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Muscle aging ultimately leads to the deterioration of human physiological functioning, including
declining muscle strength, loss of muscle mass, and decreased quality of life in advanced age. Ec-
centric exercise is a key intervention that has the potential to ameliorate this problem. Recent
studies have focused on evidence-based exercise interventions to prevent declines in muscle
strength and physical function in older adults. This paper reviewed relevant literature on the use
of eccentric exercise to improve muscle and mobility function in older adults. We explained not
only the changes in mobility that occur with aging but also the rationale for and positive effects
of eccentric intervention in older adults. We also explored several proposed mechanisms for the
intramuscular changes caused by eccentric muscle contraction and considered the safety and
side effects accompanying eccentric training. We concluded by suggesting that eccentric exercise
is an exercise modality that can potentially improve muscle strength and enhance mobility in
older adults.
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INTRODUCTION

Aging is accompanied by a series of adverse changes, typically in-
cluding the loss of 30%—40% of skeletal muscle mass, particularly
type II fibers.” The muscle mass at 6070 years of age is approxi-
mately 70%-80% that in younger people (< 60 years old) and is
also accompanied by diminished muscle strength.z) Certain char-
acteristics commonly observed in older adults reflect limitations
due to diminished muscular strength and mobility functions.””
Therefore, it is essential to develop exercise interventions that
maintain mobility by counteracting the decline of muscular and
mobility functions and improving the quality of life of older
adults.” However, it is difficult to apply conventional resistance ex-
ercises, which largely comprise isometric and concentric contrac-
tions, at sufficient intensity and amount to increase strength and

improve function in older individuals with limited physical func-

tion and mobility.*” Thus, mechanism-based specific modalities
have received attention; among these are the eccentric-based mod-
el, which we will introduce.

Eccentric exercise has been introduced as a specific method to
improve muscle strength and mobility in older adults.”” Eccentric
muscle contractions occur when an active muscle force increases
substantially during Iengthening.g'm) Eccentric or lengthening
contractions often occur during routine daily activities, such as
descending stairs or transitioning from standing to sitting.”)
Training programs primarily employing repetitive sub-maximal
eccentric muscle contractions are a common form of exercise and
an effective mode of conditioning for improving muscular
strength and mobility in older adults. However, some have argued
that resistance exercise can increase the risk of injury, reduce par-
ticipation, and lead to boredom due to extended repetition.lz)

Thus, it is essential to create specific exercise interventions that
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are effective at preventing or delaying functional decline based on
age-related changes in the muscle and mobility systems of older
adults.

We reviewed the literature on the effectiveness, appropriate pro-
tocols, and relevant mechanisms of eccentric exercise for the im-
provement of muscle and mobility function in older adults, espe-
cially in comparison with other forms of traditional resistance ex-

ercise.

EFFECTS OF AGING ON MOBILITY AND SKELETAL
MUSCLE FUNCTION

Age-related sarcopenia is a geriatric syndrome characterized by
the loss of skeletal muscle mass and strength, which can severely
limit muscle function.””" The main consequences of these
age-related changes are functional limitation, disability, increased
susceptibility to injuries, and increased morbidity and mortali-
ty.'*"” The overall decline in functional independence may seri-
ously compromise the quality of life of older adults. The mobility
function is closely correlated with changes in the muscle force-ve-
locity relationship,ls) and a slower walking speed is one of the rep-
resentative changes linked to functional limitations.” The major
changes reported in aging skeletal muscles observed in older
adults include decreased muscle fiber number and muscle
cross-sectional area, as well as defective regeneration.w) Fiber-type
changes constitute one reported mechanism by which muscle
function is lost with aging, with type II fibers being more suscep-
tible to atrophy than type I fibers.”” Furthermore, specific chang-
es in the intrinsic ability of aging muscles to generate force have
also been observed.”” The intrinsic contractile characteristics re-
lated to the cross-bridge mechanics of single fibers are altered
with aging.zz) Both decreased contractile tissues and reduced
force-generating capacity per cross-bridge affect the contractile
properties of aging muscles.”””” A decrease in the specific force
(normalized force per cross-sectional area) and unloaded short-
ening velocity of type I and ITa fibers in older adults compared to
younger adults have also been reported.%zs) These findings pro-
vide evidence that both intrinsic changes in muscle quality and a
loss of muscle mass contribute to age-associated changes in skele-
tal muscle function.

To prevent age-related decline in physical function, exercise in-
terventions that maintain or increase muscle mass and muscle
quality are primarily considered. Regular resistance exercises have
been shown to counteract most aspects of physiological deteriora-
tion due to aging.%’m However, older individuals with limited abil-
ity to perform exercises may have difficulty participating in con-
ventional exercise interventions and, even if they do participate,
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are often unable to exercise sufficiently for the intervention to be
effective.” Therefore, exercise interventions or modalities specific
to age-related changes and functional limitations are required for

mobility-impaired older populations.

ECCENTRIC EXERCISE AND ITS APPLICATION IN
OLDER ADULTS

Traditional resistance exercises, which emphasize concentric con-
traction, are effective in improving muscle function and restoring
physical function. However, they are limited as an exercise method
in the context of the physiological changes accompanying advanc-
ing age.zg) For older adults, exercises must provide substantial
changes in the intrinsic properties of skeletal muscles to improve
the performance of functional movements in daily life.”” To over-
come the limitations of conventional exercise interventions, a
more specific intervention strategy targeting the changing physio-
logical characteristics and muscular function associated with aging
is warranted. Among various intervention strategies, eccentrical-
ly-biased exercise, especially chronic eccentric exercise, is report-
edly superior to conventional training in terms of increasing mus-
cle strength and function in aging populations.30> As the interest in
specific modalities to counteract age-related muscle atrophy or
functional decline has increased, various types of interventions fo-
cusing on eccentric contraction have been applied to older popula-
tions in clinical and community-based settings.” Thus, it is neces-
sary to review the current and relevant literature on the effective-
ness of eccentric exercise modalities, especially in terms of their
comparative effectiveness to other modalities, specific protocols,
and intervention settings, including the equipment or tools used in
the interventions.

This review searched the PubMed, Medline, Embase, and Co-
chrane Library databases in January 2021, using the following key-
words: older adults, aging, eccentric exercise, eccentric contrac-
tion, muscle strength, and physical function. Based on the titles
and some parts of the articles when needed, we screened the litera-
ture to select articles that met the following inclusion criteria: (1)
participants aged 60 years or older, (2) randomized controlled tri-
al, and (3) at least one group that performed eccentric exercise. We
restricted our review to studies in English, owing to the translation
of non-English language studies and lack of resources for review.
The primary database search yielded 111 articles. After removing
duplicates, 92 articles were considered potentially relevant and
screened for content. Among them, 67 articles were excluded
based on the training characteristics and study objectives. Of the
2§ studies reviewed, 10 met our predetermined criteria (Fig. 1).
Detailed information from each article, including author, year of
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Objective
To investigate the use of eccentric exercise to improve muscle and mobility
function in older adults

.

Date Source

[l Date search
- PubMed (n=65)
- Google Scholar (n=14)
- Embase (n=17)
- Cochrane (n=15)

-

Study selection

M Inclusion criteria
- Randomized controlled trial
- At least one group involving eccentric exercise
- Participants who are over the 60 years old
- At least one functional outcome measure

.

Full-text review
25 studies retrieved

!

Articles excluded
15 studies (Protocols=4; Not eccentric exercise=11)

!

Articles selected for literature review
10 studies met inclusion criteria

Fig. 1. Flowchart of the methodology used in this review.

publication, study design, and exercise characteristics (type, inten-
sity, frequency, and duration) is shown in Table 1. As these studies
employed different eccentric exercise programs and protocol treat-
ments, it is difficult to determine whether the effects observed
were solely due to eccentric exercise.

Some studies” " used specialized equipment, such as eccentric
ergometers, isokinetic dynamometers, and flywheel ergometers.
Kim et al.,‘m Mueller et al.,33) and LaStayo et al.*”) used eccentric
ergometers for eccentric training. Mueller et al.” reported a signif-
icant increase in isometric strength. Isokinetic strength and power
were also significantly increased following training using an eccen-
tric ergometer.m However, LaStayo et al.” reported no significant
differences between traditional resistance and eccentric groups in
the fall risk variables of mobility and leg extensor muscle power.
However, as this study did not employ power training in the eccen-
tric or conventional resistance exercise, it would be hard to expect
significant changes in variables related to power output. Squat-
based exercise interventions using a flywheel in the study by Sanu-
do et al. resulted in significant increases in balance and power in
older participants.” Raj et al.”” employed eccentric exercises us-
ing an isokinetic dynamometer, which resulted in significant im-
provement in maximum one-repetition maximum (1RM) exercis-

es and isometric and isokinetic torque. Collectively, these results

indicated that the use of specialized equipment for eccentric con-
traction provided significant benefits in muscle and mobility func-
tion in older adults.

Other than interventions with specialized equipment, other
studies have applied various types of eccentric contraction proto-

36-40
cols.

) Eccentric exercise interventions, such as regular body
squats without a device and the use of a leg extension machine,
have been performed in older adults."”"" These studies showed
significant improvements in isometric, eccentric, and concentric
peak torque, demonstrating that basic manual resistance exercise
training emphasizing eccentric muscle contractions could improve

muscle strength and physical function. Dias et al’®

reported on
the application of eccentric (concentric and eccentric phases set at
1.5 and 4.5 seconds, respectively) and conventional resistance
(concentric and eccentric phases set at 1.5 seconds training) in
older women. Both eccentric and concentric training improved
knee extension at 1RM, the Timed Up-and-Go test, and the 6-me-
ter walk test.”” Other studies reported that the effect of eccentric
exercise was not superior to that of conventional resistance exer-
cise, and some outcomes indicated no effects. Eccentrically-biased
training using a leg press resulted in no significant improvements
in leg extension strength, leg curl strength, or IRM maximal
strength.”‘zs) This finding probably indicated insufficient training
to induce adaptation or that the adaptation failed to affect muscle
strength or functional ability.

These results indicated that pure eccentric exercise using spe-
cialized equipment might improve overall muscle strength to a
greater extent than eccentrically-biased or combined eccentric and

. . .31,42)
concentric contraction

and that this treatment modality can
overload the muscular system at a low energy cost.” Therefore,
eccentric exercise can produce relatively high intensity with low
volume, making it an attractive exercise option in strength pro-

grams to improve physical performance in older adults.*”

THE BENEFITS OF ECCENTRIC CONTRACTION IN
OLDER ADULTS

Eccentric exercise consists mainly of eccentric isotonic contrac-
tions, wherein the muscle is forcefully lengthened. Eccentric exer-
cise has various benefits in older adults. Eccentric contraction facil-
itates higher force production compared to other types of resis-
tance exercises.”” The relative preservation of eccentric strength in
older adults compared to isometric and concentric strength is
well-established (Fig. 2). This reserve of eccentric strength could
be beneficial in resistance training programs for people with re-
duced levels of muscle force.” Eccentric contraction also tends to
entail higher contraction velocities and reduced dependent con-
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Torque (Nm)
Eccentric Concentric
Lengthening Shortening

Isometric  Angular velocity (deg/s)

Greater force than
shortening contraction

Benefits from
eccentric exercise

Strength
(kg)

Age (Y)

Relative preservation of eccentric strength

. ey 46
traction velocities. )

Another advantage of eccentric exercise compared to concentric
exercise for older adults is the lower metabolic cost and cardiore-
spiratory burden for the same amount of exercise, which enables
efficient muscle strengthening with low energy consumption.””*)
The low metabolic cost and minimal cardiorespiratory burden im-
posed by eccentric exercise could be a therapeutic advantage for
older adults, who are often vulnerable to metabolic demands.
Thus, chronic eccentric exercise may be effectively used by older
people who are functionally limited because high energy con-
sumption is not required.

Delayed onset of muscle soreness (DOMS) is a known risk fac-
tor that interferes with exercise continuation (Fig. 2). DOMS in-
cludes pain, swelling, tenderness, and stiffness due to extracellular
matrix damage, impaired sarcolemma permeability, and ultra-
structural damage induced by eccentric contraction. However,
this phenomenon occurs less frequently in older adults, mainly
due to the characteristics of their muscles, in which type II fibers
are predominately reduced.”” Additionally, high-intensity or
high-volume eccentric exercise results in increased cross-sectional
area of type Il muscle fibers, """ as well as a shift toward fast type
II muscle phenotypes.sz) Therefore, eccentric exercise is consid-
ered an exercise intervention strategy that reflects the physiologi-
cal characteristics of older individuals and is expected to be safe

and effective.

Eccentric Exercise to Improve Mobility Function 9

Lower metabolic cost and
cardiorespiratory response

Fig. 2. Advantages of eccen-
tric contraction in older adults.
DOMS, delayed onset of muscle

Less DOMS in the older group soreness.

MECHANISMS OF MUSCLE FUNCTION
IMPROVEMENT BY ECCENTRIC EXERCISE

Previous experimental studies have proposed mechanisms to ex-
plain muscle quality change following eccentric muscle contrac-
tions.” ™ Detailed information, including subject characteristics,
exercise device and modality, and type of intervention in these
studies, are shown in Table 2. Downbhill treadmill exercise,”*****)
single or repeated bouts of lengthening contraction,””*” and elec-
trical stimulation™”*” have been utilized as experimental models
for eccentric exercise interventions.

Da Rocha et al.” reported that overtraining (OT) protocols—
downbhill running-based overtraining (OTR/down), uphill run-
ning-based overtraining (OTR/up), and overtraining without in-
clination (OTR)—tended to induce a proinflammatory state and
lead to skeletal muscle tissue injury. Indeed, proinflammatory cy-
tokines were more sensitive to the OTR/down than to the OTR/
up or OTR. Hyldahl et al” reported significant changes in the
levels of two cytokines (monocyte chemoattractant protein-1
[MCP-1] and interferon y-induced protein 10 kDa [IP-10]) fol-
lowing eccentric contraction, indicating a potential role for IP-10
as a mediator of satellite cell activity and muscle regeneration.
Overall, proinflammatory responses suggesting muscle damage or
remodeling were upregulated following eccentric but not concen-
tric contraction. Furthermore, muscle damage induced by eccen-
tric exercise acutely upregulated proinflammatory cytokines (e.g.,

Ann Geriatr Med Res 2022;26(1):4-15
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increased interleukin-6 [IL-6]) and, over a longer term, downreg-
ulated proinflammatory cytokines and upregulated anti-inflamma-
tory cytokines (e.g., increased IL-10).””

Satellite cell activity is important for skeletal muscle health
throughout the human lifespan. Eccentric but not concentric con-
tractions are associated with a transient damage response, the re-
pair of which appears to be a function of satellite cells. Moreover,
eccentric contractions promoted a greater satellite cell response
than concentric contractions.”” Eccentric exercise also reportedly
upregulated muscle-specific genes associated with muscle cell hy-
pertrophy.”"*” Thus, eccentric muscle contraction is useful when a
high degree of muscle strength is required, as it can stimulate satel-
lite cell activity and boost anabolic signaling,”**”

Kim et al.*” reported that the rectus femoris (RF) but not vastus
lateralis (VL) muscle mass was significantly increased in the down-
hill training group and that mMTOR and MyoD expression in the
RF muscle was likely significantly increased by downhill running
exercise. Therefore, eccentric exercise may be suitable for improv-
ing muscle growth, repair, and remodeling, In this context, West et
al.”” observed that protein synthesis in old muscle was directed to-
ward repairing muscle damage rather than synthesizing myofibril-
lar proteins that would increase muscle size and strength under
electrical stimulation. In addition, one in-vitro study assessing
muscle activity under electrical stimulation reported better re-
sponses to the damaging effects of a sustained bout of eccentric
muscle activity in older extensor digitorum longus muscle (EDL)
compared to younger EDLs."”” Collectively, the results of these
studies demonstrated the beneficial effects of eccentric exercise in
inducing skeletal muscle growth and enhancing skeletal muscle
function in aged groups.

Eccentric muscle contraction generates muscle force with a low-
er metabolic demand (e.g., lower oxygen cost) for the same me-
chanical intensity as concentric contraction.” At the muscle cell
level, the reduced energy cost of eccentric muscle contraction
compared to isometric and concentric contractions has been ex-
plained based on the cross-bridge theory. Huxley” found that
cross-bridges were not necessarily tied to the hydrolysis of one ad-
enosine triphosphate (ATP) per cross-bridge cycle (as is typically
assumed for isometric and concentric contractions); rather, one
ATP molecule was hydrolyzed per multiple cross-bridge cycles in
eccentric contractions. However, some have argued that the higher
force and lower energy cost of eccentric contractions are difficult
to fit into the cross-bridge theory. Unmeasurable assumptions re-
garding cross-bridge properties, such as stiffness, duty ratio, and
energy states, are required to estimate the energy storage capabili-
ties of cross-bridges during muscle contraction. Therefore, other
theories have been proposed to account for muscle properties
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during eccentric contraction, such as residual force enhancement,
the long-lasting increase in force that persists after stretching the
active muscle; nonuniform sarcomere length; and titin-actin inter-
actions.™

Eccentric exercise can cause substantial changes in intramuscu-
lar structures, such as muscle fascicle 1ength.69) Lengthening con-
tractions can increase muscle fascicle length, which decline with
immobilization and can be increased through regular eccentric ex-
ercises.”® Furthermore, eccentric loading can increase the number
of sarcomeres in muscle fibers.””*” Butterfield et al. *” reported sig-
nificantly increased sarcomere number in the vastus intermedius
of rats after 10 days of downhill walking training. The existence of
the sarcomeric protein myotilin was suggested to play a role in the
development of new sarcomere structures after stretching stimula-

tion.m)

SAFETY AND ADVERSE EFFECTS

As eccentric contractions have traditionally been associated with
muscle damage, eccentric exercise has routinely been discouraged.
However, some evidence indicates that eccentric exercise can be
safely and effectively performed in older adults. Mueller et al.”?
and Sanudo et al.*” suggested that muscle damage can be avoided
by carefully increasing the muscle load over repeated exercise ses-
sions beginning with a very low eccentric load—30 W and S0 W
for women and men, respectively;33) first 3 weeks using one fly-
wheel with a moment inertia of 0.025 kg/ m” and after week 4, a
flywheel with a moment inertia of 0.05 kg/m”.”* LaStayo et al.”"”
reported that damage is inevitable when high eccentric forces are
generated in muscles naive to eccentric contractions. However, no
symptoms of damage, inflammation, or soreness occurred if the
magnitude and duration of the force production were increased
gradually.

In older adults with disease or those recovering from surgery, a
phased progression of non-painful, non-injurious eccentric exer-
cises is universally feasible owing to the relatively low exertion re-
quired.73) In addition, 1:1 supervision and familiarization using
progressively increased effort and load are recommended to en-
sure good form, comfort, and consistent performance and to re-
duce injury risk. Additionally, fall risk in older adults during stair
descent, peak heart rate, systolic blood pressure, cardiac index,
and expired ventilation were lower during eccentric exercise of
equivalent volume to those of concentric exercise.””” Eccentric
exercise is currently performed to progressively increase the dura-
tion, frequency, and intensity of the exercise sessions and mini-
mize the symptoms of damage.75) Thus, eccentric exercise inter-
ventions are considered safe and suitable alternatives to traditional
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resistance exercises.

However, the level of intensity, the method of load progression,
and the mode of delivery of eccentric exercise have been less stud-
ied compared to those in traditional resistance exercises, such as
isometric or concentric contraction.”” In particular, little is known
about the specific protocols for eccentric exercise in aging muscles
that are more susceptible to injury. Therefore, further studies are
needed to develop a program that optimizes the intensity, dura-
tion, and modes of eccentric training while minimizing adverse ef-
fects in older adults.

CONCLUSION

Studies have been conducted in the last decade to elucidate the ef-
fects of eccentric contraction on aging muscles in older adults. We
reviewed relevant literature on the use of the eccentric mode and
its application, in which eccentric exercise has gained a great deal
of interest across many fields. In addition, experimental studies can
be used to reveal its mechanisms and benefits. The main finding of
this review was that eccentric exercise is more effective than other
traditional resistance exercises in improving muscle strength and
mobility function in older adults. In particular, eccentric exercises
using a specific device may more practically enable pure eccentric
contractions. Eccentric exercise produces relatively greater force
with lower energy consumption, making it an attractive option in
strength programs to improve physical performance in older
adults. However, continued research on appropriate protocols for
eccentric contraction is needed to minimize adverse effects in this
population.
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