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Introduction
Eccentric Muscle Action (EMA) is a critical contributor to training,

whether it is for competition or health-related physical performance,
such as falls prevention in older adults. EMA is not well explained by
the cross bridge contributions and capitalizes on the accumulation of
elastic energy during sarcomere lengthening [1]. During lengthening,
sarcomere stiffness is reduced, allowing implementation of the series
elastic element while storing elastic energy. Roberts and Azizi [2] refer
to “springy tissues” and their capacity of stretching while storing
elastic strain energy and recoiling later to release energy, when force is
reduced. They asserted that tendons have three times the energy
storage capacity of muscle fascicles and described tendons as
mechanical buffers [3].

The spring structures within muscle include titin, which assists with
axial alignment during muscle actions while providing stability to
adjacent sarcomeres [4]. Titin elongates working as a molecular spring
while accumulating passive energy under active stretch. As actin binds
with titin, the free spring length is shortened, increasing titin’s stiffness
thus enhancing its elastic force accumulation capabilities, while
improving force production during EMA [5].

Force is transmitted radially and not only longitudinally as it is
sensed across cellular structures with the aid of integrins [6]. Integrins
serve as transmembrane receptors sensitive to chemical and
mechanical status of the extracellular matrix (ECM). Integrins connect
actin filaments with ECM fibers transmitting forces through a
clutching system. The ECM supports most of the passive loads, which
suggests increased stiffness and limited range of motion could be a
direct measure of ECM status [7].

These additional capacities for development of passive force to be
combined with active force of cross bridges, EMA is an essential
contributor to total movement force. Athletes have capitalized on
eccentric training for quite some years, including augmented eccentric
loading (AEL) through maneuvers that require apparatus such as
elastic bands, medicine balls, or sand-filled weights. EMA strength is
retained at greater capacity than concentric contractile force,
indicating that this training may be harnessed by older adults to
maintain functionality.

Eccentric Muscle Actions in Competition Training
Recently, an eccentric resistance training and muscle adaptation,

with specific focus on hypertrophy, has been reviewed [8]. That source
is a comprehensive discussion of eccentric training, this providing
good foundation for understanding the current status of research on
the topic. The National Strength and Conditioning Association
presented an educational article for athletes on the practical utilization
of AEL [9]

In athletics, AEL has been studied mostly using drop jump exercise.
AEL is applied by employing a tensile load during the airborne and
eccentric phases of a drop jump. An additional elastic load may be an
effective technique for improving exercise intensity without acute
effects on the jumping performance and neuromuscular activation
level in highly trained athletes [10,11]. Power output, net impulse,
takeoff velocity, and jump height are the vital factors that may be
improved with AEL [12]. Eccentric focused exercise can enhance
performance and has been implicated in injury reduction [13].

Repeated Bout Effect
Eccentric exercise is associated with development of delayed onset

muscle soreness. However, eccentric training results in diminishing
the intensity of the soreness, which has been termed the repeated bout
effect [14]. Multiple studies have examined the mechanism for
repeated bout effect. These studies have implicated reduced muscle
lengthening is subsequent eccentric exercise [15], extracellular matrix
remodeling [16], and changes in electrical pain threshold of fascia
[17,18]. Repeated bout effect was not influenced by altered muscle
activation or hemodynamic changes [19]. The repeated bout effect
infers that eccentric exercise training may be used in health related
training since the delayed onset muscle soreness is ameliorated with
subsequent bouts of eccentric exercise.

Eccentric Muscle Actions in Health Focused Training
Eccentric training is commonly used in clinical applications,

especially for tendonopathies. In addition to rehabilitation roles,
eccentric training which includes AEL may be modified for older
adults. Diminished muscle power is largely accepted as a main factor
in decreased activities of daily living (ADL) impacting an increased
risk for falling in older adults. Increased risk of falling may be due to a
number of factors which include: progressive declines in concentric
muscle actions, loss of sensory motor integration, and age-related
sarcopenia [20]. The loss of concentric muscle actions is greater than
eccentric muscle actions with aging in older adults [21]. Most
importantly, eccentric muscle force output is retained in older adults
which may help to prevent falls because of the brake-like function of
eccentric muscle actions [22]. Therefore, eccentric exercise training
may enhance muscle strength power output in older adults is
important for assessing the risk of falling.

Conclusion
Eccentric exercise training, including AEL, is an important element

in training. Athletes have used various types of AEL with successful
increases in power performance. For other applications such as
prescribing a fall prevention program, it is important to design the
exercises to match functional movements of daily living for older
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adults. It is also vital that the exercises are done in such a manner that
movement from the slow loaded eccentric phase to the quick unloaded
concentric phase is a fluid pattern. Further research is needed in long-
term AEL training for different applications related to sports and
health, across various ages. Rehabilitation applications of AEL is an
under-studied area, as well as the development of AEL training
programs in prevention of injuries, whether it be for athletes or older
adults who may be susceptible to falls.
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