementing sustained interventions
of high velocity resistance training and alternative exer-
cise regimens for restoring muscle power in clinical and
community-based settings. Recent evidence demon-
strating the benefits of a long term multimodal exercise
intervention for preserving mobility in a large cohort of
mobility-limited older adults from a variety of urban and
rural settings is encouraging (26).

CONCLUSIONS

This study demonstrated that two distinct 16 week power
training interventions, performed at low or high external
resistance, elicited significant and similar improvements in
muscle power, and clinically meaningful improvements in
physical performance in mobility-limited older adults. These
improvements were primarily driven by adaptations in neuro-
muscular function and small increases in muscle mass. High
velocity resistance training, using light resistance moved
more rapidly, may be a more practical and widely applicable
form of power training for improving muscle power, counter-
acting mobility loss and ultimately addressing a major clini-
cal and physiological issue affecting older adults.
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SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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