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edto:  Abstract

Difﬂj:;'t“i gepfejzt‘:é’i: The maintenance of skeletal muscle and its ability to generate greater nerve stimuli
Institut Nacional d’Educacié are favoured by the use of isoinertial equipment, since these allow greater tendon and
Fisica de Catalunya (INEFC) neuromuscular performance together with better metabolic dynamics in the face of
loss of lean mass (sarcopenia) and muscle strength (dynapenia) in older adults, due
to multifactorial effects such as: increase in catabolic cytokines that cause protein
*Corresponding author: degradation, atrophy, hormonal disorders, increase or decrease in fat mass. The pur-
cyaigz‘;?ez:jﬁ::jzizo pose of this study was to establish the neuromuscular effects of isoinertial strength
training by older adults. A review of the scientific literature on the effects of isoinertial
Section: training on heuromuscular performance in older adults is presented through a data-
Sportstraining phase search (PubMed/MEDLINE, ScienceDirect, ProQuest). The isoinertial training
Original language: mechanism generates positive changes in motor unit recruitment, strength and power

Spanish levels, maintaining neuromuscular and tendon function in older adults.
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Introduction

Changes have been identified at the hormonal, neuronal
and muscular levels as a result of the changes linked to age
and functional performance in the elderly, (Algilani et al.,
2014; Strasser et al., 2018; Ticinesi et al., 2019; Vandervoort,
2002). These changes produce a decrease in muscle strength
and power (Latham et al., 2009; Vandervoort, 2002), and
are associated with variation in motor neurons, the capacity
for protein synthesis, and changes in cartilage, joints and
tendons (Ferndndez-Argiielles et al., 2015). On the other hand,
impacts on the neurological system have been seen including
changes in the size and number of motor units, dendritic
ramifications, and weakness in motor nerve conduction
(Foldvari et al., 2000). Thus, strength is affected around the
third decade of life and continues to decline progressively
(Granacher et al., 2008), depending on multiple factors such
as age, sex, and physical activity, among others (Russ et al.,
2012; Vandervoort, 2002).

According to scientific data, a significant decrease in
strength of 1 to 1.5% per year between the ages of 50 and 70
has been established (Vandervoort, 2002), as well as changes
and degeneration of the spine that can produce stability,
posture, function and dynamism problems (Borde et al., 2015;
Mitchell et al., 2012; Russ et al., 2012). Therefore, the motor
performance of the elderly depends on developing resistance
through training programmes, which aim to maintain the
characteristics by keeping up muscular strength through
eccentric dynamics, as a fundamental basis of the adaptive
physical condition that aims to maintain the number and
diameter of myofibrils, especially those of type II, as a result
of the production of power (Maroto-Izquierdo et al., 2017;
Wonders, 2019) as an essential factor in human functional
capacity.

For this reason, muscular mechanical performance through
negative (eccentric) contractions in tension training justifies
the use of isoinertial action equipment. This equipment aims
to increase strength, improve musculotendinous elongation
(Guilhem et al., 2010; Hedayatpour and Falla, 2015;
Schoenfeld et al., 2017) and increase power production as well
as metabolic efficiency, together with a lower cardiovascular
requirement, generating strategies that combat sarcopenia
(Hedayatpour and Falla, 2015), due to loss of muscle mass
and strength, decreased bone mass, fragility, depression,
sleep disturbances and the incidence of falls (Granacher et
al., 2013; Petré et al., 2018; Sanudo et al., 2019).

As described by recent studies, the ability to apply
eccentric resistance throughout the full range of motion
generates satisfactory strength gains compared to traditional
training (Bogdanis et al., 2018; Sanchez-Moreno et al., 2017;
Yamada et al. al., 2012), which would lead to performing
work with a lower ideal energy expenditure in clinical and
sports rehabilitation processes (Aboodarda et al., 2016;
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Guilhem et al., 2010; Pareja-Blanco et al., 2014) . Speaking
more specifically of the older adult population, there has
been research designed to study the best way to achieve
satisfactory results for strength gain.

Likewise, it has been suggested that isoinertial exercises
can lead to improvements in terms of hypertrophy and
functional adaptation, which are related to contractile capacity
and muscle elongation in the elderly population (Maroto-
Izquierdo et al., 2017). Similarly, studies have revealed that
isoinertial training can improve aspects of muscle function,
such as: strength, power, neuromuscular activation and
structural improvement (Bruseghini et al., 2019).

Therefore, the purpose of this review becomes important
when establishing the neuromuscular effects of isoinertial
strength training in older adults.

Methodology
Using a descriptive cross-sectional study of articles
published using a narrative review, a search was carried
out between March and September 2020 in databases
such as PubMed/MEDLINE, ScienceDirect and ProQuest.
Published studies that were not in Spanish or English
were excluded.

Search strategy

A search for publications was performed using the MeSH
tool, using keywords such as aging, flywheel training,
sarcopenia, strength training, eccentric overload, older adults.
Subsequently, a new search was carried out using Boolean
(logical) operators such as: “isoinertial” OR “isoinertial
training” OR “Training eccentric overload” AND “Flywheel
training®”, “Older adults*” OR “senior training*” AND
“Strength training”, “muscle *” AND “neuromuscular
function”, “skeletal muscle” AND “older adults*” OR
“training*”, “muscle coactivation” AND “seniors*” OR
“older adults*”, “sarcopenia” AND “aging®” OR “Older
adults*”

Selection process

300 articles were found, from which duplicate studies and
those that did not meet the study’s objectives (exclusion
criteria) were eliminated, giving a final total of 70
publications.

Of the remaining articles that included resistance
exercises, those (n = 20) which performed training that
did not include inertial overloads were eliminated. Finally,
of the 50 articles that met the inclusion criteria proposed
by the researchers, 18 were used for this review (Figure 1).

SPORTS TRAINING I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2022, Issue 147. 1t quarter (January-March), page 36-44

37


http://www.revista-apunts.com

C.A. Yanez et al.

Isoinertial Strength Training in Older Adults: A Systematic Review

Search results:
300 articles

70 articles for review

Duplicate articles and studies
not related to the review topic
were excluded

\/

50 articles selected and
18 standing out after
review

Inclusion criteria:

- Scientific articles (literary
reviews, systematic reviews
and meta-analyses) related to
isoinertial strength training

- Other contexts on loss of muscle
mass (sarcopenia, eccentric
training, eccentric loading,
rehabilitation with isoinertial
machines)

- Priority to articles between the
years 2015 and 2020

Exclusion criteria:

- Languages other than Spanish
and English

- Full article text not available
electronically

Figure 1
Flow chat for the article selection.
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Results
Articles on randomised clinical trials, literature reviews,
systematic reviews and meta-analyses were found covering
interventions using isoinertial strength training in older adults
between 60 and 75 years of age, as well as those including
this population in rehabilitation and sport processes,

Table 1
Results of the neuromuscular effects of isoinertial training.
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and sports-people, highlighting characteristics pertinent
to neuromuscular adaptation, articles highlighted by the
scientific contribution of the intervention. Likewise, the
usefulness of documents related to strength training and
isoinertial exercises that might be useful is highlighted
(Table 1).

Effects of isoinertial training (results)

Sample characteristic

Author(s) Year
(Beato et al.) 2020
(Kowalchuk and

Butcher) 2019
(Suchomel et al.)

(Bruseghini et al.) 2019
(Fisher et al.) 2020
(Hedayatpour and Falla) 2015
(llera-Dominguez et al.) 2018
(Lastayo et al.) 2017
(Maroto-Izquierdo et al.) 2017
(Norrbrand et al.) 2010
(Nuhez et al.) 2018
(Onambélé et al.) 2008
(Petré et al.) 2018
(Safiudo et al.) 2019
(Tesch et al.) 2017
(Tous-Fajardo et al.) 2016
(Walker et al.) 2016
(Wonders) 2019

Hypertrophy - Increased strength and power.
Maintenance of lean mass in the face of sarcopenia

Maximise muscle size, strength and power

Increased anatomical cross-sectional area (quadriceps).
Lean tissue preservation

Improves muscle speed and strength. Reduces the
incidence of lower limb injuries (especially the biceps
femoris)

Increased passive muscle tension. Maintenance of force
levels

Increase in strength and power in the knee (28% knee
extension CIVM) - Hypertrophy of the quadriceps

Low energy cost - High muscle force production - Reduces
losses in muscle size, strength and mobility. Reduces the
risk profile for falls in older adults

Functional and anatomical changes and improvement in
performance

Increased MVC and specific strength of the training. Higher
mechanical stress

Improvements in lower extremity muscle volume and
functional performance

Increased tendon stiffness of the gastrocnemius.
Improvement in the individuals’ postural balance

Increased strength and power. Hypertrophy

Improves balance, functional mobility and muscle power

Useful tool to improve neuromuscular function in both
clinical and healthy populations

Improvement in CD capacity, linear velocity, and reactive
jumping

Increase in maximum force production, work capacity, and
muscle activation

Muscle activation - tendon elongation and stiffness

Older adults

Review study

Older adult subjects

Sports and rehabilitation

Review study

Young people

Older adults

Sports-people

Healthy, non-active men

Young male team sports players

Older adults

Sports-people

Older adults

Healthy, sedentary, or physically
active people and populations with
muscle wasting, disease, or injury

Sports-people

Strength-trained men

Athletes in rehabilitation

Note. MVC: maximum voluntary contraction; CD: change of direction. Source: prepared internally.
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Discussion

Sarcopenia and the older adult population
This review of isoinertial training in the older adult
population has been set up in accordance with the effects
of muscular and general deterioration in human beings,
since, by the year 2030, it is estimated that there will
be an increase of approximately 71 million adults aged
65 and over in countries like the USA who will have
functional alterations due to musculo-skeletal impairment
(US Census Bureau International Database, 2015). For this
reason, the decrease in the practice of physical exercise
has effects on muscle composition, fat mass and the
progressive reduction of strength (Walston, 2012), the
latter being a physiological capacity that must be kept
healthy, since it is a fundamental part of the conservation
of the locomotion and functional mobility of the elderly.
For this reason, the loss of lean mass and the deterioration
of muscle strength in adults, together with increasing age,
produces a decrease in endurance capacities, which can be
improved through active and healthy lifestyles (Aagaard
et al., 2010; Papadopoulou, 2020; Shafiee et al., 2017).

On the other hand, the maximum muscle strength of
individuals declines continuously from the fifth decade of
life and increases from the seventh decade (Hughes et al.,
2018; Kosek et al., 2006). This decrease in muscle strength
is related to reduced motor function, mitochondrial
damage, increasing age, and impaired balance, which
are affected along with a greater risk of falls and bone
injuries due to fractures (Campbell and Vallis, 2014;
Gschwind et al., 2013; Lastayo et al., 2017). Similarly,
it is strongly associated with poor health and mortality,
according to studies conducted using the measurement
of grip strength and the strength of the muscles of the
lower extremities (Grgic et al., 2020; Newman et al.,
2006; Zeng et al., 2016).

Strength training and ageing

There is evidence of strength training as an alternative
and a solution to the physiological deterioration of
skeletal muscle (Papa et al., 2017). This is the case for
the study by Kosek et al. (2006), in which it is shown
that muscle training is the most promising method to
reduce or reverse the effects of sarcopenia, performing
work at an intensity of 80% of a maximum repetition,
which achieves satisfactory effects on the strength after
3-4 months in older adults, producing adaptations of
neural properties that play a prominent role in the training

Isoinertial Strength Training in Older Adults: A Systematic Review

described (Fragala et al., 2019; Onambél¢ et al., 2008;
Unhjem et al., 2015). For this reason, within strength
training, along with the use of elements and machines,
the isoinertial method stands out, it appears to be safe,
practical and effective in increasing eccentric strength
(development rate) and power (Maroto-Izquierdo et al.,
2017; Nuafiez et al., 2018; Wonders, 2019) with overload,
which allows age-related changes to be reduced and,
likewise, improves the quality of life of individuals
(Kowalchuk and Butcher, 2019; Lee and Park, 2013;
Safiudo et al., 2019), maintaining skeletal muscle mass
and improving neural stimulation through strength training
as an essential factor of health and well-being (Stewart
et al., 2014; Voet et al., 2019).

Similarly, when referring to the training dosage
parameters, there are variables of time, intensity and speed
of execution, which generate benefits in short periods
(Burd et al., 2012; Cadore et al., 2014). Among them, the
intensity parameter stands out as a predisposing factor in
muscular adaptations towards the maintenance of nerve
impulses (Fragala et al., 2019; Granacher et al., 2008;
Gschwind et al., 2013; Illera-Dominguez et al. al., 2018;
Kowalchuk and Butcher, 2019), which explain the best
increase in strength. This is why training with isoinertial
equipment favours eccentric action, which is characterised
by the lengthening of the muscles (musculotendinous
stretching) towards the breaking force under tension, due
to the ability to apply constant and unlimited resistance
through of all phases of contraction, resulting in increased
power output. For this reason, the mechanical activity
of acceleration and deceleration of the concentric and
eccentric type through the equipment described achieves
an increase in the tension (intensity) in the muscles, during
contractions, according to the speed of execution and the
force produced (Suchomel et al., 2019).

Eccentric strength training

Among the benefits of strength training and specifying the
work on the eccentric phase, isoinertial training provides
an adequate stimulus based on negative resistance
(Herzog et al., 2015) in the deceleration phase of the
movement and in the various squat exercises, bicep curl
or knee flexion, which achieve greater neuromuscular
stimuli (Katz, 1939; Meylan et al., 2008; Nuiiez et al.,
2018; Wonders, 2019). Consequently, intervention with
isoinertial devices in older adults supports the importance
of its practice, adapting the musculo-skeletal system
to higher rates of recruitment and impulses towards
the motor unit during resisted stretching (Beato et al.,
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2020; Kowalchuk and Butcher, 2019), taking advantage
of positive adaptations that counteract the effects of
sarcopenia (Konopka and Harber, 2014; Liao et al.,
2019), improving the internal muscular environment
(increase in the frequency of nerve impulses) (Camera
et al., 2016; Conceicdo et al., 2018; Gehlert et al., 2015;
Remaud et al., 2010).

Isoinertial training in older adults

The reliability and validity of isoinertial strength training
in older people is a strategy that has shown significant
effects at the neuromuscular level (Sola-Serrabou et al.,
2019). Therefore, the eccentric muscle contraction, in
conjunction with the inertial overload, generates a regulation
and induction of satellite cells at the molecular level that
favour better performance in the recovery of the fibrillar
microinjury produced by training (Cermak et al., 2013). It
also helps to maintain muscle mass together with a greater
protein synthesis, caused by musculotendinous activity,
which helps to support the increase in the transverse cross-
sectional area and the hypertrophic effect (Hody et al.,
2019). It also entails an increase in the speed, duration,
tension and amplitude of concentric movement during the
contraction, with a slight deceleration by the muscle of the
energy (kinetic), prior to the action produced in the eccentric
phase (Tesch et al., 2017).

In relation to the above, the muscle and tendon have
mechanical properties that allow the production of greater
force and power, as well as the generation of maximum
activation at the end of the muscle lengthening or elongation
phase in a higher proportion than for the concentric, leading
to the effect of repeated loads causing an increase in the
level of tendon stiffness with less energy expenditure,
thereby generating greater efficiency of directed work
within a training programme with the older adult population
(Bruseghini et al., 2019; Douglas et al., 2017).

Isoinertial Machines

The isoinertial exercise modality was developed in order
to prevent the loss of muscle and bone mass in astronauts
as a result of the lack of gravity and the impossibility of
exercising the various muscle groups, (Aboodarda et al.,
2016; Petré et al., 2018; Safiudo et al., 2019), this consists
of performing concentric and eccentric movements against
a constant resistance (Fisher et al., 2020), generated by
the action of a flywheel, which produces greater strength
gains in the eccentric phase than the concentric (Petré et
al., 2018; Tesch et al., 2017).

Thus, earlier, less sophisticated, isoinertial machines
were developed, but they maintained the same ability to
generate concentric and eccentric contractions using the
same flywheel. Therefore, and thanks to technology, this
methodology has been developed and applied in various
general populations, not only for training purposes but also
as an important aid in muscle gain in older people, who,
due to age go through a process of sarcopenia, as well as in
sports, physical rehabilitation (Lienhard et al., 2013) and/or
cardiopulmonary procedures (Tesch et al., 2017).

In the same way, the fundamental principle of isoinertial
machines is similar to the reversible toy known as a Yo-Yo
(Figure 2) (Bogdanis et al., 2018; Granacher et al., 2013;
Kowalchuk and Butcher, 2019; Lee and Park, 2013). This
consists of a rope anchored to a flywheel system for flexion
and extension movements of body parts, and the aim is
to pull the rope by unrolling it from the flywheel system
using springs. "The system rotates in the reverse direction,
rewinding the rope, which the person performing the exercise
must oppose" (Fisher et al., 2020). Consequently, the intensity
of the inertia will depend on the force applied during the
exercise and the diameter, and thus circumference, of the
flywheel (Figures 2 and 3) (Petré et al., 2018; Safiudo et al.,
2019), which increases the demands on eccentric activity
after a concentric action due to the inertial loads. The
work done is recorded using a rotary encoder including
the various variables such as power (Watts), power range
(Watts) and speed (m/s).

Figure 2
Squat isoinertial machine.

SPORTS TRAINING I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2022, Issue 147. 18t quarter (January-March), page 36-44

41


http://www.revista-apunts.com

C.A. Yanez et al.

Figure 2
Fixed radius pulley (top) and isoinertial tapered pulley (bottom).

It should be noted that the eccentric force depends on
the concentric force that is applied and that, because the
isoinertial activity is free of weights and the effects of the
force of gravity, the machine guarantees that the energy used
during both movements is practically identical; hence its name
(Kowalchuk and Butcher, 2019).

On the other hand, one of the advantages of using isoinertial
exercises in older adults or in people who require rehabilitation is
that, with this Yo- Yo method (Petré et al., 2018), the energy cost
is low (in comparison with other types of exercises for muscle
gain), since the person is working in both the concentric and
eccentric phases, but in the latter phase the energy expenditure
is one fifth of that required in the concentric phase (Illera-
Dominguez et al., 2018; Tous-Fajardo et al., 2016).

Likewise, with regard to the usefulness of isoinertial
exercises, published work has shown that in adults over 70 years
of age, power gains of up to 28% can be obtained (Bruseghini
et al., 2019; Walker et al., 2016), managing to improve the
levels of body stability and decreasing the progression in the
loss of bone density (Bruseghini et al., 2019). However, no data
have been found to support improvements in cardiovascular
capacity in older adults (Tesch et al., 2017).

Isoinertial Strength Training in Older Adults: A Systematic Review

Conclusions

The isoinertial training mechanism produces positive
changes to the recruitment of motor units, strength and
power levels, maintaining the composition of lean tissue,
neuromuscular and tendon function in older adults against
the ageing process, due to the greater performance of the
eccentric contraction and its progressive tension, with a
low energy cost and at the same time being an effective
alternative in the therapeutic and functional field.

Future directions of research
Establish the isoinertial training parameters in the
methodological process to justify its application to various
populations, as well as to determine the levels of inertia and
the friction resistance force.

References

Aagaard, P., Suetta, C., Caserotti, P., Magnusson, S. P., & Kjar, M.
(2010). Role of the nervous system in sarcopenia and muscle atrophy
with aging: Strength training as a countermeasure. Scandinavian
Journal of Medicine and Science in Sports, 20(1), 49-64.
https://doi.org/10.1111/j.1600-0838.2009.01084.x

Aboodarda, S.J., Page, P. A., & Behm, D. G. (2016). Muscle activation compar-
isons between elastic and isoinertial resistance: A meta-analysis. In Clinical
Biomechanics (vol. 39). https://doi.org/10.1016/j.clinbiomech.2016.09.008

Algilani, S., Ostlund—Lagerstrém, L., Kihlgren, A., Blomberg, K.,
Brummer, R. J., & Schoultz, I. (2014). Exploring the concept of optimal
functionality in old age. Journal of Multidisciplinary Healthcare, 7, 69-79.
https://doi.org/10.2147/JMDH.S55178

Beato, M., McErlain-Naylor, S. A., Halperin, I., & Iacono, A. Dello.
(2020). Current evidence and practical applications of flywheel eccentric
overload exercises as postactivation potentiation protocols: A brief
review. International Journal of Sports Physiology and Performance,
15(2), 154-161. https://doi.org/10.1123/ijspp.2019-0476

Bogdanis, G. C., Tsoukos, A., Brown, L. E., Selima, E., Veligekas, P., Spengos,
K., & Terzis, G. (2018). Muscle Fiber and Performance Changes after
Fast Eccentric Complex Training. In Medicine and Science in Sports and
Exercise (Vol. 50, Issue 4). https://doi.org/10.1249/MSS.0000000000001507

Borde, R., Hortobdgyi, T., & Granacher, U. (2015). Dose-Response
Relationships of Resistance Training in Healthy Old Adults: A Systematic
Review and Meta-Analysis. Sports Medicine, 45(12), 1693-1720.
https://doi.org/10.1007/s40279-015-0385-9

Bruseghini, P., Capelli, C., Calabria, E., Rossi, A. P., & Tam, E. (2019).
Effects of High-Intensity Interval Training and Isoinertial Training on
Leg Extensors Muscle Function, Structure, and Intermuscular Adipose
Tissue in Older Adults. Frontiers in Physiology, 10(October), 1-14.
https://doi.org/10.3389/fphys.2019.01260

Burd, N. A., Andrews, R. J., West, D. W. D,, Little, J. P., Cochran, A. J. R., Hector,
A.J.,Cashaback, J. G. A., Gibala, M. J., Potvin, J. R., Baker, S. K., & Phillips,
S. M. (2012). Muscle time under tension during resistance exercise stimulates
differential muscle protein sub-fractional synthetic responses in men. Journal
of Physiology, 590(2), 351-362. hitps://doi.org/10.1113/jphysiol.2011.221200

Cadore, E. L., Pinto, R. S., Bottaro, M., & Izquierdo, M. (2014). Strength
and endurance training prescription in healthy and frail elderly. Aging
and Disease, 5(3), 183-195. hitps://doi.org/10.14336/AD.2014.0500183

Camera, D. M., Smiles, W. J., & John, A. (2016). Author * s Accepted
Manuscript. Free Radical Biology and Medicine. https://doi.org/10.1016/j.
[freeradbiomed.2016.02.007

Campbell, T. M., & Vallis, L. A. (2014). Predicting fat-freemass
index and sarcopenia in assisted-living older adults. Age, 36(4).
https://doi.org/10.1007/s11357-014-9674-8

SPORTS TRAINING I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2022, Issue 147. 1t quarter (January-March), page 36-44

42


http://www.revista-apunts.com
https://doi.org/10.1111/j.1600-0838.2009.01084.x
https://doi.org/10.1016/j.clinbiomech.2016.09.008
https://doi.org/10.2147/JMDH.S55178
https://doi.org/10.1123/ijspp.2019-0476
https://doi.org/10.1249/MSS.0000000000001507
https://doi.org/10.1007/s40279-015-0385-9
https://doi.org/10.3389/fphys.2019.01260
https://doi.org/10.1113/jphysiol.2011.221200
https://doi.org/10.14336/AD.2014.0500183
https://doi.org/10.1016/j.freeradbiomed.2016.02.007
https://doi.org/10.1016/j.freeradbiomed.2016.02.007
https://doi.org/10.1007/s11357-014-9674-8

C.A. Yanez et al.

Cermak, N. M., Snijders, T., McKay, B. R., Parise, G., Verdijk, L. B.,
Tarnopolsky, M. A., Gibala, M. J., & Van Loon, L. J. C. (2013).
Eccentric exercise increases satellite cell content in type II muscle
fibers. Medicine and Science in Sports and Exercise, 45(2), 230-237.
https://doi.org/10.1249/MSS.0b013e318272¢cf47

Conceicdo, M. S., Vechin, F. C., Lixandrdo, M., Damas, F.,, Libardi, C. A.,
Tricoli, V., Roschel, H., Camera, D., & Ugrinowitsch, C. (2018). Muscle
Fiber Hypertrophy and Myonuclei Addition: A Systematic Review and
Meta-analysis. Medicine and Science in Sports and Exercise, 50(7),
1385-1393. https://doi.org/10.1249/MSS.0000000000001593

Douglas, J., Pearson, S., Ross, A., & McGuigan, M. (2017). Eccentric
Exercise: Physiological Characteristics and Acute Responses. Sports
Medicine, 47(4), 663-675. https://doi.org/10.1007/540279-016-0624-8

Fernandez-Argiielles, E. L., Rodriguez-Mansilla, J., Antunez, L. E.,
Garrido-Ardila, E. M., & Muiioz, R. P. (2015). Effects of dancing
on the risk of falling related factors of healthy older adults: A
systematic review. Archives of Gerontology and Geriatrics, 60(1), 1-8.
https://doi.org/10.1016/j.archger.2014.10.003

Fisher, J. P, Ravalli, S., Carlson, L., Bridgeman, L. A., Roggio, F., Scuderi,
S., Maniaci, M., Cortis, C., Fusco, A., & Musumeci, G. (2020). The
“Journal of Functional Morphology and Kinesiology” Journal Club
series: Utility and advantages of the eccentric training through the
isoinertial system. Journal of Functional Morphology and Kinesiology,
5(1). https://doi.org/10.3390/jfmk5010006

Foldvari, M., Clark, M., Laviolette, L. C., Bernstein, M. A., Kaliton, D.,
Castaneda, C., Pu, C. T., Hausdorff, J. M., Fielding, R. A., & Fiatarone
Singh, M. A. (2000). Association of muscle power with functional
status in community-dwelling elderly women. Journals of Gerontology
- Series A Biological Sciences and Medical Sciences, 55(4), 24-27.
https://doi.org/10.1093/gerona/55.4.M192

Fragala, M. S., Cadore, E. L., Dorgo, S., Izquierdo, M., Kraemer, W. J.,
Peterson, M. D., & Ryan, E. D. (2019). Resistance Training for Older
Adults: Position Statement From the National Strength and Conditioning
Association. Journal of Strength and Conditioning Research, 33(8),
2019-2052. https://doi.org/10.1519/JSC.0000000000003230

Gehlert, S., Suhr, F., Gutsche, K., Willkomm, L., Kern, J., Jacko, D., Knicker, A.,
Schiffer, T., Wackerhage, H., & Bloch, W. (2015). High force development
augments skeletal muscle signalling in resistance exercise modes equalized
for time under tension. Pflugers Archiv European Journal of Physiology,
467(6), 1343-1356. https://doi.org/10.1007/s00424-014-1579-y

Granacher, U., Gollhofer, A., Hortobagyi, T., Kressig, R. W., & Muehlbauer,
T. (2013). The importance of trunk muscle strength for balance, functional
performance, and fall prevention in seniors: A systematic review. Sports
Medicine, 43(7), 627-641. https://doi.org/10.1007/s40279-013-0041-1

Granacher, U., Lacroix, A., Muehlbauer, T., Roettger, K., & Gollhofer,
A. (2013). Effects of core instability strength training on trunk muscle
strength, spinal mobility, dynamic balance and functional mobility in older
adults. Gerontology, 59(2), 105-113. https://doi.org/10.1159/000343152

Granacher, U., Zahner, L., & Gollhofer, A. (2008). Strength, power, and
postural control in seniors: Considerations for functional adaptations
and for fall prevention. European Journal of Sport Science, 8(6), 325-
340. https://doi.org/10.1080/1746 1390802478066

Grgic, J., Garofolini, A., Orazem, J., Sabol, F., Schoenfeld, B. J., & Pedisic,
Z.(2020). Effects of Resistance Training on Muscle Size and Strength
in Very Elderly Adults: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Sports Medicine, 50(11), 1983-1999.
https://doi.org/10.1007/s40279-020-01331-7

Gschwind, Y. J., Kressig, R. W., Lacroix, A., Muehlbauer, T., Pfenninger,
B., & Granacher, U. (2013). A best practice fall prevention exercise
program to improve balance, strength / power, and psychosocial health
in older adults: Study protocol for a randomized controlled trial. BMC
Geriatrics, 13(1), 1. https://doi.org/10.1186/1471-2318-13-105

Guilhem, G., Cornu, C., & Guével, A. (2010). Adaptations neuromusculaires
et musculo-tendineuses a I’exercice excentrique isotonique et isocinétique.
Annals of Physical and Rehabilitation Medicine, 53(5), 319-341.
https://doi.org/10.1016/j.rehab.2010.04.003

Isoinertial Strength Training in Older Adults: A Systematic Review

Hedayatpour, N., & Falla, D. (2015). Physiological and Neural Adaptations to
Eccentric Exercise: Mechanisms and Considerations for Training. BioMed
Research International, 2015. https://doi.org/10.1155/2015/193741

Herzog, W., Powers, K., Johnston, K., & Duvall, M. (2015). A new
paradigm for muscle contraction. Frontiers in Physiology, 6(MAY), 1-11.
https://doi.org/10.3389/fphys.2015.00174

Hody, S., Croisier, J. L., Bury, T., Rogister, B., & Leprince, P. (2019).
Eccentric muscle contractions: Risks and benefits. In Frontiers
in Physiology (Vol. 10, Issue MAY). Frontiers Media S.A.
https://doi.org/10.3389/fphys.2019.00536

Hughes, D. C., Ellefsen, S., & Baar, K. (2018). Adaptations to endurance
and strength training. Cold Spring Harbor Perspectives in Medicine,
8(6), 1-18. https://doi.org/10.1101/cshperspect.a029769

Illera-Dominguez, V., Nuell, S., Carmona, G., Padullés, J. M., Padullés,
X., Lloret, M., Cuss6, R., Alomar, X., & Cadefau, J. A. (2018). Early
functional and morphological muscle adaptations during short-
term inertial-squat training. Frontiers in Physiology, 9(SEP), 1-12.
https://doi.org/10.3389/fphys.2018.01265

Katz, B. Y. B. (1939). The relation between force and speed in
muscular contraction. The Journal of Physiology, 96(1), 45-64.
https://doi.org/10.1113/jphysiol.1939.sp003756

Konopka, A. R., & Harber, M. P. (2014). Skeletal muscle hypertrophy after
aerobic exercise training. Exercise and Sport Sciences Reviews, 42(2),
53-61. https://doi.org/10.1249/JES.0000000000000007

Kosek, D. J., Kim, J. S., Petrella, J. K., Cross, J. M., & Bamman, M.
M. (2006). Efficacy of 3 days/wk resistance training on myofiber
hypertrophy and myogenic mechanisms in young vs. older adults.
Journal of Applied Physiology, 101(2), 531-544. https://doi.org/10.1152/
Jjapplphysiol.01474.2005

Kowalchuk, K. & Butcher, S. (2019). Eccentric overload flywheel training
in older adults. In Journal of Functional Morphology and Kinesiology
(Vol. 4, Issue 3). https://doi.org/10.3390/jfmk403006 1

Lastayo, P., Marcus, R., Dibble, L., Wong, B., & Pepper, G. (2017).
Eccentric versus traditional resistance exercise for older adult fallers
in the community : a randomized trial within a multi-component fall
reduction program. 1-11. https://doi.org/10.1186/s12877-017-0539-8

Latham N, Anderson C, Bennett D, S. C. (2009). Progressive resistance
strength training for physical disability in older people ( Review ). Cochrane
Database Syst Rev., 2. https://doi.org/10.1002/14651858.CD002759

Lee, L. H., & Park, S. Y. (2013). Balance Improvement by Strength Training
for the Elderly. 1591-1593. https://doi.org/10.1589/jpts.25.1591

Liao, C. De, Chen, H. C., Huang, S. W., & Liou, T. H. (2019). Reply to:
“Comment on the role of muscle mass gain following protein supplementation
plus exercise therapy in older adults with sarcopenia and frailty risks: A
systematic review and meta-regression analysis of randomized trials, nutrients
2019, 11, 1713 Nutrients, 11(10), 1-23.https://doi.org/10.3390/nul 1102420

Lienhard, K., Lauermann, S. P., Schneider, D., Item-Glatthorn, J. F., Casartelli, N.
C., & Maffiuletti, N. A. (2013). Validity and reliability of isometric, isokinetic
and isoinertial modalities for the assessment of quadriceps muscle strength
in patients with total knee arthroplasty. Journal of Electromyography and
Kinesiology, 23(6), 1283-1288. https://doi.org/10.1016/j jelekin.2013.09.004

Lohne-Seiler, H., Torstveit, M. K., & Anderssen, S. A. (2013). Traditional
versus functional strength training: Effects on muscle strength and power
in the elderly. Journal of Aging and Physical Activity, 21(1), 51-70.
https://doi.org/10.1123/japa.21.1.51

Maroto-Izquierdo, S., Garcia-Lépez, D., & De Paz, J. A. (2017). Functional
and Muscle-Size Effects of Flywheel Resistance Training with Eccentric-
Overload in Professional Handball Players. Journal of Human Kinetics,
60(1), 133-143. https://doi.org/10.1515/hukin-2017-0096

Meylan, C., Cronin, J., & Nosaka, K. (2008). Isoinertial assessment of
eccentric muscular strenght. Strenght Cond J, 30(2), 56-64.

Mitchell, W. K., Williams, J., Atherton, P., Larvin, M., Lund, J., & Narici,
M. (2012). Sarcopenia, dynapenia, and the impact of advancing age on
human skeletal muscle size and strength; a quantitative review. Frontiers
in Physiology, 3 JUL(July), 1-18. https://doi.org/10.3389/fphys.2012.00260

SPORTS TRAINING I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2022, Issue 147. 18t quarter (January-March), page 36-44

43


http://www.revista-apunts.com
https://doi.org/10.1249/MSS.0b013e318272cf47
https://doi.org/10.1249/MSS.0000000000001593
https://doi.org/10.1007/s40279-016-0624-8
https://doi.org/10.1016/j.archger.2014.10.003
https://doi.org/10.3390/jfmk5010006
https://doi.org/10.1093/gerona/55.4.M192
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1007/s00424-014-1579-y
https://doi.org/10.1007/s40279-013-0041-1
https://doi.org/10.1159/000343152
https://doi.org/10.1080/17461390802478066
https://doi.org/10.1007/s40279-020-01331-7
https://doi.org/10.1186/1471-2318-13-105
https://doi.org/10.1016/j.rehab.2010.04.003
https://doi.org/10.1155/2015/193741
https://doi.org/10.3389/fphys.2015.00174
https://doi.org/10.3389/fphys.2019.00536
https://doi.org/10.1101/cshperspect.a029769
https://doi.org/10.3389/fphys.2018.01265
https://doi.org/10.1113/jphysiol.1939.sp003756
https://doi.org/10.1249/JES.0000000000000007
https://doi.org/10.1152/japplphysiol.01474.2005
https://doi.org/10.1152/japplphysiol.01474.2005
https://doi.org/10.3390/jfmk4030061
https://doi.org/10.1186/s12877-017-0539-8
https://doi.org/10.1002/14651858.CD002759
https://doi.org/10.1589/jpts.25.1591
https://doi.org/10.3390/nu11102420
https://doi.org/10.1016/j.jelekin.2013.09.004
https://doi.org/10.1123/japa.21.1.51
https://doi.org/10.1515/hukin-2017-0096
https://doi.org/10.3389/fphys.2012.00260

C.A. Yanez et al.

Newman, A. B., Kupelian, V., Visser, M., Simonsick, E. M., Goodpaster,
B. H., Kritchevsky, S. B., Tylavsky, F. A., Rubin, S. M., & Harris, T.
B. (2006). Strength, but not muscle mass, is associated with mortality
in the health, aging and body composition study cohort. Journals of
Gerontology - Series A Biological Sciences and Medical Sciences,
61(1), 72-717. https://doi.org/10.1093/gerona/61.1.72

Norrbrand, L., Pozzo, M., & Tesch, P. A. (2010). Flywheel resistance
training calls for greater eccentric muscle activation than weight
training. European Journal of Applied Physiology, 110(5), 997-1005.
https://doi.org/10.1007/s00421-010-1575-7

Nuiiez, F. J., Santalla, A., Carrasquila, I., Asian, J. A, Reina, J. 1., &
Suarez-Arrones, L. J. (2018). The effects of unilateral and bilateral
eccentric overload training on hypertrophy, muscle power and COD
performance, and its determinants, in team sport players. PLoS ONE,
13(3). https://doi.org/10.1371/journal.pone.0193841

Onambélé, G. L., Maganaris, C. N., Mian, O. S., Tam, E., Rejc, E., McEwan, I.
M., & Narici, M. V. (2008). Neuromuscular and balance responses to flywheel
inertial versus weight training in older persons. Journal of Biomechanics,
41(15), 3133-3138. https://doi.org/10.1016/j.jbiomech.2008.09.004

Papa, E. V., Dong, X., & Hassan, M. (2017). Resistance training for
activity limitations in older adults with skeletal muscle function deficits:
A systematic review. Clinical Interventions in Aging, 12, 955-961.
https://doi.org/10.2147/CIA.S104674

Papadopoulou, S. K. (2020). Sarcopenia: A contemporary health problem
among older adult populations. Nutrients, 12(5). https://doi.org/10.3390/
nul2051293

Pareja-Blanco, F., Rodriguez-Rosell, D., Sdnchez-Medina, L., Gorostiaga,
E. M., & Gonzilez-Badillo, J. J. (2014). Effect of movement
velocity during resistance training on neuromuscular performance.
International Journal of Sports Medicine, 35(11), 916-924.
https://doi.org/10.1055/5-0033-1363985

Petré, H., Wernstal, F., & Mattsson, C. M. (2018). Effects of Flywheel
Training on Strength-Related Variables: a Meta-analysis. Sports Medicine
- Open, 4(1). https://doi.org/10.1186/540798-018-0169-5

Remaud, A., Cornu, C., & Guével, A. (2010). Neuromuscular adaptations
to 8-week strength training: Isotonic versus isokinetic mode. European
Journal of Applied Physiology, 108(1), 59-69. https://doi.org/10.1007/
500421-009-1164-9

Russ, D. W., Gregg-Cornell, K., Conaway, M. J., & Clark, B. C.
(2012). Evolving concepts on the age-related changes in “muscle
quality.” Journal of Cachexia, Sarcopenia and Muscle, 3(2), 95-109.
https://doi.org/10.1007/s13539-011-0054-2

Sénchez-Moreno, M., Rodriguez-Rosell, D., Pareja-Blanco, F., Mora-Custodio,
R., & Gonzidlez-Badillo, J. J. (2017). Movement velocity as indicator of
relative intensity and level of effort attained during the set in pull-up exercise.
International Journal of Sports Physiology and Performance, 12(10), 1378-
1384. https://doi.org/10.1123/ijspp.2016-0791

Sanudo, B., Gonzalez-Navarrete, A., AlvareZ—Barbosa, F., de Hoyo, M., Del
Pozo, J., & Rogers, M. E. (2019). Effect of flywheel resistance training
on balance performance in older adults. A randomized controlled trial.
Journal of Sports Science and Medicine, 18(2), 344-350.

Schoenfeld, B. J., Grgic, J., Ogborn, D., & Krieger, J. W. (2017). Strength
and Hypertrophy Adaptations Between Low- vs. High-Load Resistance
Training. Journal of Strength and Conditioning Research, 31(12), 3508-
3523. https://doi.org/10.1519/jsc.0000000000002200

Shafiee, G., Keshtkar, A., Soltani, A., Ahadi, Z., Larijani, B., & Heshmat,
R. (2017). Prevalence of sarcopenia in the world: A systematic review
and meta- analysis of general population studies. Journal of Diabetes and
Metabolic Disorders, 16(1), 1-10. https://doi.org/10.1186/540200-017-0302-x

Sola-Serrabou, M., Lépez, J. L., & Valero, O. (2019). Effectiveness of training in
the elderly and its impact on health-related quality of life. Apunts Educacion
Fisica'y Deportes, 137,30-42. https://doi.org/10.5672/apunts.2014-0983.
es.(2019/3).137.03

Conflict of Interests: No conflict of interest was reported by the authors.

Isoinertial Strength Training in Older Adults: A Systematic Review

Stewart, V. H., Saunders, D. H., & Greig, C. A. (2014). Responsiveness
of muscle size and strength to physical training in very elderly people:
A systematic review. Scandinavian Journal of Medicine and Science in
Sports, 24(1), 1-10. https://doi.org/10.1111/sms.12123

Strasser, B., Volaklis, K., Fuchs, D., & Burtscher, M. (2018). Role of
Dietary Protein and Muscular Fitness on Longevity and Aging. Aging
Dis., 9(1), 119-132. https://doi.org/10.14336/AD.2017.0202

Suchomel, T. J., Wagle, J. P., Douglas, J., Taber, C. B., Harden, M.,
Gregory Haff, G., & Stone, M. H. (2019). Implementing eccentric
resistance training—Part 1: A brief review of existing methods.
Journal of Functional Morphology and Kinesiology, 4(2), 1-25.
https://doi.org/10.3390/jfmk4020038

Tesch, P. A., Fernandez-Gonzalo, R., & Lundberg, T. R. (2017). Clinical
applications of iso-inertial, eccentric-overload (YoYo™) resistance exercise.
Frontiers in Physiology, 8(APR). https://doi.org/10.3389/fphys.2017.00241

Ticinesi, A., Nouvenne, A., Cerundolo, N., Catania, P., Prati, B., Tana, C.,
& Meschi, T. (2019). Gut Microbiota, Muscle Mass and Function in
Aging : A Focus on Physical Frailty and Sarcopenia. 1-21.

Tous-Fajardo, J., Gonzalo-Skok, O., Arjol-Serrano, J. L., & Tesch, P.
(2016). Enhancing change-of-direction speed in soccer players by
functional inertial eccentric overload and vibration training. International
Journal of Sports Physiology and Performance, 11(1), 66-73.
https://doi.org/10.1123/ijspp.2015-0010

U.S. Census Bureau. International database. (2015). Tables.
https://www.census.gov/data/tables.html

Unhjem, R., Lundestad, R., Fimland, M. S., Mosti, M. P, & Wang, E. (2015).
Strength training-induced responses in older adults: attenuation of descending
neural drive with age. Age, 37(3). https://doi.org/10.1007/511357-015-9784-y

Vandervoort, A. A. (2002). Aging of the human neuromuscular system.
Muscle and Nerve, 25(1), 17-25. https://doi.org/10.1002/mus. 1215

Voet, N. B. M., van der Kooi, E. L., van Engelen, B. G. M., & Geurts,
A. C. H. (2019). Strength training and aerobic exercise training for
muscle disease. Cochrane Database of Systematic Reviews, 2019(12).
https://doi.org/10.1002/14651858.CD003907.pub5

Walker, S., Blazevich, A. J., Haff, G. G., Tufano, J. J., Newton, R. U., &
Hikkinen, K. (2016). Greater Strength Gains after Training with Accentuated
Eccentric than Traditional Isoinertial Loads in Already Strength-Trained
Men. 7(April), 1-12. https://doi.org/10.3389/fphys.2016.00149

Walston, J. D. (2012). Sarcopenia in older adults. Current Opinion
in Rheumatology, 24(6), 623-627. https://doi.org/10.1097/
BOR.0b013e328358d59b

Wonders, J. (2019). Flywheel Training in Musculoskeletal Rehabilitation: a
Clinical Commentary. International Journal of Sports Physical Therapy,
14(6), 994-1000. https://doi.org/10.26603/ijspt20190994

Yamada, A. K., Verlengia, R., & Bueno Junior, C. R. (2012).
Mechanotransduction pathways in skeletal muscle hypertrophy.
Journal of Receptors and Signal Transduction, 32(1), 42-44.
https://doi.org/10.3109/10799893.2011.641978

Zeng, P, Han, Y., Pang, J., Wu, S., Gong, H., Zhu, J., Li, J., & Zhang, T.
(2016). Sarcopenia-related features and factors associated with lower
muscle strength and physical performance in older Chinese: A cross
sectional study Physical functioning, physical health and activity. BMC
Geriatrics, 16(1). https://doi.org/10.1186/512877-016-0220-7Zeng, P.,
Han, Y., Pang, J., Wu, S., Gong, H., Zhu, J., Li, J., & Zhang, T. (2016).
Sarcopenia-related features and factors associated with lower muscle
strength and physical performance in older Chinese: A cross sectional
study Physical functioning, physical health and activity. BMC Geriatrics,
16(1). https://doi.org/10.1186/s12877-016-0220-7

99020

© Copyright Generalitat de Catalunya (INEFC). This article is available from url https://www.revista-apunts.com/en/. This work is licensed under a Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. The images or other third party material in this article are included in the
article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, users will
need to obtain permission from the license holder to reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/

SPORTS TRAINING I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2022, Issue 147. 18t quarter (January-March), page 36-44

44


http://www.revista-apunts.com
https://doi.org/10.1093/gerona/61.1.72
https://doi.org/10.1007/s00421-010-1575-7
https://doi.org/10.1371/journal.pone.0193841
https://doi.org/10.1016/j.jbiomech.2008.09.004
https://doi.org/10.2147/CIA.S104674
https://doi.org/10.3390/nu12051293
https://doi.org/10.3390/nu12051293
https://doi.org/10.1055/s-0033-1363985
https://doi.org/10.1186/s40798-018-0169-5
https://doi.org/10.1007/s00421-009-1164-9
https://doi.org/10.1007/s00421-009-1164-9
https://doi.org/10.1007/s13539-011-0054-2
https://doi.org/10.1123/ijspp.2016-0791
https://doi.org/10.1519/jsc.0000000000002200
https://doi.org/10.1186/s40200-017-0302-x
https://doi.org/10.5672/apunts.2014-0983.es.(2019/3).137.03
https://doi.org/10.5672/apunts.2014-0983.es.(2019/3).137.03
https://doi.org/10.1111/sms.12123
https://doi.org/10.14336/AD.2017.0202
https://doi.org/10.3390/jfmk4020038
https://doi.org/10.3389/fphys.2017.00241
https://doi.org/10.1123/ijspp.2015-0010
https://www.census.gov/data/tables.html
https://doi.org/10.1007/s11357-015-9784-y
https://doi.org/10.1002/mus.1215
https://doi.org/10.1002/14651858.CD003907.pub5
https://doi.org/10.3389/fphys.2016.00149
https://doi.org/10.1097/BOR.0b013e328358d59b
https://doi.org/10.1097/BOR.0b013e328358d59b
https://doi.org/10.26603/ijspt20190994
https://doi.org/10.3109/10799893.2011.641978
https://doi.org/10.1186/s12877-016-0220-7
https://doi.org/10.1186/s12877-016-0220-7
https://www.revista-apunts.com/en
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

