
Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Topics in Geriatric Rehabilitation www.topicsingeriatricrehabilitation.com 7

Falls are a common health issue among older adults. Muscle 
weakness, limited physical function, and balance impairment 
have been identified as the modifiable risk factors for falls. 
The purpose of this review is to analyze current evidence 
about the efficacy of power training in improving physical 
function, improving balance, and preventing falls in older 
adults. We also provide recommendations regarding power 
training protocols for older adults. This review suggests that 
power training is effective in reducing several risk factors for 
falls. Future interdisciplinary studies are needed to provide 
evidence about how to incorporate power training in a fall 
prevention program.
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Falls are a major health issue. Worldwide, more than 
646 000 individuals die as a result of falling each year, 
with the greatest rate of fatal falls occurring among 

adults older than 65 years.1 Approximately $50 billion is 
spent on medical costs related to fatal and nonfatal fall inju-
ries each year.2 Muscle weakness, limited physical function, 
and balance impairment have been identified as the pri-
mary intrinsic factors for falls.3,4 Consequently, strengthen-
ing and balance exercises have been shown to be effective 
in reducing these intrinsic risk factors.5,6 A study published 
by Gschwind et al4 demonstrated the potential benefits of 
a combination of balance and strengthening exercises in 
older adults who are at high risk of falls.

Recently, several clinical trials examined the effective-
ness of power training, in particular, on functional limi-
tations and balance impairment to reduce risks and inci-
dences of falls. Power training has been shown to cause 
physiological changes in muscle morphology and neuro-
muscular and neurosensory systems for older adults. Age-
related muscle weakness is caused not only by decreasing 
muscle mass but also by an increasing amount of intra-
muscular adipose tissue that interferes with the ability to  
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generate muscle force.7-9 As muscle tissues age, type II fibers 
decrease because of irreversible denervation or denerva-
tion, followed by reinnervation with type I motor neurons. 
In addition, the number of active motor units decreases. 
These neuromuscular changes limit the ability for an older 
adult to generate higher muscle forces in velocity-sensitive 
manners. This muscle power dysfunction can lead to lim-
ited physical function and impaired balance.10,11 Moreover, 
age-related changes in the afferent sensory system, such 
as decreased vision, vestibular sense, reaction time, and 
proprioception, contribute to balance disorders and risks 
of fall.12-14 To counteract these changes, power training 
(sometimes called “high-velocity resistance training”) aims 
to reeducate the remaining functional elements and stimu-
late new adaptations in the aging neuromuscular-sensory 
system. Power training attempts to achieve this through 
rapid movements with alternative concentric and eccen-
tric contractions.15 Consequently, power training has been 
used as a time-efficient and beneficial therapeutic inter-
vention to improve physical function, muscle strength, and 
balance ability.

While many power training studies have reported a 
positive training effect using physical performance mea-
sures,16-24 only a few studies have examined the specific 
effects of power training on dynamic balance perfor-
mance. Furthermore, although there may be an associa-
tion between muscle weakness and falls, there is currently 
limited evidence that power training reduces the incidence 
of falling in older adults. Finally, there are still questions 
about safety and feasibility of power training in older adults 
due to the possible adverse effects associated with power 
training, such as the early onset of fatigue and delayed 
onset muscle soreness.25 The purpose of this narrative 
review is to analyze current evidence regarding the effi-
cacy of high-velocity power training in improving physical 
function, improving balance performance, and reducing 
fall incidences in older adults. In addition, we examine the 
protocols used in previous experimental interventions to 
provide insights for designing optimal power training pro-
tocols for older adults.

MAIN ANALYSIS

Muscle power and physical function in older adults
Muscle power has been found to be a stronger independ-
ent predictor of functional performance than muscle 
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strength in older adults.26-29 More specifically, peak mus-
cle power of the leg extensors27 and ankle plantar flex-
ors29 was identified as 2 significant predictors of func-
tional performance. Furthermore, a study by Cuoco and 
colleagues28 evaluated the relationship between muscle 
power output at different contraction velocities and 3 
functional tasks in 48 men and women aged 65 to 91 
years. The muscle power output was measured under 
the following intensities: 40%, 50%, 60%, 70%, 80%, and 
90% of 1 repetition maximum (1 RM). The 3 functional 
tasks included were walking speed, stair-climbing time, 
and chair rise time. They found that lower extremity 
muscle power measured at 70% 1 RM and 40% 1 RM 
explained a greater proportion of the variability in all 3 
functional tasks than did 1 RM strength.28 Moreover, 
power measured at 40% 1 RM explained a greater pro-
portion of the variability in walking speed than did power 
measured at 70% 1 RM.

The velocity component of muscle contraction was 
found to be a critical determinant of the age-related decline 
in muscle power in older adults.30,31 These research find-
ings suggest that how quickly older adults can move might 
be more important in preserving physical function than 
how strong the muscles are. Crossing an intersection with 
sufficient speed is an activity that requires muscle power. 
An older adult may not be able to make it across the inter-
section without being able to generate lower extremity 
force quickly. Also, the ability to generate fast and sufficient 
movement to recover from a loss of balance is critical to 
prevent a fall and related injuries. As a result, one would 
expect power training emphasizing movement at higher 
velocities to be clinically important in improving physical 
function and balance performance, as well as reducing fall 
incidences in older adults.

Effects of power training on physical function  
in older adults
Several systematic reviews11,15,32-36 and randomized con-
trolled trials16-24 have examined the effect of power train-
ing interventions on physical function in older adults. 
Most of these randomized controlled trials included con-
ventional low-velocity resistance training as the control 
intervention.

Henwood et al24 compared the effect of high-velocity var-
ied resistance training with low-velocity constant resistance 
training on physical function in independent older adults. 
In this study, physical function was evaluated using a bat-
tery of 8 physical performance tests. These tests included 
(1) floor rise to standing, (2) stair climb, (3) typical, fast, 
and backward walking speed over 6 m, (4) the Five Times 
Sit to Stand test, (5) 400-m walk, and (6) the Functional 
Reach test. They found that both interventions showed 
similar improvements in all physical performance mea-
sures after a 24-week intervention. Similarly, Drey et al19 

conducted a randomized controlled trial comparing the 
effects of power training and strength training on physical 
performance for prefrail community-dwelling older adults. 
Physical performance was measured by the Short Physi-
cal Performance Battery. Although both training methods 
demonstrated significant improvements in the Short Physi-
cal Performance Battery after a 12-week training program, 
no differences were found in the improvements between 
power training and strength training. On the contrary, 
Miszko et al17 reported that power training demonstrated 
a greater improvement in physical function than strength 
training. In this study, physical function was measured using 
the Continuous Scale Physical Functional Performance test 
(CS-PFP), which consists of a battery of 16 daily tasks in 5 
domains: lower body strength, upper body strength, upper 
body flexibility, balance and coordination, and endurance. 
The strength training group performed upper and lower 
body exercises at 80% 1 RM while the power training group 
trained at 40% 1 RM with the concentric component being 
completed as fast as possible. Participants in both groups 
met 3 days per week for 16 weeks. After the training, the 
power training group demonstrated a significantly greater 
CS-PFP total score than the strength training group. Simi-
larly, Bottaro et al37 reported that power training may be 
superior to strength training for improving physical func-
tion. They found that a 10-week high-velocity resistance 
training significantly improved 30-Second Sit to Stand and 
8-Foot Up and Go performance while conventional low-
velocity resistance training did not demonstrate such an 
improvement.

Most of the power training studies utilized free-weight 
and machine exercises as the training modalities.17,22,24 
Considering that most older adults do not have access to 
weight training equipment at gyms, Bean et al20 applied 
weighted vests for power training during functional mobil-
ity tasks, such as chair stands, toe raises, pelvic raises, step-
ups, seated triceps dips, and chest press. In this training 
protocol, called InVEST (Increased Velocity Exercises 
Specific to Task), participants were asked to perform the 
concentric component of the functional tasks as quickly as 
possible while maintaining good form. The InVEST group 
demonstrated significant improvements in walking speed 
and single-leg stance time after the 12-week training. In 
contrast, the control group, that performed low-velocity 
strength training, showed no significant improvement in 
these 2 outcomes.

In addition, 3 systematic reviews, Hazell et al,36 Tschopp 
et al,35 and Reid et al,11 assessed and summarized the 
results from several primary studies that examined the 
effects of power training compared with conventional 
low-velocity resistance training in older adults. These 
reviews also support the conclusion that power training 
can be more effective than strength training in improving 
physical function.
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Effects of power training on balance in older adults
Most power training studies to date have used physical 
performance measures to demonstrate the effects of train-
ing. Balance control is an important component of physi-
cal function; however, very few studies have specifically 
examined the effects of power training on dynamic bal-
ance performance.

Balance was included as one of the secondary outcomes 
in a meta-analysis systematic review that compared the 
effects of power training and strength training on func-
tional performance.35 The clinical balance outcome mea-
sures included in this review were the Functional Reach 
test, balance domain of the CS-PFP, and single-leg stance 
time. The authors concluded that there is little evidence 
for a moderate to large effect of power training on balance 
compared with strength training (95% confidence interval: 
0.17-1.99, P = .098, I2 = 80.7%).

Two studies used biomechanical balance parameters 
to evaluate the effects of power training. Orr et al38 
examined the effects of a 10-week high-velocity power 
training (2 sessions per week) on balance performance. 
Balance was assessed under 3 conditions on a comput-
erized platform: (1) narrow bilateral stance on a plat-
form sliding forward then backward; (2) narrow bilat-
eral stance on a platform tilting up and down; and (3) 
unilateral stance of the preferred leg on a still platform 
with eyes open and closed. Body sway and the number 
of balance losses were recorded as a measure of balance 
performance. High-velocity power training was found 
to significantly improve the balance performance for 
healthy community-dwelling older adults as compared 
with a nontraining control group. In addition, low-inten-
sity power training at 20% 1 RM resulted in the greatest 
improvements in balance performance when compared 
with power training at higher intensity (50% 1 RM and 
80% 1 RM.)

Pamukoff et al39 also conducted a study using biome-
chanical balance parameters to compare the effects of 
6-week (3 sessions per week) power training and strength 
training programs. Balance was assessed using maximum 
forward and lateral lean angle measured during a forward 
and lateral single-step balance recovery task. Although 
significant improvements were found in balance recovery 
performance when combining results from both groups, 
power training did not demonstrate a larger improve-
ment than strength training. The authors noted that the 
lack of significant group differences could be due to the 
small sample size (20 participants) and the short training 
duration. In summary, these 2 studies provide evidence 
that power training can improve balance performance as 
measured by biomechanical balance parameters. However, 
more research is required to investigate whether power or 
strength training is more effective and the optimal duration 
for training.

Effects of power training on fall prevention in older 
adults
Muscle weakness is considered to be one of the modifiable 
risk factors for falls in older adults.40,41 In a recent study of 
older women, the combination of poor lower limb muscle 
power and asymmetry between limbs was found to be 
more predictive of future falls than traditional measure-
ments of strength.42 Although there may be an association 
between muscle power and falls, more studies are needed 
to investigate whether power training is effective in pre-
venting falls in older adults.

Gianoudis et al43 implemented a multimodal fall preven-
tion exercise program that included high-velocity power 
training with diverse-loading weight-bearing exercises and 
high-challenge balance/functional exercises. Participants 
were required to perform the weight-bearing exercises with 
rapid concentric movements. The authors found that this 
multimodal exercise program improved functional perfor-
mance in older adults with higher fall risk. However, this 
improvement did not lead to a reduction in fall rate. Cur-
rently, there is limited evidence of effectiveness on the 
impact of power training interventions on fall reduction. 
Until more study results are published, uncertainty will 
remain about the benefit of adding power training to a fall 
prevention program for community-dwelling older adults.

Power training for older adults living with frailty
Older adults living with frailty are especially in need of 
improving their functional capacities to prevent negative 
consequences of falls, such as hospitalization, disability, or 
death. Studying nonagenarians residing in an institution, 
Cadore et al44 found that a 12-week multicomponent exer-
cise program that included high-velocity power training 
improved muscle strength, power, and cross-sectional 
area, as well as physical function (30-Second Sit to Stand 
test) and balance (single- and dual-task Timed Up and Go 
test). In addition, fall incidences were significantly lower in 
the intervention group than in the control group that 
received range-of-motion exercises. In this randomized 
controlled trial, resistance training was performed using 
resistance variable machines with progressively increased 
loads that optimized muscle power output (8-10 repeti-
tions, 40%-60% 1 RM).

Reid et al22 investigated the effects of power training 
in older adults aged 70 to 85 years with limited mobility. 
They found that low-resistance (40% 1 RM) power train-
ing yielded significant but similar improvements in physi-
cal performance when compared with high external resis-
tance (70% 1 RM).22 Finally, a recent review conducted by 
Izquierdo and Cadore45 concluded that including power 
training in a multicomponent fall prevention exercise pro-
gram is a beneficial and safe intervention to prevent func-
tional limitation and subsequent disability for older adults 
who are frail.
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The results of these studies indicate that power training 
is a feasible and safe intervention to improve physical func-
tion in older adults living with frailty. Although no injuries 
or adverse training effects were reported in these studies, 
it may be wise for novel trainees to undergo a warm-up 
period with low-velocity, low-intensity training and gradu-
ally progress to exercises with high velocity and moderate 
intensity. This warm-up period allows older adults to famil-
iarize themselves with the movement patterns and avoid 
musculoskeletal injuries.

CONCLUSION/RECOMMENDATIONS
The primary purpose of this review article was to analyze 
the efficacy of high-velocity power training in improving 
physical function, improving balance performance, and 
reducing fall incidences in older adults. Exercise interven-
tions targeted at improving muscle power have been well 
tolerated, safe, and effective for community-dwelling older 
adults, as well as older adults living with frailty. Specifically, 
current evidence shows that power training is more suc-
cessful than strength training in enhancing physical func-
tion. Limited evidence also shows that power training can 
improve balance performance as measured by specific 
clinical and biomechanical balance measures. However, 
more research is required to investigate whether power 
training or strength training is more effective in improving 
balance performance. No studies have shown that power 
training effectively reduces fall incidence. This may be 
because falls are a complex issue that requires a multifac-
eted approach. However, there is a growing body of evi-
dence to support the use of power training to improve 
several risk factors for falls, such as muscle strength, func-
tional mobility, and balance. Future large-scale randomized 
controlled trials are needed to guide the incorporation of 
power training in fall prevention exercise programs.

As a result of this review, clinical recommendations 
for power training protocols in older adults include 2 ele-
ments, proper duration and intensity. Most of the studies 
reviewed included a training duration of 3 times per week 
for 12 to 16 weeks. Therefore, a minimal training duration 
of 12 weeks may be required for the training to reach its 
full effect due to the nature of adaptation in the aging mus-
culoskeletal system.46,47 However, since studies with a wide 
range of training durations (6-26 weeks) have shown posi-
tive outcomes, more studies investigating optimal training 
duration would be useful. Training beyond 12 weeks may 
not be practical in a physical therapy setting. On the other 
hand, training in a community-based program presents 
the challenge of maintaining proper intensity due to lack 
of supervision from a physical therapist. Therefore, a fall 
prevention program implementing power training might 
ideally be conducted with an interdisciplinary approach 
including health care professionals and community col-
laborators.

Comparing high-intensity power training and low-inten-
sity power training, high-intensity power training (80% 1 
RM) resulted in a greater increase in muscle power and 
strength,32 while low-intensity power training (20%-40% 1 
RM) had an equal or greater positive effect on physical func-
tion and balance performance.22,38 This suggests that the 
velocity component of power training may be a significant 
factor for improving functional and balance performance 
since low-intensity power training allows muscle contrac-
tion at a higher velocity than high-intensity power training. 
Because low-intensity training has a relatively lower risk 
of injury than high-intensity training,32 power training can 
be a feasible and well-tolerated intervention for improving 
physical function and balance performance in older adults 
with or without frailty.
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