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Abstract

Introduction: The world population ages rapidly, understanding the anatomo-functional changes of the
muscle allows the implementation of effective actions in this age group. The objective of this work was
to identify, through a review of scientific literature, the current advances in the molecular processes
related to the loss of muscle mass induced by aging. Materials and Methods: The molecular causes of
muscle mass loss induced by aging were reviewed through scientific articles from 2006 to 2016 on
the Pubmed, Scielo and PEDro databases, combining the terms muscular aging, exercise and physical
therapy. Results: Three sections were determined: 1) sarcopenia and aging, 2) molecular pathways
of muscle mass loss induced by aging and 3) aging, exercise and functionality. Conclusion: Knowing
the molecular basis of muscle mass loss induced by aging allows the physiotherapist to understand,
evaluate and intervene related mechanisms to perform actions that improve the functionality and
quality of life of older adults.

Keywords: Aging, exercise, physical therapy.

Resumen
Introduccion: la poblacion mundial envejece rdpidamente y comprender los cambios anatomo-
funcionales del musculo permite implementar acciones eficaces en este grupo etario. El objetivo de este
trabajo fue identificar, por medio de una revisién de literatura cientifica, los avances actuales de los
procesos moleculares relacionados con la pérdida de masa muscular inducida por el envejecimiento.
Materiales y métodos: se revisaron las causas moleculares de la pérdida de masa muscular inducida por
el envejecimiento, mediante articulos cientificos publicados desde 2006 hasta 2016 en las bases Pubmed,
Scielo y PEDro, combinando los términos: muscular aging, exercise y physical therapy. Resultados: se
determinaron tres apartados: 1) sarcopenia y envejecimiento, 2) vias moleculares de la pérdida de masa
muscular inducida por el envejecimiento y 3) envejecimiento, ejercicio y funcionalidad. Conclusion:
conocer las bases moleculares de la pérdida de masa muscular inducida por el envejecimiento permite
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al fisioterapeuta entender, evaluar e intervenir los mecanismos relacionados para realizar acciones que
mejoren la funcionalidad y calidad de vida de los adultos mayores.

Palabras clave: envejecimiento, ejercicio, fisioterapia.

Resumo

Introducdo: a populacdo mundial envelhece rapidamente e compreender as mudancas andtomo-
funcionais do musculo, permite implementar acdes eficazes neste grupo etério. O objetivo deste trabalho
foiidentificar através de uma revisdo de literatura cientifica, os avancos atuais dos processos moleculares
relacionado com a perda de massa muscular induzida pelo envelhecimento. Materiais e métodos: se
revisaram as causas moleculares da perda de massa muscular induzida pelo envelhecimento, mediante
artigos cientpificos desde 2006 até 2016 nas bases Pubmed, Scielo e PEDro, combinando os termos:
muscular aging, exercise e physical therapy. Resultados: determinaram-se trés apartados: 1) Sarcopenia
e envelhecimento, 2) Vias moleculares da perda de massa muscular induzida pelo envelhecimento,
e 3) Envelhecimento, exercicio e funcionalidade. Conclusdo: conhecer as bases moleculares da perda
de massa muscular induzida pelo envelhecimento, permite ao fisioterapeuta compreender, avaliar e
intervir os mecanismos relacionados para realizar a¢des que melhorem a funcionalidade e qualidade
de vida dos adultos maiores.

Palavras-chave: envelhecimento, exercicio, fisioterapia.

Introduction

I

n recent years, decoding the genetic code and the sequencing the human genoma have

enabled the emergence of methods from the molecular biology in order to deepen
knowledge of the structure and functioning of human tissues from genesis to aging
(1). World population is ageing fast, understanding the associated morphologic, physiologic,
psychologic and functional changes is a relevant aim for copying with the biomedical and
social demands of this age group. One of the alterations that affect quality of life (qr) is
the loss of the muscle tissue induced by aging (muscle atrophy) with its subsequent loss of
strength (called sarcopenia —sp-), present by the age of 55 years old, when the loss of muscle
mass can reach older ages, with highly critical muscle losses (2).

In order to understand the molecular mechanisms responsible of the muscle atrophy, it
would be started by the meaning that derives from the Greek atrophos that expresses “without
nutrition”, which is a very organized and regulated process that ends in the drop of the muscle
protein content reflected in the decrease of the area of the transverse muscle, regardless
the possible causes that can lead to this condition (3). Usually, in the clinical care attention is
payed to the muscle in different physical capacities, but sometimes it is not dimensioned what
the muscle mass for the general health means. Therefore, the physiotherapist, as a member of
the health care staff, should evaluate and analyze the amount of muscle present in a subject
and its direct/indirect association with different diseases, a fact that has started to be
considered under the light of other aspects by reason of the relationships it has with certain
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pathologies where the muscles are controllers of the homeostasis (4). By the seventh and
eight decade, the maximum contractile force decreases between 20 % and 40 %, with multiple
factors leading to produce sp, as it is the case of the loss of skeletal muscle fibers secondary
to the reduction of active motoneurons, low levels of physical activity, hormone changes,
decrease of the total intake of calories and proteins, increase of the inflammatory mediators
and factors that lead to an altered synthesis of proteins, among others. SP prevalence can
extend from 30% for > 60 years old and can increase as the percentage grows (5). There
is also a relation between the muscle changes that negatively affect in the production of
impact strength and the secretion of myokines in the bone (6). Changes in the bone include
the decrease of the cellularity of the periosteum, loss of the osteocytes of the bone matrix,
bone marrow fat infiltration, and periosteal response dimmed to the growing factors and
to the parathyroid hormone (6, 7).

Therefore, the aim of this article is to review the present literature on the molecular pro-
cessesrelated to the loss of muscle mass induced by aging, as well as its impact on the human
body movement (u8m). From this approach, a contribution to appropriating knowledge that
promotes effective interventions through exercise is aimed at, thus promoting the increase
of knowledge on physiotherapy.

Materials and Methods

review of the literature on the molecular causes of the loss of muscle mass induced by
Aaging, as well as on its main implications on the uem was conducted. Scientific articles
in English and Spanish on the matter published between 2006 and 2016 in the databases
Pubmed, Scielo and PEDro were selected and reviewed. The search was carried out
combining with the boolean anp operator the terms ‘muscle aging’, ‘exercise’ and ‘physical
therapy’.

The search strategy was focused in key elements like population (older adults), study
design (controlled randomized, quasi-experimental, cross-sectional, cohort studies), observed
outcomes (presence of muscle atrophy, sarcopenia), and the conducted intervention (exercise
and functionality training). Publications with no description of the state of health or of the
intervention, with no specific clarity of the outcomes on population, and interventions
targeted at a population with a certain concomitant pathology or publications on young
adults, adolescent and children were excluded from the analysis.

The analysis was complemented with other electronic sources and books related to the
issue to be developed. Information was systematized, thus allowing three parts: 1) aging
and sarcopenia, 2) molecular pathways of the loss of muscle mass induced by aging, and 3)
aging, exercise and functionality.
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Results

Aging and Sarcopenia

Population aging is one of the major achievements of mankind, but it is also highlighted
as one of the biggest challenges to confront. In this sense, the modern gerontologic studies
started in North America in 1941, where Nathan Sock was pioneer by conducting the first
researches on aging. Gerontology studies aging in all aspects, from the molecular biology to
the socioeconomic analysis or the consequences of retirement; of which geriatrics derives,
being this a young science oriented to the preventive, therapeutic and social aspects of the
elder in health or in disease situation (8).

By understanding these two postulates, it can be also understood that old age is not a
disease but a natural biological process that can make the subject more fragile and susceptible
to suffering diverse health complications. Physiologic aging implies morphological changes
(it affects cells, organs and tissues), changes in the functioning of all body systems, loss of
the ability to adapt to stress situations and to recover. Therefore, it is considered a univer-
sal, unavoidable and irreversible process in which affectation in the body systems (i. e., the
muscular system), in the body composition and in the functioning of organs is produced.

From this perspective, the detriment of the skeletal muscle function associated with age
is defined as dynapenia (dyna refers to “power”, “force”, and penia refers to “poverty”, and is
characterized by muscle weakness subsequent to SP (9-11). Functional compromise is expressed
in quantitative terms in changes in the metabolic index, increase in the insulin resistance, drop
of the glucose tolerance, loss of bone mass, decrease of the cardiocirculatory response, and in-
crease of the fat mass, among others. From the physiological standpoint, SP can be produced by
the decrease of contractile muscle elements, by the reduction of the total number of myofibriles
(10% at the age of 50 years old and above), decrease of the size of the type II muscle fibers, as
well as by a loss of motor units (12).

In relation to the myofibrillar reduction, it starts about the age of 25 years old and by
80 years old, at an older age, at an annual average between 8 and 10 %. Until the age of 30
years old, strength is preserved, between the ages of 30 and 50 years old it starts to decrease
about 15 %, and after this age, it loses each decade in 30 %. In addition to this, the fractional
synthesis speed (rss) of the molecular proteins (sarcoplasmic structures, the heavy myosin
chain (amc), and actin) decreases gradually in elder people. The rss of the umc is lower in the
elderly. The rss of the umc s lower in older adults, while the rss of the sarcoplasmic proteins
does not deteriorate; besides, with age there is loss in the muscle strength and it correlates
with a drop in the rss of the molecular proteins (4).

Moreover, there are determining factors such as changes in the central nervous system
(cns), dysfunction of the peripheral nerve, alterations in the structure and function of the
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neuromuscular junction, fatinfiltration, cellular and molecular modifications of the muscle
fibers that limit the production of muscle strength and power. There is also a reduction of
the satellite cells (responsible of regeneration), loss of excitability (decrease of the recep-
tors), decline of the myosin protein content (reduction of the number of cross-bondings and
of the maximum strength previous to the failure), rigidity (elasticity reduction), physical
inactivity (affecting type I fibers), loss of mitochondrial content and function, and comor-
bidities such as cancer, diabetes and type II chronic heart failure (13, 14).

that It has been also established that lipofuscin (pigment associated with age) and fat
settle in the muscle and the loss muscle tissue is then replaced by hard fibrous tissue, which
is more noticeable in the hands, that look skinny and bony. Changes in the muscle tissue,
combined with the changes in the cns make that the muscles have less tone and less ability
to contract (15). Although the adult skeletal muscle is composed of totally differentiated
fibers, it preserves the ability to regenerate as a response to an injury and to modify its
contractile and metabolic properties; thanks to satellite cells residing in between the basal
lamina and the plasmalemma, that are swiftly activated as a response to the appropriate
stimuli. However, under pathologic conditions or during the aging process, regeneration
can be prevented by the formation of fibrotic tissue that result in the functional muscle
damage (16, 17).

Additionally, there are hormonal, metabolic, nutritional, immunological and molecu-
lar factors contributing to sp. Serum levels of testosterone and adrenal androgens decline
with aging. These hormones inhibit the production of interleukins 1 and 6, causing an
indirect catabolic muscle effect. Menopause is associated with the reduction of the cir-
culating levels of 17-3-estradiol, additionally, the decrease of the muscle performance
during menopause appears with the reduction of the production of ovarian hormones. On
the other hand, the levels of the growth hormone (cu) and of the insulin growth factor I
(1cr-1) decline with age. The secretion of the gu from the pituitary stimulates the peripheral
secretion of “systemic” icr-1, thus stimulating the growth of new muscle tissue, however,
this production is lower in obese individuals, indicating that fat might be a confounding
factor in the relation between the reduction of the cu levels and sarcopenia (18).

Altogether, according to the 2010 report of the European Working Group on Sarcopenia
in Older People, criteria for the diagnosis of sp are based on identifying the decrease of muscle
mass, of muscle strength and endurance. In order to confirm the diagnosis, two of the three
characteristics must be met; however, it should be determined if the presence of sp in the
subjectis due to age as primary cause, or secondary to inactivity (bed rest, a sedentary lifestyle,
lack of fitness, or conditions of zero gravity), secondary to a disease (inflammatory disease,
malignancy, endocrine disease, or associated to advanced organic failure in kidneys, heart,
lungs and/or brain), or secondary to nutrition (inadequate diet intake of energy and/or protein,
malabsorption, gastrointestinal disorders or the use of medication that causes anorexia) (19).
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Thus the importance of knowing the molecular pathways that cause SP as a marker of the
body’s aging process.

Molecular Pathways of the Loss of Muscle Mass Induced by Aging

There are various molecular pathways related to the loss of molecular mass induced by
aging. One of the most known is related to the cell damage implied in the production of free
radicals (rr) or of reactive oxygen species (ros), very much associated to the oxidative stress;
for this reason itis one of the causes of the progressive metabolic deterioration. rr are highly
reactive with an unpaired electron and a short half-life, whose accumulation causes damage
to the structural lipids, proteins and pna.

Oxygen (0,) is useful for life in most living beings (acts in the mitochondrial respiration), it
can accept four electrons, giving rise to a water molecule, however, when reduction is partial,
derivative reactive species are generated, thus producing the radical superoxide (O,-) which
can give rise to hydrogen peroxide (H,0,) and to the radical hydroxyl (o), the most toxic of
all. The term rr refers to any molecule or atom containing at least one unpaired electron, very
reactive to other molecules, conferring instability and a very short half-life. In this line, the
radical superoxide or the radical hydroxyl are free radicals, while hydrogen peroxide is not.
Therefore, in a more correct way, they are called reactive oxygen species (ros); although there
are also species reactive to nitrogen (rns) derivative of the nitric oxide. Since there are no repa-
ration systems, these oxidized proteins must be degraded. When the degradation systems, such
as the proteasome, are not able to remove properly, either because of their excessive number
or because of the deterioration of the proteasome, the oxidized proteins build up inside the
cell, producing toxicity or cell death (20).

For its part, the potential consequences of the damaged induced by ros include alterations
in the fundamental processes such as apn replication, disruption of the protein secondary
and tertiary structures, and alterations in the integrity and permeability of the membranes.
The muscle production of rr accelerates with age due to a declination in the mitochondrial
function and an increase in the electron displacement towards the transport chain, thus
generating the mitochondrial production of ros. Since the mitochondria is the main source
of ros, it is susceptible to oxidative damage and to the subsequent dysfunction, creating a
vicious circle in which the ros mitochondrial production develops into oxidative damage,
mitochondrial dysfunction (inefficient energy production and in the involvement of the
muscle function), thus causing reduction in the muscle function (contractile dysfunction,
regulatory changes, and muscle protein degradation) (19).

Other possible causes related to muscle aging are the mitochondrial dysfunction and
the accumulation of damaged mitochondria (21). In animal models, mitofusin 2 (Mfn2)
plays a key role in mitochondrial muscle damage control, since in the aging process there is
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a progressive Mfn2 reduction in the skeletal muscle of the mice, besides, the Mfn2 ablation
produces a gene mark of aging. Additionally, the analysis with mice deficient in muscle Mfn2
showed that this condition lies behind alterations related to metabolic homeostasis and SP
(2). Mfn2 deficiency reduced here autophagy and damaged the mitochondrial quality, thus
leading to an exacerbated mitochondrial dysfunction. Curiously, Mfn2 deficiency induced by
aging provokes an adaptative signal pathway dependent on ros trough the induction of HIF1a
and BNIP3 transcription factor that compensates for the loss of mitochondrial autophagy
and minimizes mitochondrial damage (2).

The lack of Mfn2 predisposes mice to suffer glucose intolerance and insulin resistance
(previous stages to type II diabetes). Beside this metabolic role, it was proved that Mfn2 is
involved in autophagy and in the quality control of mitochondria (22-24). The drop of Mfn2
during aging causes reduction of autophagy and mitophagy, thus contributing to a failure
in the function of the mitochondrial recycling process and to a build-up of mitochondria
in bad condition. These mitochondria present a deficit in their breathing capacity, a lower
oxidative metabolism and increase of the oxidative stress, all associated to the build-up of
damaged mitochondria that serve as a signal for the stabilization of the HIF1a transcrip-
tion factor that activates the expression of the snip3 protein. This protein is involved in the
mitophagy or specific mitochondria degradation through autophagy (25).

According to Bujak, in 2015, the protein kinase activated by amp (ampk) accelerates
autophagy, butits role in aging and in the muscle function induced by fasting is not known in
great depth. Fasting mice that have no amp (ampk-Mko) skeletal muscle develop hypoglycemia
and hyperketosis. This is not due to the defective oxidation of the fatty oils, but to a blockage
of the proteolysis that leads to a reduction of the circulating levels of alanine (an amino
acid essential to gluconeogenesis). The markers of the muscle autophagy, including the
Ulk1, Ser555 and Ser757 phosphorylation and the rrp-L3 aggregation are deteriorated. In
consequence, with the autophagy alteration, the old ampk-mMko mice present a significant
myopathy, characterized by reduction of the muscle function, mitochondrial disease, and
accumulation of protein autophagy. This corroborates the critical role for the autophagy
played by the skeletal muscle ampx in the preservation of the blood glucose levels during a
long-lasting fasting, as well as in maintaining the muscle integrity and the mitochondrial
function during aging (26).

DeRuisseau in 2013 proved that the increase of the concentration of non-heme iron
(nH1) observed in the skeletal muscle of old mice contributes to the development of SP. The
highest N1 concentration in old age was consistent with the effects of the concentration of
the muscle atrophy and the reduction of the heme iron levels, with no changes in the total
iron content in the muscle (27). In 2015, Wang demonstrated the modifications in the pheno-
type of the myeloid cells that can influence the changes associated to old age in the muscle
structure. They proved that muscle aging is associated to the increase of M2a macrophage
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anti-inflammatories that can increase muscle fibrosis (28). On his part, Du, in 2014, using
analysis with micro-ray analysis, discovered that SP is associated to the increase of ARNm of
the CCN1 cell matrix protein. ARNm of CCN1 regulates an increase of up to 113 times in old
rats vs. young rats. When the muscle progenitor cells (mpc) were treated with recombinant
CCN1, the muscle cell proliferation dropped. Curiously, it was found that the CCN1 made
the p53, p16Ink4A and the pRP protein (hypophosphorilated retinoblastoma protein) levels
grow, a fact that can stop cellular growth in mec (29).

Both the skeletal muscle and the bone marrow contain myogenic stem cells (30-34).
The population that lies in the muscles is heterogeneous, but their number dominate the
typical satellite cells (vpc that migrate from the somites during the embryonic life). Another
population is a group of multipotent mpc derivative of the bone marrow which are traced
back by a gradient of growth factors released from the muscle during an injury or when
exercising. Cells derivative from the bone marrow change their phenotype gradually,
becoming muscle stem cells and can possibly reach the cell position and the Pax7 protein
expression. The mesenchymal stem cells directly isolated from the bone marrow show also
myogenic potential (35).

It has been proved that the satellite cells are heterogenous and that the subpopulations
of these cells are able to carry out asymmetric divisions to produce myogenic progenitors or
symmetric divisions to expand the collection of satellite cells. Therefore, a balance between
extrinsic and intrinsic signals is necessary to control the progression and cell destiny deter-
mination cycle. Regulation shortcomings, as it can be observed in the degenerative conditions
such as aging, can be harmful for the muscle regeneration (36, 37). Recent studies on biology
of the skeletal muscle and the satellite cells in aging have established a critical impact of the
systemic factors and of the functionality of the stem cells, whose capacity to regenerate and
increase their regenerative potential when it is exposed to a favorable young environment
(38-40) is detectable.

On the other hand, in 2012, Ramirez exposed that the tumoral necrosis factor a (Inr
a) is a relevant mediator in the atrophy induced by aging. T~F a is a sarcoactive cytokine,
associated to the inflammatory response and the muscle adaptation process. It is produced
by monocytes, macrophages and B and T lymphocytes, and muscle cells. Studies in humans
showed that the high T~F a concentration has a catabolic effect in systemic conditions, such
as aging. In mice, the T~r a intramuscular injection produces degradation of myoproteins and
inhibition of muscle differentiation, where the role of this cytokine suggests muscle atrophy.
The catabolic effect of T~r a seems to be mediated by the nuclear factor kappa 36 and mitogen
activated protein kinases pathways. The created proinflammatory stimulus produces the
nuclear translocation of p65 (family member of the NFkB transcription factors), increases
the expression of MuRF1, a protein involved in the balance of the titine and therefore in
the organization of the sarcomere. Also, the increase of concentration of Tnr a activates the
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p38, kinase protein activated by mitogens (p38mark) that produces a rise in the expression
of atrogin 1 (protein present in the muscle atrophy) (3, 41).

Recently, the genetic determination has allowed the association of the drop of mus-
cle mass and the muscle strength in older people, these two risk phenotypes are widely
recognized and studied in the sp, with a heritability ranging from 30 to 85 % for muscle
strength, and from 45 to 90 % for muscle mass. It is well known that the development and
maintenance of muscle mass in the first adult age reduces the risk of developing SP and
leads to a healthy aging. For this reason, it seems to be important to identify which genetic
factors interact with aging and specifically with the musculoskeletal response to exercise
in those individuals (42-44).

Therefore, it is necessary to determine the molecular causes and consequences of sp. The
present analysis and evaluation methods aim at determining with greater accuracy which
variable (muscle mass, muscle strength or muscular endurance) does influence sp. In order to
evaluate muscle mass, the use of anthropometry, computerized axial tomography, magnetic
resonance, bioimpedance and dual x-ray absorptiometry is suggested. For measuring the
muscle strength, manual dynamometry, measurements of total or partial body potassium
vs. non-fatty soft tissue, knee flexion/extension, and maximum expiration flow are applied.
To assess the muscle endurance, the short version of the questionnaire on physical perfor-
mance, the stand up and walk test, the climbing stairs endurance test, and the programed
raising and lowering test are used (19).

All these tests provide general and useful guidance for the physiotherapist when inter-
preting the involvement caused by sp, thus making it possible to implement the intervention
strategy with the most suitable parameters according to the specific needs of the individual.
The interventions based on the best available evidence of the appropriate prescription of
the exercise, that is monitored and oriented by this professional, are derived from a deep
analysis of the obtained results.

Aging, Exercise, and Functionality

For the physiotherapist, to understand and intervene the existent relation between aging
and functionality is one of the main purposes that underlie his/her knowledge of the uam.
The project “El papel de la fisioterpia en la atencidn de las personas de la tercera edad” (The
Role of the Physiotherapist Attending the Elderly) developed by the World Confederation
for Physical Therapy together with the World Health Organization, recognizes the need
of this professional to provide an effective physiotherapy service to the elderly based in
knowledge and the techniques related to prevention and treatment of movement disorders
that older people, with a clear understanding of the psychologic, social and environmental
consequences of the aging process (45).
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Primary aging is the progressive and unavoidable process characterized by the
deterioration of the body and the skeletal muscle, it causes energetic mitochondrial
deficiencies and reduces muscle mass. Secondary aging refers to structural and functional
changes caused by age, diseases and lifestyle. Secondary aging can exacerbate the deficits
in the mitochondrial function and the muscle mass, leading to insulin resistance. Practicing
exercise counteracts the damaging effects of secondary aging, preventing the decrease of
the mitochondrial breathing, mitigating muscle aging and increasing insulin sensitivity (46).
The skeletal muscle is a dynamic tissue with a noticeable capacity to respond continuously
to imposed stimuli (such as exercise) and, although scientific efforts have been made to
better understand the underlying mechanism that controls the regeneration of the skeletal
muscle, there has been poor impact on the clinical approaches used to treat muscle injuries
and aging (47).

For the independence in developing Ea it is indispensable to practice exercise to
maintain adequate muscle mass and strength (48). The skeletal muscle undergoes important
changes with age and SP has relevant metabolic repercussions that should be tempered
(48 ,49). There is no clear cause for its onset, multiple mechanisms have been proposed to
have relation with its development (50, 51). Older people have reduced capability to induce
muscle hypertrophy with endurance exercise, however, it is very difficult to differentiate
between what is physiological loss and what is atrophy due to inactivity (52, 53). A study
conducted with Swedish athletes older than 65 years old showed that only those who
performed strength training (weight lifting) were able to maintain the characteristics
of the young muscle. However, athletes doing endurance training had the same muscle
hypertrophy and a similar decline of the enzymatic capacity that sedentary individuals,
proving that muscle strength reduction is conditioned by the functional limitations of the
subject (4).

These changes have great repercussions at a functional level that can affect .q of the elder
person. The diaphragm is the main inspiratory muscle, therefore, the knowledge of SP of
it is critical for establishing the effects of aging in the respiratory tracks and the functional
activities. Changes at the respiratory level have been found, as in 2013 Grising demonstrated
using an animal model where the SP of the diaphragm shows a maximum specific strength
of <34% in old mice compared with young mice (54). Although initially the thinking was
that the increase of the oxidative damage was the key of the ma, now it is believed that the
ros could be one of the multiple components of the degenerative processes in this particular
process. The skeletal muscle shows important rapid adaptations to ros produced by mitigated
contractions in aged organisms; additionally, transgenic studies have indicated that overco-
ming these mitigated responses could prevent thisloss (55). Reduction in the number of fibers
can be caused by an irreversible damage, part of the fibrillar population seems to undergo
a denervation process, although the re-innervation process is possible with aging (56).
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The declining of strength is due in part to the reduction of the maximum voluntary
activation of the agonists and to reduction in the coactivation of the antagonists,
especially during dynamic actions. In the uem the time needed to produce a certain
submaximum strength level could be more important than the absolute strength level
(18). Death associated to the age of the motor nerves and the subsequent loss of muscle
fibers could explain the loss of strength associated to aging. The loss of muscle fibers is
accompanied by the reduction of the randomness in distribution of the fiber type within
the muscles, particularly of the type II denervated fibers that would be reinervated
by the type I motor nerves. Due to the fact that weaker muscles with lower mass and
functionally involved are more susceptible to muscle damage, reduction of the muscle
strength associated to age is an important factor that affects the elder’s susceptibility
to muscle damage induced by exercise. Since training strength enhances significatively
the muscle mass in elder people, regular training could be an important preventive
measure against muscle damage (18).

Some traditional proposals about exercise, such as swimming walking and cycling, do not
reach the minimum threshold of physical demand able to stimulate protein biosynthesis. It
is obvious to remind about being cautious when dosing physical workloads in older people
since, at first, they will not be apt to tolerate certain efforts. Slow progression both in volume
and in intensity should follow a process and planification, so to say, a meso-cycle of at least
three months with efforts not higher than 30-40% 1RM (adaptative phase), then moving (also
being cautious according to possibilities) to more advanced, suggested performing levels
(about 70% 1RM). There is also a normal functioning threshold for different organs and
systems, at 30 % of the maximum functional capacities. It is known that the frailty syndrome
(common in old age) takes the form of a vicious circle constituted by SP, muscle weakness,
gait disorders, physical inactivity, decline of the metabolic index and of the energy expendi-
ture, and chronic malnutrition. According to statistics, between 10 and 25 % of the 65 years
old and older individuals can be considered as fragile, reaching 46 % by 85 years old; this
physiologic vulnerability results from a deterioration of the homeostatic reserves that will
end in a lower response to stress (4).

SP is predictor of morbi-mortality in the elder and is associated to extremely high costs
in the health care systems due to the reduction of the general physical function. Falls are the
main cause of injury, morbidity and mortality in the elderly, commonly related to weakness
of the toe, knee and hip muscles. Characteristically, a reduction of the maximum voluntary
torque is produced in the higher and lower bodies, muscle power declines also with age, even
to a higher extent than the peak torque, resulting in the deterioration of the physical function.
Loss of strength in the quadriceps means that many older persons will have a strength level
lower than the needed to get up of bed or to use their arms for help. The capacity to walk up
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or down stairs, to rise from a chair, or to use the bathtub could be seriously affected if the
strength levels are not high enough, thus affecting q (57).

Muscle mass becomes the biggest protein source of the body, representing 45 % of total
body weight, therefore its valuable metabolic and functional contribution. The antigravity
muscles as well as those of the lower limbs, loss their strength at twice the speed as the
smaller muscles. It is in the legs where the most important muscle declines take place, they
carry the loss of the functional, thermal-regulatory and immune capacities, as well as the
deterioration of the nutritional status. With aging and very low levels of physical activity,
muscle strength is a critical component of the ability to walk, here lies the importance of
underlying strength training works in the lower body for the multiple motor, organic and
physiological repercussions in this population. There are reports on an increase in the mus-
cle protein synthesis (+50 %) accompanied by gains in strength after 16 weeks progressive
strength training in men aged between 65 and 75 years old. Finally, physic inactivity is a
significant factor that contributes to SP associated to aging. It is well established that those
men and women who are physically less active have less muscle mass and an increased
prevalence of inability (58).

Skeletal muscle health depends on the optimal function of its mitochondria. With ad-
vanced age, decreases in many mitochondrial variables are evident in the muscle, therefore
the interest of developing interventions to reduce sp (59). An area that recently has attracted
attention is the use of myogenic stem cells for bettering muscle regeneration, however, the
fundamental role of the satellite cells in the homeostasis of normal aged muscles and the
incidence in the endogenous regeneration of old muscles is still under research (60). Evidence
is mounting of the benefits of exercise in people more susceptible to injuries, such as older
adults. There seems to be consensus that exercise can be safe in aging, but exercise is gene-
rally recommended with an individualized prescription (frequency, intensity and duration)
and type (endurance vs. aerobic), and requires attention by a physiotherapist since there is
a vast diversity in the functional level and the comorbidities in elderly (61).

Itis becoming clear that transference of strength from within and among the fibers plays
also an important role in this process. This implies a secondary matrix of proteins that line
up and transmit the strength produced by thick and thin filaments along the muscle fibers
and toward the extracellular matrix; these specialized protein networks of the cytoskeleton
help the strength that passes through the muscle and serve to protect the individual injury
fibers (62). Old age individuals have an oxidative capacity near 50% per muscle volume,
over younger adults (63).

Another controversial question is whether aging affects the basal capillarization of the
skeletal muscle and the angiogenesis; however, a study carried out by Gavin in 2015 confirmed
that aging (age range between 57 and 76 years old) does not affect the muscle angiogenesis
as aresponse to physical training in women who completed eight weeks of aerobic training
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by measuring muscle capitalization, interstitial vascular endothelial growth factor, and
microvascular blood flow; although gender differences between men and women trained
in similar ways could be found (64). Older adults that participate in 20-30 minutes exercise
of moderate intensity in almost all days of the week have a better physical function than
older people who are active throughout the day or who are inactive. Any kind of physical
activity is better than none for protecting against functional limitations, but exercise confers
a higher benefit for physical capacity (65).

Presently it is well known that physical exercise in older adults has proved benefits
specially in increasing muscle mass and power, bettering functional parameters, such as
capacity and walk speed, walking upstairs, and increasing the independence level in carrying
out different activities of daily life (66, 67). Generally speaking, exercise and physical activity
improve the muscle, osteoarticular, cardiocirculatory, pulmonary, endocrine-metabolic,
immune and psychoneurological function, thus contributing to improve the functionality,
a better adaptative response and a higher resistance to disease (67).

Conditioning of strength will lead to an increase of the muscle size due largely to the
results of the increase of contractile proteins. It has been proved that these eccentric muscle
contractions produce an ultrastructural injury (microscopic tears in the contractile muscle cells
of the proteins) that can stimulate the increase of the renovation of the muscle protein. This
muscle damage produces a cascade of metabolic events similar to an acute-stage response, and
includes the activation and mobilization of the neutrophils, the increase of the interleukin-1
of the skeletal muscle, accumulation of macrophages, and increase in the synthesis and
degradation of muscle proteins. Although resistance exercise increases the oxidation of
essential amino acids and the need of proteins in the diet, resistance exercise provokes a
decline of the nitrogen excretion, thus reducing the need of proteins in the diet. Research has
shown that the increase of protein intake in the diet (up to 16 gr protein kg-1xday-1) can better
the hypertrophic response to resistance exercise. It has also been proved that in elderly the
use of protein supplements was associated to higher strength and muscle mass gains (68, 69).

While reduced mobility and functionality become more and more prevalent in the elderly,
there is still a long way to go about sp treatment. Currently there are limited proposals that
promote the elderly’s functionality through exercise, such as the geriatric park proposed
by Martin Rodriguez, Lara Saez and Liria Lopez in 2007 (70). According to the report of the
European Working Group on Sarcopenia in Older People, few clinical trials to test possible
treatments are in progress. For this reason, they recommend three main variables of the
results in the interventions: muscle mass, muscle strength and muscle resistance; the resting
results can be considered secondary and of particular interest in specific research areas, such
as everyday activities, L, metabolic and biochemical markers; markers of inflammation,
falls, admission to retirement home or to hospital, social assistance and/or mortality (19).
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In relation to the exercise prescription, Frankel, Bean and Frontera recommend, for
purposes of training physical qualities in older adults, to do exercise of moderate to low
intensity between two to three times a week, it can be started with progressive resistance of
low intensity in not trained or not active individuals (71). For resistance, it is recommended
to carry out activities that corresponds to >5-6 meT for 30 minutes five days a week, as well
as maintaining a heart rate of between 60 and 70 % of the maximum projected or Borg scale,
level of effort by 11-13; for balance, Tai Chi or exercises of proprioceptive training for toes
three to four times a week combined with the other exercises. For flexibility it is suggested to
carry out four to five repetitions during 30 seconds each exercise, adding static and dynamic
flexibility exercises.

On their part, Mata Ordofiez and cols. specifically propose the following prescription of
strength exercise in elderly (72).

Table 1. Proposal of Exercise Prescription

Topic Description
Frequenc 2-3 days/week
q y (1 day conventional training/1 day high speed or power training)
Number of Exercises 8-12 exercises

Attend the weakened area. Higher predominance

Selection of Exercises . .
of exercises for lower limbs

3-5 series of 12-15 repetitions

Volume (depending on the intensity)
Intensit Progressive from 30 % to 85 % 1MR. Possibility
y of applying effort perception
Rest Enough to undertake the next series or the next
exercise successfully
Methodology Combine conventional, power and vibrations

Source: Mata Ordonez F., Chulvi Medrano I., Heredia Elvar J. R., Moral Gonzalez S, Marcos Becerro J. F., Da Silva-Grigogolleto M. E.
Entrenamiento de la fuerza y sarcopenia. Evidencias actuales. Journal of Sport and Health Research 2013; 5(1):7-24. (72).
Altogether, quoting the American School of Sports Medicine and the American Heart
Association, Berdejo suggests to consider the following in the exercise programs for elderly:
* To perform physical activity of aerobic nature of moderate intensity during at least 30
minutes, five days a week, or aerobic activities of vigorous intensity for 20 minutes, three
days a week.

* Tocombine moderate and vigorous intensities to achieve the minimum recommendations
of physical activity.
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* At least two days in a week (not consecutive) to perform activities to develop muscle
force and resistance. Development of big muscle groups and a moderate intensity are
recommended, with a weight that allows 10 to 15 repetitions (8-12 repetitions) of 8 to 10
exercises. Breath should never be held (Valsalva maneuver) since it raises blood pressure.

* For maintaining flexibility, to perform at least two days a week flexibility exercises du-
ring 10 minutes each day. Stretches should be maintained 10 to 30 seconds and repeated
three to four times.

* To perform exercises that maintain or better balance in order to reduce risk for falls.

* When the older person is under medical treatment, the physical activities he/she performs
should be safe for the corresponding treatment.

* Physical activity performed by elderly should be planed and periodized. Additionally,
they should be periodically evaluated in order to adapt planning or programming to
their individual condition or physical level (73).

On this basis and according to the later scientific advances in the area of kinesiogenomics as
a new research field in physiotherapy it has been shown that there are genes that promote
the development of a high performance athlete that relate to resistance to physical effort;
strength, mass and muscle power gaining; susceptibility to injuries and that are associated
to specific psychologic responses. The found genes related to resistance are aprs2, 79C/G,
BDKBR2, CHRMZ, EpOR, HBB, HIF-1 @, Gys1, N0s3, NRFZ, PPARS, VEGF; the ones related to strength, muscle
mass and power are Acg, ACTN3, aMPD1, ck-MM, IGF1. The genes associated to injury susceptibility
are cor1al, coL5a1, mmp3, TnC; and those connected to psychologic responses are 5HTT, BDNF.
Thanks to these discoveries the possibility to carry out genic therapies aiming at creating
genetically gifted individuals can be proposed (74). Even if this has been discovered in high
performance athletes, the continuous traversing of research could bring a promising future
in the bettering of strength in the elderly as one of the possible beneficiaries of the impro-
vement of the muscle strength.

Discussion

owadays we know more about the adaptability of diverse biologic systems, as well as
Nthe ways in which regular exercise influence them. Understanding and intervening
the different muscle pathways that may lead to aging will allow that the physiotherapist
develops effective and safe interventions for older adults, with the purpose of improving
their 1@ and functionality in carrying out everyday life activities. Through an adequate
exercise prescription substantial changes in the sp process could be done.
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Training muscle strength help compensating the muscle mass and resistance which
usually is associated to normal aging. Among the additional recognized benefits derived from
regular exercising there are an improvement in the bone and articular conditions; a lower
risk of suffering osteoporosis; an improvement in the postural stability and better balance
and, therefore, a decline in the possibility of falling down and thus suffering from fractures;
an increase in flexibility and in the range of motion; and the bettering and/or controls of
certain metabolic profiles. Together to all these recognizable advantages it is good to add the
implicit psychologic well-being that represents being able to dominate the own body at the
more advanced ages, a fact that, when is impossible to concreate, incorporates a recurrent
depression towards that incapacity for the elderly.

Including exercise in the program as an efficient way to prevent some diseases associated
to aging is a challenge of the professional action that the physiotherapist must adopt. The
training capacity in older individuals is evidenced in their capacity to adapt and respond
to resistance and strengthening training. Aerobic efforts maintain and better aspects of
cardiovascular functioning, such as VO,, cardiac output, and the arteriovenous O, difference.

Exercise in older adults should be oriented towards an improvement of the muscle
strength and the functional capacities, thus helping in certain diseases such as osteoporosis
or hypertension. The moderate-high levels of exercise tend to improve the muscle strength,
thus being a sufficiency indicator of the habitual levels in physical activity and its relation
to the present health status. The challenge for physiotherapists is to identify the adequate
exercise prescription for the strength training in elderly, thus adapting it to each individual
situation according to the person’s capacities and needs.

Muscle regeneration provides a paradigm in physiotherapy to study how the extrinsic
signals coordinate the cellular genic expression to maintain the muscle strength in the elderly.
Extrinsic and/or intrinsic faults in cell regulation are considered determining for the decrease
of the regenerative capacity and the precise understanding of the mechanisms controlling
the satellite cell progression and the recruitment of other types of stem cells with myogenic
potential it is crucial if it is aimed at exploiting the power of these cells in the fight against
myopathic conditions caused by muscle aging.

It is important to continue to develop researches with high scientific level that allow
understanding, evaluating, and intervening the mechanisms of the loss of muscle mass induced
by aging in order to carry out individual interventions according to the particular needs, thus
improving functionality and qr of the elderly, where these are one of the main targets of the
physiotherapist’s action, thus contributing to the growth and strengthening of this profession.
Understanding the molecular mechanisms involved in muscle aging is important for this
professional because it allows comprehending the condition of the older adult in which he/
she intervenes, understanding that physiotherapy uses intervention modalities that interact
with the body tissues, on which a specific biological effect can take place.
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