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Chapter 6

Skeletal Muscle Aging Atrophy: 
Assessment and Exercise-Based Treatment

Gabriel Nasri Marzuca-Nassr, Yuri SanMartín-Calísto, Pablo Guerra-Vega, 

Macarena Artigas-Arias, Andrea Alegría, and Rui Curi

1  Introduction

In 2019, there were 703 million persons aged 65 years or over in the world. In 2050, 

the number of older persons will double to 1.5 billion. From 1990 to 2019, the num-

ber of people aged 65 years or over increased from 6% to 9%. This proportion will 

increase to 16%, meaning that one in six people in the world will be aged 65 years 

or over in 2050 [1].

Aging is associated with high cell damage occurrence. Aging leads to a decrease 

in physical and mental capacity and a growing risk of disease. These changes, how-

ever, are neither linear nor consistent, and they are only loosely associated with a 
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person’s age in years. While some 70 year-olds enjoy perfect health and function-

ing, other 70 year-olds are frail and require significant help from others [2].

With aging, there is a loss of skeletal muscle mass (skeletal muscle atrophy 

called sarcopenia) that decreases muscular strength and physical performance, that 

also influences cognitive status. Assessing these changes becomes vital in an older 

adult. In this line, there are several strategies which have been proposed to combat 

skeletal muscle atrophy due to aging, such as physical exercise, nutritional supple-

ments, or drugs. Although some researchers showed the combination of these strate-

gies, we will focus in this chapter only on the physical activity methods. This 

chapter aims to demonstrate the most used existing test/machines to evaluate the 

loss of skeletal muscle mass due to aging and, consequently, the decrease in muscle 

strength and physical performance. It will also propose physical exercise as an 

“effective drug” to counteract the effects produced by the loss of muscle mass and 

its consequences due to aging.

2  Skeletal Muscle Aging Atrophy

A young person has 48% muscle mass, 19% fat, and 33% non-muscle fat-free mass 

(FFM) at the age of around 22 years-old. On the other hand, a subject near the age 

of 78 years-old has a body composition of 25% muscle mass, 35% fat, and 40% of 

non-muscle FFM [3].

This decrease in global skeletal muscle mass (mainly reflected in the lower 

extremities) related by aging may be the product of a reduction in the synthesis 

pathways and through an increase in the degradation pathways of skeletal muscle 

proteins. In protein synthesis, the primary signaling networks that been investigate 

are the insulin-like growth factor 1 (IGF-1) axis and the protein kinase B/mamma-

lian target of rapamycin/ribosomal S6 kinase (Akt/mTOR/S6) pathway. On the 

other hand, in protein degradation, there are several systems such as apoptosis, cal-

pains, autophagy, ubiquitin-proteasome and oxidative stress. Also, there is interplay 

between sarcopenia and chronic inflammation [4–8].

At the level of muscle fibers, there are many cellular and molecular changes that 

contribute to muscle aging. For instance, reduced number of satellite cells, decreased 

number of muscle fibers (predominantly type II), reduced myosin protein content, 

reduced number of mitochondria, increased inter- and intra-muscular adipose tis-

sue, disruption of excitation-contraction coupling, and others [9]. According to all 

of these changes in skeletal muscle due to aging, an older person shows a blunted 

muscle protein synthetic response to anabolic stimuli like amino acid administration 

and physical activity when compared with the effects seen in young persons. This 

condition is known as anabolic resistance [10]. Therefore, an older person will have 

to have a more significant anabolic stimulus to obtain beneficial responses at the 

muscular level.

The decrease in skeletal muscle mass loss due to aging is called sarcopenia. 

Irwin H. Rosenberg was the first to propose the sarcopenia term at a meeting in 
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1988. The sarcopenia Greek meaning is sarx for flesh and penia for loss [11]. 

Initially, the concept of sarcopenia was coined for the decrease of muscle mass and 

function [11], although most people associate it with only skeletal muscle mass loss.

Cruz-Jentoft and Sayer presented a reasonable timeline on the international defi-

nition of sarcopenia [12]. In 2010, the EWGSOP (European Working Group on 

Sarcopenia in Older People) defined sarcopenia using muscle mass, muscle strength, 

and physical performance (cut-offs not specified). In 2011, the International 

Working Group on Sarcopenia and Society of Sarcopenia, Cachexia, and Wasting 

Disorders (SSCWD) defined the disease using muscle mass and physical perfor-

mance, with defined cut-offs. The SSCWD used the phrase sarcopenia with limited 

mobility. In 2014, the Asian Working Group on Sarcopenia gave the same definition 

as the EWGSOP and also defined cut-offs for Asia. In the same year, the Foundation 

for the National Institutes of Health described the disease using muscle mass and 

muscle strength, and also defined cut-offs, using physical performance as an out-

come. The EWGSOP updated its definition in 2019 (EWGSOP2) with cut-offs 

determined, using physical performance to assess the severity of the condition [12].

3  Basic and Instrumental Activities of Daily 

Living Assessment

The geriatric assessment allows knowing the baseline situation of the subjects, eval-

uates the impact of diseases, and establishes specific treatments. The evaluation of 

the health condition of the older people includes assessment scales of basic Activities 

of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL), physi-

cal and functional assessment scales, and instruments that assess the cognitive state 

(Table 6.1) [25].

3.1  Barthel Index

Mahoney and Barthel created this index in 1955 [13]. They measured the evolution 

of subjects with neuromuscular and skeletal muscle processes in a hospital for 

chronic patients in Maryland and published the results 10 years later. This was mod-

ified in 1979. The fundamental change occurs in the item of transfer by wheelchair 

to bed, which changes to the transfer of armchair to bed [13]. This index comprises 

10 elements in their original version, with each item receiving a score of zero if the 

subject is unable to perform the task or a variable score between 5, 10, and 15 

points, which reflect independence or intervals of relative autonomy for tasks. The 

values assigned to each activity are based on the time and amount of physical help 

required if the patient cannot perform that activity. Full credit is not granted for an 

activity if the subject needs help and/or minimal supervision [13].
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Table 6.1 Valuation instruments in older people

Instrument Parameters to evaluate Interpretation

Barthel Index [13] Basic Activities of 

Daily Living (ADL)

100 Independency

≥60 Slight dependency

40–55 Moderate dependency

20–35 Severe dependency

<20 Total dependency

Katz Index [14] Instrumental Activities 

of Daily Living (IADL)

6 = High (patient independent)

0 = Low (patient very dependent)

Lawton & Brody [15] Instrumental Activities 

of Daily Living (IADL)

0 Dependent

8 Independent

Grip Strength [16] Grip strength In accordance with EWGSOP2∗, values 

<27 kg in men and <16 kg in women is 

associated with sarcopenia

Gait Speed [16] Gait speed In accordance with EWGSOP2∗, ≤0.8 m/s 

indicates low functional performance and 

association with sarcopenia

Timed Up and Go 

[17]

Dynamic balance ≤10 segments normal

11–19 segments slight risk of falls

> 20 segments high risk of falls

Unipedal stance [18] Dynamic balance ≥ 5 segments high risk of falls

Tinetti [19] Dynamic balance 12 Independence

Gait 16 Independence

Short Physical 

Performance Battery 

[20]

Static balance

Dynamic balance

Lower+ body strength

0–3 Severe limitations

4–6 Moderate limitations

7–9 Mild limitations

10–12 Minimal limitations

The sum of the subtests has a maximum score 

of 12, indicates functional independence

Senior Fitness Test 

[21]

Lower body strength

Upper body strength

Aerobic capacity

Superior train flexibility

Superior train flexibility

Presents reference values by age range for 

each subtest

Mini Mental State 

Examination [22]

Cognitive state 30–35 Normal cognitive status

25–29 Slight deficit

20–24 Mild cognitive impairment

15–19 Moderate cognitive impairment

0–14 Severe cognitive impairment, dementia

Pfeffer Scale [23] Cognitive state 0–2 errors: normal mental functioning

3–4 errors: mild cognitive impairment

5–7 errors: moderate cognitive impairment

8–10 errors: severe cognitive impairment

Geriatric Depression 

Scale [24]

Geriatric depression 0–5 Normal

6–9 Probable depression

10 or more established depression

aEWGSOP2: European Working Group on Sarcopenia in Older People 2
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Environmental conditions can influence the index score since if the subject has 

special requirements to perform their ADL and the corresponding adaptations are 

not available, and therefore their score will be lower when they cannot be per-

formed. Examples of this are the bars or handles in the bathroom, tub, and toilet. If 

needed and not available, the subject will not be able to perform the activity [13, 26].

Some authors have proposed reference scores to facilitate their interpretation. 

For example, it has been observed that an initial rating of more than 60 is related to 

a shorter duration of hospital stay and a higher probability of reintegrating into the 

community after discharge. This score seems to represent a limit [27–29].

The Barthel Index is a handy instrument in rehabilitation. Because of its validity 

and reliability, it is easy to apply and interpret. Its application is low cost and is use-

ful for monitoring the evolution of subjects. It takes between 2 and 5 min, while the 

self-assessment is done in approximately 10 min. It can be applied by rehabilitation 

professionals or by other health professionals and by trained interviewers, who are 

trained in times requiring no longer than 1 h. It can also be self-administered, valued 

by third parties, or through a telephone interview [26].

3.2  Katz Index

The multidisciplinary team led by S. Katz created this index in 1958 at the Benjamin 

Rose Hospital in Ohio [30]. The purpose was to delimit dependence of subjects with 

hip fractures. It was published in 1959 under the name of the Index of Independence 

in Activities of Daily Living.

The purpose was to measure functionality in chronic patients and aging popula-

tions. It is a tool used to obtain important information about the prognosis and dis-

ability associated with aging [14]. In addition, it allows clinicians and researchers to 

assess the need for health care and determine treatment effectiveness, and it can be 

used as a therapeutic guide [25, 31].

The index considers performance in six essential activities: bathing, clothing, use 

of toilet, mobility, continence, and food consumption [30]. According to the assigned 

performance scores of A, B, C, D, E, F, or G, A is the most independent grade of the 

scale, and G is the most dependent grade. Through questions and/or observations, 

the evaluator forms a mental image of the patient’s ADL status. The assessor deter-

mines if the patient performed his activities alone, with active personal assistance, 

directive assistance, or if he/she required supervision [31].

The Katz index describes a similarity between the patterns of loss and recovery 

of functions with the development of the infant, ordering dependence and the resto-

ration of independence, and inverse processes, where the first capacity to recover is 

that of feeding and the latest are the ability to dress and bathe [30, 31].
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3.3  Lawton and Brody Scale

The Lawton and Brody scale was first published in 1969 [15]. It was initially used 

at the Philadelphia Geriatric Center to evaluate physical autonomy and IADL in 

older people who may or may not be institutionalized. It is a widely used instrument 

internationally for IADL measurement, with the advantage of allowing analysis of 

each individual score used in the scale. It also allows evaluation of therapeutic plans 

used for older people, being sensitive in the detection of the first and most minimal 

signs of functional deterioration in this age group [15].

This index evaluates the functional capacity in 8 items: (i) use of the telephone, 

(ii) purchasing, (iii) ability to prepare food, (iv) home care, (v) doing laundry, (vi) 

use of means of transport, (vii) responsibility for medicines and (viii) management 

of economic affairs [15, 32]. The information is obtained by directly asking the 

subject or his/her usual caregiver. Each item is assigned a score of 0 if there is 

dependence and 1 point if there is independence for that activity. The total sum of 

points varies between 0 corresponding to maximum dependence and 8 points, which 

corresponds to complete independence for the operations [33].

4  Physical Performance Assessment

4.1  Grip Strength Test

The grip strength test is the simplest and recommended method for the evaluation of 

muscle strength in clinical practice due to its strong association with lower limb 

muscle strength [34]. This parameter is the maximum isometric contraction force 

generated around a dynamometer measured in kilograms, Newtons, pounds, or mil-

limeters of mercury [34]. Older people commonly have difficulties with the opera-

tion of the hands and manual dexterity in tasks that require a delicate and precise 

grip, and the loss of the strength of the hands can affect simple everyday actions 

[35]. Impaired hand function occurs as a result of healthy aging and established 

disorders frequently found in older people, such as osteoporosis, osteoarthritis, and 

rheumatoid arthritis [35, 36].

For more details on this evaluation method, please see Sect. 6.2 in the hospital 

context.”

4.2  Gait Speed Test

The gait is an intrinsic function in the human being, which is the reason why its 

deterioration determines the loss of dependence. The alteration in the gait speed in 

older people is also an indicator of increased risk of falls, fractures, and more sig-

nificant morbidity and mortality [37]. Walking speed predicts the state of health and 
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risk of future functional decline, including hospitalization and institutionalization 

[38]. This parameter requires a comparison with reference values that vary between 

0.6 and 1.70 m/s. There is no standardized assessment consensus to evaluate this 

parameter. However, there are several physical performance assessment batteries 

that include the parameter “Short Physical Performance Battery and Senior Fitness 

Test”, which is described below.

4.3  Timed Up and Go Test

In the beginning, the Getup and Go test was used, which was designed as a screen-

ing instrument to detect balance changes in the population. The subject had to get 

up from a chair with armrests, walk 3 m, turn on himself, step back 3 m, and sit 

down again [39]. To make the measurement more objective, Podsiadlo and 

Richardson, in 1991, made a modified and timed version of the test, now called 

Timed Up and Go [17]. The time starts when the participant takes off from the 

straight back of the chair and ends when, after traveling, the circuit returns to the 

starting position. For its realization, the participant will use his usual or necessary 

technical help and will walk at a rapid pace, without running, walking at a light but 

safe speed [40].

Adults without neurological problems, who are independent in the natural bal-

ance and mobility tasks, perform the test in less than 10 s. Meanwhile, older people 

who need between 11 and 19 s to complete the activity present a slight risk of falls, 

and a high risk if they require more than 20 s to complete it [17].

4.4  Unipedal Stance Test

The Unipedal Stance test is used to assess static balance. For its realization, the 

older person must stand with his arms crossed on his chest, resting hands on shoul-

ders, performing triple flexion of one leg at 90°, keeping in this position for as long 

as possible, to a maximum of 30 s. This activity is repeated 3 times, alternating the 

lower limb of support, considering the best time obtained [18]. An older person has 

a high risk of falls if he/she fails to maintain the position for a time shorter than or 

equal to 5 s [18, 41].

4.5  Tinetti Scale

The Tinetti scale was made in 1986 to assess the mobility of older people. Its main 

objective is to detect subjects with a high risk of falls, based on the two domains of 

gait and balance, composed of nine and seven items, respectively [42]. A zero score 

is assigned if the person does not achieve or maintain stability in position changes 

6 Skeletal Muscle Aging Atrophy



130

or has an inappropriate gait pattern according to the parameters established in the 

scale (considered abnormal). A score of 1 indicates that the individual achieves 

changes in position or gait patterns with compensations (the adaptive condition). A 

score of 2 indicates that the subject does not present difficulties for the different 

activities of the scale (the average condition). The maximum balance score obtained 

is 16 points, and the maximum gait score corresponds to 12 points. The sum of both 

tests provides a maximum total score of 28, with which the risk of falls is deter-

mined. Between 19 and 28 points is considered to represent a minimum risk of falls, 

while a score lower than 19 is regarded as a high risk of falls [19]. This instrument 

is mainly used in older people who live in the community and institutionalized, to 

assess the risk of falls and their consequent relationship with the functional altera-

tions of each subject [43].

4.6  Short Physical Performance Battery

The Short Physical Performance Battery (SPPB), developed by Guralnik in 1994, is 

an instrument to be used safely in older people with or without underlying acute 

pathologies [20]. The SPPB consists of three tests: balance, gait speed, and getting 

up and sitting in a chair five times. In the first balance test, the subject must maintain 

three positions: feet together, semi-tandem, and tandem, following a hierarchical 

order of difficulty, for at least 10 s to obtain the full score of the item [20, 44]. The 

gait speed test is carried out so that the subject walks at his usual speed for a dis-

tance of 4 m twice, recording the shortest time. Finally, for the test to get up from 

the chair, the subject is asked to cross his arms over his chest and get up. If success-

ful, the time is recorded from the moment when the subject stands for the first time 

until he sits at the fifth time. Each test is awarded a score in favor of the time used 

for each activity, where 0 corresponds to the worst performance and 4 to the best 

performance. A global test battery score ranging from 0 to 12 points is obtained. 

The low scores on this instrument have a high predictive value for a considerable 

amount of health consequences, including disability in the AVD, loss of mobility, 

disability, hospitalization, length of hospital stay, admission to nursing facilities, 

and mortality [45].

4.7  Senior Fitness Test

In 2001, Rikli and Jones designed the Senior Fitness Test battery to address the need 

to create tools that allow assessment of the physical condition of older people resid-

ing in the community [21]. It applies to older people from 60 years-old and over 

with different levels of physical and functional abilities. It does not require equip-

ment or sophisticated spaces to be realized [46]. The tests that make up the battery 

include various components of functional capacity, this being the particularity of 
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existing batteries that focus on only one component. It is composed of differentiated 

tests or evaluations: chair stand, arm curl, 6 min walk, 2 min step, chair-sit and 

reach, back scratch, foot up and go and body mass index [21, 47].

The chair stand test starts with the evaluation subject sitting in a chair with a 

straight back, feet flat on the floor and arms crossed on the chest. The subject should 

rise fully and return to the initial position as many times as possible during 30 s. It 

is essential for the examiner to consider the demonstration of the correct movement 

before starting the test and ask the subject to replicate it to ensure their understand-

ing [21].

In the arm curl test, the participant starts sitting in a chair with a straight back, 

feet flat on the floor, with an extended elbow and then lifts a weight of 5 pounds in 

the case of women and 8 pounds in the case of men in the dominant hand, which is 

oriented towards the body. From that position, an elbow flexion and supination of 

the forearm is performed, and then the forearm returns to the initial position by 

extending the elbow and rotating the wrist. The score is assigned with the number 

of complete moves made in 30 s [21].

The 6 min walk test is used to evaluate aerobic endurance. This particular test 

requires ample space for its realization (30-m corridor). Ideally, it is done after fin-

ishing the other tests. The participant will walk as quickly as possible for 6 min in a 

marked circuit, and a score will be assigned to each return he/she makes. For each 

elapsed min, the subject will be informed of the remaining evaluation time associ-

ated with the pace of walking. The participant will stand sideways performing leg 

lift movements alternately at the end of the 6 min [21].

Before starting the 2 min step test, it is necessary to measure the height at which 

the participant should raise the knee. The average distance between the iliac crest 

and the upper part of the patella is calculated, thus marking the midpoint of the thigh 

corresponding to the height of the knee while walking. To visualize this mark, it 

must be transferred to the wall so that the participant has a reference. Start the test 

when the signal is given, and the subject begins to march in place as many times as 

possible for 2 min. Both knees must reach the indicated height. The number of times 

the right knee reaches the reference height is considered. If it does not reach the 

stated level, the speed should be reduced so that the test is valid without stopping the 

time. The final score will be awarded according to the number of steps taken and the 

right knee has reached the set height [21].

The chair-sit and reach test assesses the flexibility of the lower extremities, 

mainly the biceps femoris. The participant sits in the chair with the gluteal fold at 

the front edge of the chair. One leg will be with the knee in flexion and the foot rest-

ing on the ground, while the other leg will be extended forward as much as possible. 

With the arms extended and the hands together, the participant will flex the hip 

slowly to touch the tip of the foot with both middle fingers or beyond this point. If 

the extended leg begins to flex, the subject should return to the starting position. The 

score is assigned according to the remaining cm to reach the tip of the foot or the 

amount by which it is exceeded [21].

The back scratch test evaluates the flexibility of the upper body, mainly shoul-

ders. The participant starts standing with his favorite hand on the same shoulder 
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with the palm facing down. In this position, he/she will bring the hand towards the 

middle of the back as far as possible while keeping the elbow towards the ceiling. 

The other arm is located on the back around the waist, trying to take it as far as pos-

sible, trying to touch both hands. The middle fingers should be oriented as close as 

possible, and the distance between them or, failing that, the number of cm that are 

exceeded is measured [21].

The foot up and go test assesses agility and dynamic balance. The participant 

will be placed in a chair with a straight back, hands on the thighs and feet resting on 

the floor with one more advanced. At the signal, the subject will rise from the chair 

without supporting their hands to push themselves and will quickly walk towards a 

cone located at an established distance and then return to sit down and position 

themselves in the initial position [21].

The body mass index of each subject is measured using the formula: body weight 

(kg) divided by height (m2).

Finally, the scores obtained in each of the tests that make up the battery are added 

to a standardized record sheet and are compared with the existing reference values 

for each age group within the elderly population [47].

5  Cognitive Assessment

5.1  Mini Mental State Examination

The Mini Mental State Examination (MMSE) is an instrument created in 1975 to 

assess cognitive status systematically and thoroughly. It consists of 11 questions 

that analyze areas of cognitive functioning, including orientation, registration, 

attention, calculation, memory, and language. This tool requires 5 min of applica-

tion, so it is considered practical in its administration in older people [22]. The 

performance of this evaluation has variables, which may or may not influence the 

final result. Among these variables, we can find the educational level of the partici-

pant and the sensory deficit, such as difficulty in hearing or sight [48]. The maxi-

mum score is 19 points, and a value less than or equal to 13 points is considered 

suggestive of cognitive deficit [49].

5.2  Pfeffer Scale

The Pfeffer scale has been used since 1982 and applies to the companion of the 

older person who obtained a score less than or equal to 13 in the MMSE. It is used 

to complement the assessment of cognitive status with information obtained from a 

relative or caregiver of the participant [22, 23]. This scale measures the ability to 

perform IADL, designed for studies in the community in individuals with good 
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health or with mild alterations. The instrument evaluates 11 functional activities 

scored on a scale of 0–33 points, with score of 0 being an ideal performance [50]. 

This instrument has a high correlation with the Lawton and Brody scale [15].

5.3  Geriatric Depression Scale

Brink and Yesavage created this instrument in 1983 to assess depression in older 

people with or without cognitive impairment and as a measure of symptom evolu-

tion [24]. It can be used in older people who have an optimal state of health, with 

medical illness, and in those with mild to moderate cognitive impairment. The scale 

is a self-report, brief, and dichotomous (yes/no). It has 30 questions, although there 

is an abbreviated version with 15 questions to avoid fatigue and loss of concentra-

tion that are sometimes associated with longer instruments. The score is the sum of 

all positive responses with a cut-off point of 11. A score from 0 to 11 is considered 

healthy, while a score between 21 and 30 is associated with moderate to severe 

depression [24, 51].

6  Skeletal Muscle Atrophy: Aging 

and Hospitalization Combined

The process of skeletal muscle atrophy in the context of hospitalization, a conse-

quence of bed rest, disuse, and decreased physical activity, is a critical factor that 

relates to the deterioration of functionality in hospitalized patients [52, 53]. In this 

context, and as compared to their state of fragility before hospital admission, older 

patients have a high risk of loss of autonomy, worsening of their physical capacity, 

and a decrease in their primary and instrumental ADL [54]. Additionally, hospital 

stay leads to a reduction of muscle strength and aerobic capacity. In this sense, the 

presence of skeletal muscle atrophy is associated with an increase in the days of 

mechanical ventilation (MV), stay in intensive care units (ICUs), stay in hospital, 

and risk of mortality [55–57]. In the short-term, the hospitalization effects of older 

people have a more significant negative impact on the generation of strength and 

skeletal muscle mass loss compared to young adults. This fact suggests a higher 

vulnerability of the older age groups, especially in variables such as functional inde-

pendence [58, 59]. This latter is an indicator of short-term disability and, conse-

quently, a high risk in the deterioration of the quality of life of these patients after 

the hospitalization stage [60].
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6.1  Sarcopenia and Costs Associated with Hospitalization

Due to the increased prevalence in the development of sarcopenia, its effects signifi-

cantly affect older adults causing an increased risk of suffering a disability, more 

significant functional impairment, high risk of falls, a high incidence of hospitaliza-

tion, and a high mortality rate compared to a healthy older adult. The above varies 

according to age from 4.6% between 70 and 74  years to 31.9% in people over 

85 years [61, 62]. For these purposes, the costs associated with this condition in the 

home environment, outpatient care, and in-hospital services should be considered. 

In European countries, the total costs related to sarcopenia were estimated at € 

1125.3 ± 1367.2 compared to € 561.4 ± 762.6 for non-sarcopenic older people. This 

has led us to consider sarcopenia as a public health problem [62, 63]. Also, this 

condition is associated with multiple comorbidities such as osteoporosis, obesity, 

and type 2 diabetes mellitus, so the economic impact is probably even higher than 

reported. Older adults with sarcopenia significantly increase their hospital stay 

compared to non-sarcopenic older adults (13.4 days versus 9.4 days, respectively) 

[64]. Along the same lines, the average costs per day of hospitalization reach € 68 

for people with sarcopenia and € 40 for those who do not suffer from the syndrome, 

which equals total expenses during hospital stays of € 11,294 and € 6878, respec-

tively [65]. Currently, in the health systems of the USA, data are reported showing 

a total hospitalization cost of USD 40.4 billion in individuals with sarcopenia, an 

average of USD 260 per person, and for those over 65 years old, the cost was USD 

19.1 billion [66].

6.2  Decrease in Skeletal Muscle Mass and Strength: Clinical 

Evaluation in the Hospital Context

There is a series of factors to be considered when selecting an element for the evalu-

ation of the decrease in skeletal muscle mass and strength in older people. The fac-

tors include: A) the purpose of the measurement, B) the clinical utility that represents 

decision making, C) the patient’s ability to collaborate in the procedure, and D) the 

validity properties of each instrument [67]. Thus, researchers have made several 

recommendations based on the tools that provide accurate information regarding 

the evaluation in the hospital setting of the skeletal muscle mass loss in older 

patients. The tools to assess skeletal muscle mass and volume are: ultrasonography, 

computed tomography (CT) or magnetic resonance imaging (MRI). Assessment of 

muscle strength requires the Medical Research Council sum-score scale (MRC-SS), 

and grip strength through dynamometry [67–69].

The current changes in the definition of sarcopenia include the loss of muscle 

function associated with a skeletal muscle mass loss. The management of this con-

dition needs to identify preventive interventions that may delay, improve, reverse, or 

eliminate the changes produced in muscle strength, muscle mass, and quality. This 
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will allow us to define and to standardize parameters that include a large percentage 

of the population [70]. In ICUs, the skeletal muscle mass loss occurs between 25% 

and 40% in adult patients who are under mechanical ventilation for periods longer 

than 48 h, with a percentage of skeletal muscle atrophy that reaches 21% during the 

first 10 days of hospitalization. Additionally, in a study conducted in Asia, the entire 

hospitalized older adult population showed a severe decrease in muscle strength, 

and all recorded values located below the cut-off score for the diagnosis of sarcope-

nia. Currently, the prevalence of sarcopenia in hospitalized older adults reaches 

between 22% and 26% [68, 69, 71, 72].

Regarding the evaluation methodology, the moment of the measurements should 

be considered [70]. Accordingly, a delayed measure could mean errors in the actual 

identification of skeletal muscle atrophy [73]. In this regard and considering the rate 

of skeletal, muscular atrophy in hospitalized patients, researchers have proposed 

serial evaluation during the first weeks of hospitalization. During days 1, 3, 5, 7, and 

10, it has been proposed to collect quantitative and qualitative dates of the muscle 

state, standardize the measurements and be able to guide the decision-making 

regarding specific therapeutic behaviors [74, 75].

 MRC-SS

The MRC-SS scale has become the main measuring instrument in hospitalized 

patients to assess muscle strength [76]. For the application of this scale, there must 

be an active patient collaboration, both to understand the therapist’s instruction and 

to perform the requested movement. This degree of cooperation is measured by 

applying the Standardized 5 Questions (S5Q) scale, in which the patient must be 

able to answer 3 of 5 questions favorably to determine an adequate cognitive state 

[67–73, 77]. The MRC-SS scale has been used mainly in critically ill patients for 

the assessment and diagnosis of ICU-acquired weakness (ICUAW). The scores have 

a range between 0 (complete paralysis) and 60 (normal force) points and a cut-off 

score below 48 points sets the basis for diagnosis [78]. The scale has an excellent 

level of reliability in the total sum of scores at the time of assessing all muscle 

groups. However, it may vary depending on the context of the patient hospitalized 

in the ICU, or surgical medical services [79].

Regarding the correlation degree with functional scales, the MRC-SS scale 

obtains adequate correlation degrees with the Barthel index and the elderly mobility 

scale [80]. Besides, those patients that have a measurement below 48 points, the use 

of mechanical ventilation could be more prolonged, or the individual could have a 

more extended stay in the ICU and hospital, and even higher mortality after hospital 

discharge [79, 81–83].

The MRC-SS scale has predictive value and a higher score in the sum of muscle 

forces is associated with better physical performance [76]. Due to this, the latest 

reports include the MRC-SS scale within the tools for assessing muscle strength, 

which has allowed a therapeutic approach to the physical performance of the sub-

ject [84].
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 Grip Strength in the Hospital

The assessment of grip strength, using dynamometry, is aimed at assessing isomet-

ric grip performance in patients who can collaborate and who have a score > 3 on 

the MRC-SS scale [85]. It is a straightforward application tool with essential clini-

cal utility. The cut-off values for weakness in adult patients hospitalized in ICU, 

with high levels of sensitivity and specificity, are 7 kg for women and 11 kg for men. 

In addition, grip strength shows a high level of correlation with the MRC scale [84]. 

Along the same lines, hospitalized adults with grip strength value less than 5 kg 

have a high percentage of mortality in the ICU. In addition, it is considered as an 

independent variable associated with more days of connection to MV, increased 

hospital stay, and death [83–86]. On the other hand, for patients hospitalized in 

medicine-surgery services, values lower than 11.52 kg for women and 13.89 kg for 

men during hospital stay is related to a longer hospitalization time and may be used 

to predict the degree of functional capacity impairment in older adults after dis-

charge [87].

Regarding the ways to evaluate grip strength, there is a standardized form of 

evaluation which often uses the right hand, the dominant hand or both sides [49]. 

However, the ideal way to perform the test consists of having a seated patient, with 

the elbow at 90°, and the prehensile effort made must be maintained for at least 3 s 

and with a 30 s pause between each attempt. The best value of three tries is the final 

record [88–90]. Therefore, grip strength could help to identify potential candidate 

patients for intervention to mitigate the exposure risk. According to the above, the 

use of this evaluation technique has advantages over the evaluation of the global 

strength in limbs, since it uses less time, and it is not necessary to reposition the 

patient for the measurements and deliver a more objective numerical value [87].

In general, in the context of the older patients hospitalized in medical-surgical 

units, the assessment of grip strength has been used to determine variables such as 

mortality, survival, disability, hospital complications, and increased hospital stay 

[87–91]. In clinical practice, the assessment of grip strength is an easy and quick 

method to execute, which means that it is an excellent tool for the recognition and 

diagnosis of skeletal muscular atrophy. This makes it a potential gold standard for 

measurement for assessment of this medical condition [92].

 Ultrasonography

Ultrasonography allows confident quantification of skeletal muscle atrophy. This 

exam is a validated tool to determine the changes in skeletal muscle mass in the 

hospital context [93]. This includes the measurement of muscle thickness as well as 

quality concerning the degree of echogenicity. The association between muscle 

thickness and strength has not demonstrated with an adequate correlation in this 

method [94, 95]. The ultrasound image does not have the necessary information 

regarding the neuromuscular properties. The ultrasound image underestimates the 

strength loss in critical patients [73]. Despite the above, the application of this 
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technique has an excellent level of reliability in variables such as echogenicity, inde-

pendent of the level of experience of the evaluator. It gives added value in the quan-

tification of skeletal muscle atrophy [96].

The measurement of the quadriceps muscle and its rectus femoris and vastus 

lateral portions, in addition to being performed in full extension position, can be 

executed in 10°, 50° and 115° knee flexion, in semi-Fowler position, seated position 

with knee and hip flexion at 90°, and even in a standing position. Before measure-

ment, the subject should remain at rest for 30 min and preferably the same amount 

of time in the position where the test will be performed, and the muscle should be 

completely relaxed [97].

On the other hand, in older hospitalized patients in units of low complexity, the 

reality regarding skeletal muscular atrophy does not differ concerning the data 

obtained in the ICU. The incidence in the development of sarcopenia is higher in 

those who remain in the hospital for an average 5 days of bed rest. In hospitalized 

older adults, the use of ultrasound allows us to measure parameters such as muscle 

architecture and its association with functional capacity. This tool gives advantages 

when identifying patients at risk of disability and also to prescribe rehabilitation 

programs during hospitalization. Thus, it avoids the deterioration of physical capac-

ity, the increase in falls, and even a decrease in the quality of life [98, 99]. The 

quantification of skeletal muscle atrophy through the use of ultrasonography also 

allows identification of stages of sarcopenia. Varying degrees of echogenicity and 

decreased quadriceps muscle thickness relate to physical performance, specifically 

with the decrease in gait speed and lower limb strength [80].

In summary, ultrasonography is a tool that allows clinicians and researchers to 

detect changes in skeletal muscle mass before and after intervention programs. It is 

easy to apply, will enable examinations next to the patient bed, and does not gener-

ate damage associated with the measurement technique. It has a high degree of 

validity and reliability when comparing the measurements with more specific tools 

such as CT and MRI, and even with the electrical bioimpedance technique (methods 

described in Sect. 7) [68, 69].

7  Techniques of Skeletal Muscle Mass Assessment

Changes in body composition occur as part of the normal aging process and are 

associated with important effects on health and function [100]. The decrease in age- 

related skeletal muscle mass is widely known as one of the main components for the 

diagnosis of sarcopenia [16]. As mentioned earlier, the main aspects of interest in 

body composition during the aging process are the content and distribution of body 

fat and FFM [100]. It is necessary to use valid, precise, and accurate methods to 

identify high-risk groups of age-related muscle loss and monitor the potential effi-

cacy of health interventions. The methods for the analysis of the body composition 

are fundamental for an in-depth assessment of the body state [101].
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7.1  Body Composition

Wang et  al. developed a widely accepted five-level model of body composition 

research [101]. They divided the human body into different compartments using the 

following levels: atomic, molecular, cell, tissue system, and the whole body. This 

model provides a structural framework to explain the relationships between the 

main compartments of the body.

7.2  Multi-compartment Model

The atomic level is characterized by 11 main elements that comprise more than 99% 

of body mass including oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus, 

potassium, sulfur, sodium, chlorine, and magnesium [101]. On the other hand, the 

molecular level is the most studied level in the field of body composition research. 

The classic two-component model consisting of fat and FFM is a molecular level 

model. The molecular level is one level above the atomic scale in body composition 

and, therefore, has close links with the elements of the nuclear level. Some units of 

the molecular level such as proteins, fats, bone minerals and water are, in turn, com-

posed of elements of the atomic level such as nitrogen, calcium, carbon, and oxygen 

[102]. Also, the cellular level consists of three main components: cells, extracellular 

fluids, and extracellular solids. The extracellular solids component is mainly com-

posed of bone minerals and, to a lesser extent, other solid components such as col-

lagen. This level has been critical in physiological studies [103]. The multi-component 

model of the tissue system includes adipose tissue and its subcomponents. It also 

includes various organs such as the brain, heart, liver, kidneys, spleen, lung, and 

skeletal muscle [104].

7.3  Body Imaging Techniques

Multiple and varied technological evaluation methods have been developed to mea-

sure the quantity and quality of skeletal muscle mass, which have revolutionized the 

current understanding of abnormalities in body composition. Imaging technologies 

used to detect skeletal muscle mass loss include MRI, CT, and dual-energy x-ray 

absorptiometry (DXA). These methods differ in terms of costs, reliability, radiation 

exposure, and availability. Qualitative changes in muscle fibers can only be investi-

gated by histochemical analysis and microscopy using invasive quantification tech-

niques, such as skeletal muscle biopsy.

The following sections describe the main characteristics of the imaging tech-

niques used to assess skeletal muscle mass loss.
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 MRI

MRI is an imaging technique that estimates the volume of body components. The 

main advantage of MRI over other technologies is that it does not involve exposure 

to ionizing radiation and is based on the interaction between hydrogen nuclei in the 

human body [105]. Data acquisition is based on the generation of a magnetic field 

that focuses on the alignment of hydrogen nuclei. Then, a radiofrequency pulse is 

applied, which leads to the absorption of energy by hydrogen protons, which release 

energy as the pulse goes off. Then, the protons return to the original position. A 

receiver detects the energy released in the form of a radio frequency signal used to 

create whole-body or regional images [106].

Using analysis software, the images generated in grayscale can be determined 

based on the voxel information (volume and pixels) and the area (calculated based 

on cm2). Using specific configurations, the sizes of the whole body and/or regions 

can be calculated based on a three-dimensional formula that represents the area of 

the tissue, the thickness of the cut, the distance between consecutive images, and the 

number of images [106]. The tissue mass (kg) can be calculated based on the 

assumed constant density values for skeletal muscle (1.04 g/cm3) and adipose tissue 

(0.92 g/cm3) [105].

From the skeletal muscle point of view, MRI has been a powerful non-invasive 

technique with which the structure and function of the skeletal muscle has been 

evaluated in vivo. Beyond the evaluation of the anatomical characteristics of the tis-

sue using conventional MRI techniques, biochemical and physiological properties 

of the tissue have been studied [107], such as the presence of intramuscular lipids 

[108], the presence of edema and changes in the mitochondrial metabolism [109]. 

This latter makes muscle MRI a potent tool in the diagnosis and follow-up of 

patients with muscle disorders/conditions such as aging [110].

 CT

CT is based on an X-ray beam that crosses the body. The intensity of X-ray output 

transmission is controlled by a series of detectors, which results in the visual pro-

duction of cross-sections of approximately 10 mm thick. The output transmission is 

used to calculate the average attenuation coefficient along the length of the X-ray 

beam. Attenuation coefficients occur in terms of Hounsfield units (HUs), in which 

bone and other dense materials are equal to +1000, water is equal to zero, and the 

air is equivalent to −1000 [111]. Visceral organs, bone, skeletal muscle, and adipose 

tissue have ranges of specific HUs, allowing their identification in cross-sectional 

images [106, 112].

CT has been used to measure the quality of several tissues, particularly skeletal 

muscle tissue. CT analysis of latter can distinguish between different types of tis-

sues based on their attenuation characteristics, which in turn can be presented 

according to tissue density and chemical composition. A typical density for skeletal 
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muscle is defined as having attenuation values in a range of 40–100 HUs [113]. Low 

mean values of attenuation will have higher lipid infiltration into the muscle [114].

Typical anatomical locations for measurements of skeletal muscle mass with CT 

are the thigh, the proximal femur, and the trunk [115]. However, the abdominal area 

at the level of the third lumbar vertebra is commonly used in most studies, as it 

relates well to the skeletal muscle mass throughout the body [116]. Also, research-

ers have used a single-slice CT of the total transverse psoas muscle area to identify 

sarcopenia [105].

 DXA

One of the popular techniques today for estimating body composition is DXA. The 

principle of using DXA to measure body composition at the molecular level is based 

on the notion that when an X-ray beam is passed through a complex material, the 

beam is attenuated in proportion to the composition of the material [117]. The DXA 

scanner emits two X-ray beams composed of photons at two different energy levels 

and, as a result of the interaction within the human body, the energy of the X-ray 

photon undergoes an attenuation that is directly related to the specific chemical 

compounds with which interacts. By knowing how many photons are transmitted 

with respect to the detected number, the amount of mineral can be determined, as 

well as soft tissues (fat mass and FFM) at the level of the whole body or body region 

(although it does not distinguish visceral and subcutaneous fat in the abdominal 

region) [118]. Skeletal muscle and adipose tissue mainly consist of water and 

organic compounds, which restrict the flow of X-rays less than bone [111], so DXA 

will reflect changes in hydration as a change in lean tissue [100].

The radiation dose varies by model and manufacturer, but is generally small, 

which makes DXA a safe option for repeated measurements of body composition 

[119]. In addition, DXA allows the measurement of three compartments of body 

composition and can provide regional estimates for each of them. This last property 

has been used to estimate the mass of the appendicular skeletal muscle (ASM) by 

measuring the amount of lean soft tissue in the upper and lower extremities, which 

is mainly skeletal muscle [118]. ASM is largely used in the study of sarcopenia and 

a low ASM is one of the parameters on which all available definitions of sarcopenia 

are based [16].

However, one should be aware that DXA does not measure skeletal muscle mass 

directly since some percentage of the mass identified as lean is not muscular and 

probably includes connective or fibrotic tissue, water and organic mass [120]. There 

are many ways to represent body composition, but a popular approach in recent 

years has been the use of indexes normalized by height of the subject. Such as the 

lean mass index (LMI: total lean mass/height2), appendicular lean mass (ALM: 

arms lean mass  +  legs lean mass) and skeletal muscle mass index (SMI: ALM/

height2) [121, 122]. These have been proposed as parameters for the evaluation of a 

reduction in skeletal muscle mass which, in turn, is critical in the sarcopenia 

diagnosis.
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 Bioelectrical Impedance Analysis (BIA)

The use of BIA to measure the composition is based on the notion that tissues rich 

in water and electrolytes are less resistant to the passage of an electric current com-

pared to adipose tissue, which is rich in lipids. The accuracy of the estimation of 

BIA muscle mass is specific to the device and the test population [123]. The best 

results are obtained when the equation is validated for both the BIA device and the 

population. The most used equation for the estimation of skeletal muscle was devel-

oped by Janssen et al. and is presented below [124]:

 Ske ass kg
height bioelectrical resistance
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The SMI (kg/m2) is obtained by dividing the absolute muscle mass by the squared 

height [125], being used as a variable for the diagnosis of sarcopenia [126]. However, 

it has been shown that BIA results are confused by fluid retention. Hydrostatic 

abnormalities, peripheral edema, and the use of diuretic medications may affect the 

validity of BIA measurements in older people [127].

The main concern about this tool is that BIA does not measure any compartment 

of the body and is considered a doubly indirect method. BIA does not measure any-

thing beyond impedance or its two components, resistance and reactance [128]. By 

using these variables, in combination with other covariates such as sex, weight and 

height, BIA can estimate several body compartments that are used as a substitute 

measure of skeletal muscle mass, according to the reference method used to develop 

the equations/algorithms [129].

 Anthropometry

The imaging equipment mentioned above is not available in low-income clinical 

settings, such as primary health care centers, which represent the first point of 

access for the majority of older people with muscle disorders [130]. In such situa-

tions, the estimation of body composition and skeletal muscle mass through anthro-

pometric measurements may allow a safe and effective initial evaluation [131]. 

Anthropometry is a technique that offers excellent portability, applicability, and 

economy in its use for various environments, being also a non-invasive tool with 

which the health professional can evaluate size, proportions, and body composition. 

In contrast to some body imaging techniques, it does not employ ionizing radia-

tion [132].

The inherent errors overshadow the clear advantages of anthropometric tech-

niques. These errors at the level of the evaluator, the instrument, and changes in the 

body composition of the tissue. The evaluator mistake can be minimized by proper 

training and by performing several measurements on the same subject. On the other 

hand, to reduce the error of the instrument, it is necessary to use high quality 
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measuring devices, developed for anthropometric purposes. Regarding changes in 

the composition or physical properties of tissues, alterations in muscle tone or fluc-

tuations in hydration are factors that can alter the results [132]. Changes in body 

water lead to changing the proportion of muscle area, such as can occur in the arm 

[133]. These same effects are caused by the infiltration of fat or connective tissue in 

lean mass [132].

Among the anthropometric measurements that can be found to measure skeletal 

muscle mass are arm circumference and calf circumference (CC) [134]. CC has 

been recommended for several years [135, 136] as a more sensitive measure than 

other anthropometric measurements (e.g., arm circumference) to assess the global 

muscle mass loss in the elderly. The first studies that used the measurement of CC 

reported a correlation between the decrease in CC and the decrease in physical 

activity, as well as the fact that CC has a significant relationship with the FFM in the 

elderly [135].

The World Health Organization (WHO) published a report in 1995 developed by 

a committee of experts in which it describes the use and interpretation of anthro-

pometry. These reinforce the idea of previous studies recommending CC as the most 

sensitive measure of skeletal muscle mass in older people, capable of indicating 

changes in FFM that occur with aging and by decreased physical activity [137].

At present, this measurement has been widely investigated around the world, 

obtaining a significant variability of values in terms of ethnicity and geographical 

distribution. A correlation between CC and the appendicular skeletal muscle mass 

index (ASMI) [138] and skeletal appendicular muscle mass [139] has been 

described. It is also used in the diagnosis of sarcopenia [138–141].

7.4  Invasive Evaluation of Skeletal Muscle Mass

 Skeletal Muscle Biopsy

The percutaneous biopsy technique is used to obtain skeletal muscle samples, this 

being a minimally invasive and relatively safe procedure. Most subjects undergoing 

skeletal muscle biopsy report few changes in their ability to perform their daily liv-

ing activities [142]. Duchenne was the first to build a needle with a trocar to obtain 

a skeletal muscle sample from living subjects through a percutaneous biopsy [143]. 

In the 1960s, Bergström introduced a percutaneous biopsy needle similar to that 

described by Duchenne [144, 145]. This technique has encouraged the diagnosis of 

myopathies and the understanding of the structure and function of skeletal muscle. 

Molecular and cellular studies in skeletal muscle require samples obtained primar-

ily from the vastus lateralis muscle. Classically, a muscle biopsy is described as an 

open procedure in which the skin is cut so that a needle connected to a vacuum 

pump can be inserted to aspirate skeletal muscle tissue [144]. The procedure takes 

15–20 min, most of which to prepare the incision. In studies based on interventions 

such as physical exercise, muscle samples are often taken before and after the 
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activity, with one or two samples collected during recovery [146]. Alternatively, 

when shorter periods of physical activity are investigated, an incision can be made 

before exercise, covered with a sterile bandage and secured with surgical tape, thus 

allowing the biopsy sample to be taken quickly after completing a series of exer-

cises [147]. The relative speed of the procedure allows the researcher to capture 

cellular and molecular events before, during, and after an intervention.

The collected muscle samples can be used to observe a large number of vari-

ables, such as the determination of the type and proportion of muscle fibers [148], 

muscle damage quantification [148, 149], capillary density of muscle tissue [150], 

enzymatic and oxidative activity [151], protein synthesis [152, 153], inflammatory 

response markers [154] and oxidative stress [155], among others.

8  Physical Exercise as a Drug to Combat Skeletal Muscle 

Atrophy in the Older Population

During aging, there is a reduction in physical activity levels, which contributes to 

the loss of functionality [156]. However, the regular practice of exercise can mini-

mize the harmful effects of a sedentary lifestyle, increase active and independent 

life expectancy and control the development or progression of chronic diseases, 

which are characteristic of the aged population [157].

For such effects, the combination of aerobic and muscular strength activities 

seems to be more effective than any form of training alone, to counteract the detri-

mental effects on health, general well-being, and the functioning of the cardiovas-

cular and skeletal muscle systems. In addition, it is recommended to include 

modalities of flexibility and balance to the prescription of exercises for older people 

to improve problems of joint range and stability. Therefore, an ideal physical inter-

vention plan is one that comprehensively addresses the components that make up 

physical fitness (Table 6.2) [158].

8.1  Modalities of Physical Exercise in Older People

 Resistance Exercise Training (RET) or Muscle Strength

RET is an excellent intervention tool to combat skeletal muscle disuse, sarcopenia, 

frailty and consequently improve the functional capacity of older people [167], by 

increasing strength, FFM) and cross-sectional areas of muscle and muscle fiber 

[168]. RET is defined according to the type of exercise, characterized by repeated 

muscle contractions against an external load [169]. The contractions can be static 

(isometric), producing strength without joint movement or changes in muscle 

length. This is useful in older people when joint movement is restricted due to pain 
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Table 6.2 Recommendations to practice physical exercise in older people

Exercise type Recommendations Doses Examples

Resistance 

exercise 

training 

(RET) or 

muscle 

strength 

[158–160]

The development of muscle 

strength and endurance is 

progressive over time. This 

means that gradual increases 

in the amount of weight and 

the days per week of exercise 

should be planned so that 

sessions are not held on 

consecutive days

Frequency: 2–3 days/

week

Workload: Progressive 

training, low (40% 1RM), 

moderate (60% 1RM) and 

high (80% 1RM) load and 

power exercises (20% 

–40% 1RM)

Repetitions: 2–3 sets of 

8–12 repetitions that 

address major muscle 

groups (it is suggested to 

include stabilizing spine 

and core muscles)

A specific amount of time 

for muscle strengthening 

is not recommended

Exercises using 

exercise bands, 

weight machines, 

hand weights or 

calisthenic exercises 

(body weight 

provides resistance 

to movement)

Aerobic 

exercise 

training 

(AET) or 

endurance 

[159, 170, 

173]

Continuous exercise

Prefer aerobic activity or 

endurance that do not impose 

excessive joint stress

The increases should be 

gradual of cardiorespiratory 

resistance and preferably 

distribute the exercise to 

non-consecutive days, 

depending on the intensity of 

the training

Frequency: 3–5 days/

week

Intensity: Start with 

moderate load (50% 

–60% VO2max) to progress 

to high load (70% –80% 

VO2max)

Training time: 30 min 

(moderate) or 20 min 

(vigorous), or divided into 

3 series of 10 min

Older adults should do at 

least 150 min a week of 

moderate intensity, 

according to the effort 

perception scale (PSE) 5 

or 6/10, or 75 min/week 

of vigorous intensity 

(PSE) 7 or 8/10 to obtain 

substantial benefits for 

aerobic health.

Walking, dancing, 

swimming, water 

aerobics, jogging, 

aerobic exercise 

classes, bicycle 

riding (stationary or 

on a path)

Stretching or 

flexibility 

training [159, 

164, 165]

Defined as any activity that 

maintains or increases 

flexibility using sustained 

stretches for each major 

muscle group

Static mode is preferred over 

ballistic stretching

This type of exercise is 

recommended to maintain the 

normal range of motion for 

daily activities, and is usually 

combined with warm-up or 

calm-down activities

Frequency: ≥ 2–3 days/

week

They generally 

complement aerobic or 

strength training sessions

Intensity: stretch to the 

point of tightness or slight 

discomfort

Repetitions: 2–4 for each 

stretch, maintaining the 

technique for 30–60 s

Static and dynamic 

elongations are the 

most used in the 

older population

Achieving an 

improvement in 

ROM, regardless of 

the type of stretch 

chosen

The use of ballistic 

stretching is not 

promoted, due to its 

complexity and 

associated risks

(continued)
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Table 6.2 (continued)

Exercise type Recommendations Doses Examples

Balance 

training [159, 

166]

Older adults at risk of falls 

should do balance training 

≥3 days/week and do 

standardized exercises of a 

strengthening program shown 

to reduce falls

Progressively difficult 

postures that gradually reduce 

the support base, with 

dynamic movements that 

disturb the center of gravity 

and stress the postural muscle 

groups

Frequency: ≥2–3 days/

week.

Training with 

proprioceptive 

characteristics, agility, 

walking

With progressive 

complexity, around 

postures, disturbance 

exercises, reduction of 

sensory input (eyes 

closed)

Walking backwards, 

sideways, on heels, 

on toes, and standing 

from a sitting 

position

Exercises can 

increase in difficulty 

by progressing from 

holding to a stable 

support (such as 

furniture) while 

performing the 

exercises to doing so 

without support

Tai Chi and yoga are 

alternatives that can 

help prevent falls

or injury. There are also dynamic contractions, which can be divided in concentric 

or eccentric [169].

Another form of RET is high-speed resistance training, or also known as power. 

This involves the use of rapid contractions with low external resistances at approxi-

mately 40% of the 1 repetition maximum (1RM). In older adults, it may be relevant 

to practice this modality because the disproportionate reduction of type II muscle 

fibers, translates into a rapid and progressive loss of muscle power [163, 170]. Other 

improvements attributed to the RET act on the muscular quality especially during 

the first phases of the training, increasing the rates of recruitment and/or discharge 

of the motor units. The benefits of this are observed in a similar way between older 

and younger people [170].

Regarding the prescription of this type of physical exercise, some reports show 

favorable changes on muscular endurance, the FFM, and body fat [171]. However, 

for increases in lean body mass in older people, training volume and age are vital 

determinants of therapeutic effectiveness, suggesting that higher doses result in a 

more significant adaptive response. Given this context, the current recommenda-

tions, which recommend a sequential increase in the load, should be modified 

towards the control of the total dose. This means the series performed, as well as the 

repetitions and weight lifted, to generate significant improvements in the physical 

condition [161].

In summary, the intervention of RET should be progressive in the total volume 

load, that is from 60% to 70% of 1RM towards high intensity (80% of 1RM), con-

trolling the number of repetitions and series, with a physical work applied to the 

whole body, 2 or 3 times a week [159].

Most of the research applied in older people is carried out using strength training 

machines, such as leg press, chest press, knee extension, and lat pulldown devices. 
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All of these are chosen because they represent the totality of muscles associated 

with functionality. It should be noted how essential the incorporation of the exer-

cises for the lower extremities is because the decrease in strength and skeletal mus-

cle atrophy during aging is superior in this region when compared to the upper 

extremities. For these reasons, the intervention of the lower extremities provides an 

excellent means of improving the capacity of locomotion and reduction of the risk 

of falling [160].

 Aerobic Exercise Training (AET) or Endurance

Aerobic training involves the participation of large muscle groups, which move 

rhythmically and steadily for prolonged periods [170]. The aerobic capacity mea-

sured using the maximum oxygen consumption (VO2max) shows a constant decrease 

with age of up to 10% per decade after 25 years. This decrease is mainly due to the 

reduction in cardiac output caused by an increase in peripheral circulatory resis-

tance [172]. Therefore, it is important to incorporate aerobic exercise in older adults 

to mediate age-related circulatory system detriments, such as elastic arterial stiff-

ness and endothelial vascular dysfunction. Favorable adaptations occur including 

lower heart rate at rest or at any submaximal workload, decrease in systolic, dia-

stolic and mean blood pressure during exercise or improvements in vasodilation and 

oxygen absorption capacity in trained muscle groups [162].

Similarly, AET programs contribute to protective metabolic cardiovascular 

effects. These effects include reductions in atherogenic levels (reduced triglycerides 

and higher concentrations of HDL), increased transport of glucose in skeletal mus-

cle, and improved insulin action throughout the body, which ultimately leads to the 

reduction of cardiovascular risk [173]. This type of exercise also improves body 

composition, such that at moderate intensity (≥60% of VO2max), it is useful for the 

loss of total body fat and fat of the intra-abdominal region (>10%), both in a young 

or older population who are overweight. Also, it has effects on FFM by stimulating 

protein synthesis in healthy older individuals, so that it can lead to skeletal muscle 

growth, mainly of the slow myofibers [174]. Despite this, the statistical power of the 

effect of muscular hypertrophy is significantly higher for resistance training, which 

also benefits the population suffering from chronic diseases such as diabetes, obe-

sity, and heart failure [175, 176].

Supervised programs that seek to improve aerobic capacity should be executed 

at a sufficient intensity (≥60% VO2max), frequency (≥3 days/week), and adequate 

duration (≥16 weeks), both in healthy middle-aged and older adults [159].

 Stretching or Flexibility Training

Flexibility corresponds to the ability to move a joint through a full range of motion 

(ROM) and is mainly dependent on tendons, bones, and muscle length [170, 177].
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During aging the ROM changes, triggering a loss that varies in each individual. 

From the age of 71, flexibility decreases on average by 20–30% in the hip and spine 

and 30–40% in the ankle, especially in women [164]. These effects result in a lim-

ited range of movement in the joints, which can lead to an increased risk of skeletal 

muscle injuries, falls, and less efficiency in the gait due to the reduction in stride 

length, speed, and balance, typical of the elderly [178].

Given this context, stretching can maintain and/or improve musculoskeletal flex-

ibility and increase the quality of body movement [179, 180]. There are different 

modalities, such as treating this component of physical fitness, among which static 

stretching (SS) exercises stand out. SS is defined as the most effective alternative to 

improve joint range and prevent damage to muscles and tendons. Its application is 

recommended after an aerobic training of resistance or muscular power. The con-

tractile capacity of the musculoskeletal tissue is not altered, unlike the dynamic 

stretching (DS) that can also be used as an alternative to warming or in preparation 

to the movement and is recommended before the main training phase [181].

Despite the link between functionality and this type of training in older people, 

there is little research dedicated to examining dosage, types of elongations, timing 

of application, and regarding the impact on flexibility around health outcomes in 

general [165, 182].

Concerning dosage in older people, there are more significant gains in the ROM 

with longer durations of stretching (30–60  s). The repetition of each elongation 

exercise is most effective when done 2–4 times. Improvements after 3–12 weeks of 

training are observed if performed at a frequency of at least 2–3 times weekly, with 

more significant progress if done daily. The main objective is to reach 60 s of total 

stretching time per flexibility exercise, resting between stretches for approximately 

30–60 s [159].

 Balance Training

The balance gives the possibility of maintaining the center of mass of the body 

within the limits of the support base. For this purpose, the postural control synchro-

nizes several systems including sensory (i.e., vestibular, visual, somatosensory), 

cognitive (central nervous system), and skeletal muscle ones [183].

Balance disorders increase in the geriatric population, as a result of multifacto-

rial causes, presenting weakness in the core stabilizing muscles, alteration in muscle 

activation patterns, loss of proprioception and the ability to control central process-

ing and normal muscular effectors, which contributes to deficiencies in stability and 

balance. This exposes older people to the risk of falls in situations that demand bal-

ance [184]. Consequently, many older adults are at risk of falling during their 

ADL. In most cases, falls and associated injuries impair the quality of life and cause 

physical limitations, anxiety, loss of confidence, and fear of movement [185]. For 

these reasons, adapted physical activity programs have been suggested to improve 

the balance control of older participants. Among the components of this type of 

training, of the main challenge is to integrate the sensory and neuromuscular 
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systems in accordance with the information and adaptation to the needs of the envi-

ronment. This must consider changes in the direction of travel, orientation in space, 

speed or height of the center of mass and thus allow the overcoming of challenges 

such as double or multiple tasks improving the stability and speed of walking 

[186, 187].

Following the beneficial effects of the inclusion of balance exercises to a training 

program in the older people, the combination of movements that include balance 

and coordination are recommended, such as tai chi and yoga, that incorporate motor 

skills, agility, and proprioceptive training [188–191]. For balance exercises, it is 

recommended to perform 2–3 sessions per week, for periods of at least 8 weeks, as 

a tool to improve part of physical fitness, agility, quality of life, and reduce the risk 

of falling [159, 161, 170, 171].

 Final Considerations

Aerobic and resistance exercises should be applied to restore or maintain indepen-

dence in ADLs, where mainly activities that involve the muscle strength component 

prevent, delay or modulate frailty, along with regulating the disproportionate 

increase in sarcopenia. Increasing muscle protein synthesis, skeletal muscle mass, 

improvement of neural recruitment, and muscle strength ensure more positive 

effects. The combination of these components of physical fitness (cardiorespiratory 

capacity and muscular strength) [158, 165, 171] has produced beneficial effects on 

body composition [161, 168, 174, 175] and functionality, as well as in general well- 

being among elderly users [159, 166].

It should be kept in mind that older people have a high risk of falling, due to dif-

ficulties in their motor capacity and locomotion, resulting from reduced flexibility, 

balance, or coordination. Therefore, among the variety of modalities of physical 

exercise are the tools to improve the detriments of older people. It is essential, also 

consider each component of the physical condition decreased or altered, in the 

development of a training program for older adults along with adequate planning 

around dosing and periodization, to achieve improvements in physical performance 

and quality of life.

9  Conclusions

The best way to evaluate an older person is through their muscular strength, skeletal 

muscle mass and physical performance. There are several ways to assess these 

parameters, which will depend on the clinician or researcher on which one to choose 

according to the context in which it is found and the available economic resources. 

Among the strategies we have to combat skeletal muscle atrophy due to aging (or 

sarcopenia) is physical exercise, which has shown greater beneficial effects com-

pared to other strategies such as nutritional or pharmacological ones. Therefore, 

G. N. Marzuca-Nassr et al.



149

different training modalities have been carried out to counteract the problems asso-

ciated with decreased muscle strength, skeletal muscle mass loss, and decreased 

physical performance. Among these, aerobic and resistance training have been 

shown to have more significant benefits over those of balance and flexibility, with 

resistance training being the most effective due to its ability to increase skeletal 

muscle mass and muscle strength in older people and, consequently, improve physi-

cal performance. Funding Supported by FONDECYT  - Chile (Grant Number 

11180949) and Dirección de Investigación (DIUFRO) of Universidad de La Frontera 

(Grant Number DI18-0068). FAPESP, CNPq, and CAPES support the Rui Curi 

Research team.
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