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Abstract: Aging is associated with a decrease in functional capacity, manifested by a loss of strength,
physical performance and muscle quality. Multicomponent training (MCT), characterized by the
combination of at least three types of training, could be a good strategy to counteract these changes. To
date there are no studies evaluating the effectiveness of MCT in improving both physical performance
and muscle quality simultaneously. The aim of this study is to evaluate the changes produced by an
MCT program on both physical performance and muscle quality in a population of healthy older
adults. Sixteen healthy older adults were recruited to perform a 15-session multicomponent training
intervention. Physical performance was assessed by different functional tests, and muscle quality
was assessed by tensiomyography and myotonometry. The main results of this study show some
improvement in functional tests, but not in muscle quality parameters, except for vastus lateralis
stiffness. MCT is able to generate improvements in the physical performance of older adults, but
these improvements are not reflected in muscle quality parameters measured by tensiomyography
and myotonometry.

Keywords: elderly; muscle quality; physical functional performance; multicomponent training

1. Introduction

During the last decades, the increase in life expectancy has been causing a general
aging of the population. In Europe, approximately 20% of the population is over 65 years
of age [1]. In addition, aging involves structural [2], metabolic [3], and neuroendocrine
changes [4] that influence the musculoskeletal system and ultimately lead to a decrease in
physical performance [2]. The World Health Organization (WHO) defined healthy aging as
"the process of developing and maintaining functional capacity that enables well-being in
old age" [5]. In this sense, emphasis is placed on the preservation of physical performance,
which ensures the person’s independence.

For their part, international organizations such as the European Working Group on
Sarcopenia in Older People (EWGSOP), emphasize i the importance of the assessment
of both strength and physical performance in the diagnosis of sarcopenia in their latest
consensus [6]. Moreover, the organization highlights the relevance of assessing not only the
quantity, but also the muscle quality (micro and macroscopic aspects of muscle architecture
and composition); and admits the current challenge of finding reliable tools capable of
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assessing it [6]. In recent years, several tools for assessing muscle quality, such as ten-
siomyography and myotonometry, have been developed. Tensiomyography is a valid and
reliable method of assessing muscle quality [7,8]. It assesses stiffness by measuring the
radial displacement of the transverse fibers of the muscle belly as a function of the time
in which the contraction occurs. Myotonometry is another valid and reliable method of
assessing muscle function used to evaluate the viscoelastic properties of tissues [9–12].
Although both tools are used to assess the intrinsic properties of tissues, their results cannot
be exchanged one for the other [13].

Regarding the different strategies to ensure "healthy aging”, physical exercise has been
shown to be effective in modulating aging-related changes, preventing muscle atrophy,
maintaining cardiorespiratory fitness and maintaining functional independence [14–16]. In
particular, multicomponent training (MCT) characterized by the combination of at least
three types of training such as resistance, aerobic, balance, and/or flexibility training has
shown to be effective in improving the physical performance in large sample randomized
controlled clinical trials [17] and meta-analyses [18]. In fact, the latest international consen-
sus on exercise in the older adults promotes the implementation of MCT programs as one
of the best strategies for improving strength, balance and gait, as well as reducing falls [19].

Although the effectiveness of MCT in improving physical performance has been
extensively studied, to date there are no studies evaluating the effectiveness of MCT in
improving both physical performance and muscle quality. Thus, the aim of this study is to
evaluate the changes produced by an MCT program on both physical performance and
muscle quality in a population of healthy older adults.

2. Materials and Methods
2.1. Study Design

This is a quasi-experimental study. The study protocol was registered in ClinicalTrials.gov
with the code NCT05286723.

2.2. Participants

Twenty participants were recruited according to their availability to participate through
the Associació de Gent Gran Casal Anna Murià (Terrassa). Four participants were finally
unable to take part in the intervention, two for COVID reasons, one for having suffered a
fall prior to the measurements, and one for musculoskeletal issues.

The study was approved by the Research Ethics Committee of the Universitat Interna-
cional de Catalunya (CBAS-2021-08). All participants signed a written informed consent
document before enrolling in the study. Data protection laws were respected according to
the Helsinki declaration.

Prior to measurements, the attending geriatricians reviewed the absolute and relative
contraindications to participate in the intervention.

The inclusion criteria were (a) persons over 65 years of age, and (b) able to carry out a
therapeutic exercise program.

Exclusion criteria were (a) the inability to stand or ambulate in an unassisted manner,
(b) previous bone fracture in the last 6 months, (c) uncontrolled symptomatic cardiovascular
or respiratory disease, (d) uncontrolled hypertension, (e) current cancer under treatment,
and (f) inability to understand the information provided by the researchers.

An attendance percentage of 60% of the training sessions was established in order to be
included in the statistical analysis. Drop-out was considered only when the pre-intervention
assessment was completed.

2.3. Procedure

Once the subjects were contacted, it was confirmed that they met the inclusion/exclusion
criteria and they were scheduled for the evaluation. Pre-intervention measurements took
place in October 2021. First, anthropometric data were recorded and questionnaires were
handed out. Subsequently, muscle quality and physical performance were assessed. At the
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end of the intervention period, post-intervention measurements were taken in December
2021 following the same structure used previously.

2.4. Intervention

The intervention began in November 2021, and took place in the Casal Gent Gran
Anna Murià. The intervention consisted of 15 sessions of multicomponent training over a
period of 2 months, with a training frequency of two sessions per week. The duration of the
sessions was 1 hour. The intervention was carried out by a physiotherapist and a physical
trainer. During the sessions, a 15-minute warm-up was performed, which included joint
mobility exercises, gait work, active stretching, and balance and coordination exercises. The
main part of the training consisted of 30 minutes of strength training, in which pull, push,
squat and deadlift patterns were worked using dumbbells of different weights to adjust the
workload. The difficulty of the exercises was adapted for each of the participants. Three
sets of 8–12 repetitions were performed for each movement, increasing the load to ensure
a moderate-high intensity of 7–8 in rate of perceived exertion (RPE). A 90-second rest
was taken between each set. The session ended with 15 minutes of unmonitored aerobic
exercise, including collaborative games or going up and down stairs. Adherence to the
programme was documented in a daily register, and phone calls were made in case the
person did not attend the training session.

2.5. Variables

The variables measured can be grouped into physical performance variables and
muscle quality variables. To assess physical performance, the following tests were used:
Short Physical Performance Battery (SPPB), walking test, Five Times Sit-to-Stand Test
(5XSST), Timed Up and Go test (TUG), and handgrip strength. The muscle quality pa-
rameters assessed were contraction time and maximal radial displacement, measured by
tensiomyography, and stiffness as measured by myotonometry.

2.5.1. Short Physical Performance Battery (SPPB)

This is a test battery consisting of three tests. It consists of a balance test, a four
meters walking speed test and a test of sitting down and getting up from the chair five
times. Each result has a value of 0–4 points which is summed to obtain an overall score of
0–12 points. Test-retest reliability has been shown to be good to excellent (ICC 0.83–0.92),
and the inter-rater reliability (ICC 0.91) among acutely admitted older adults was shown to
be excellent as well [2].

2.5.2. Meters Walking Test (4WT)

This is a functional test that reflects the average speed in which the subject takes to
walk 4 meters. Although it is included in the SPPB battery, its score has a value by itself.
The test was performed twice and the one with the shorter time was chosen. Its reliability
has been previously studied (ICC = 0.96, 95%CI = 0.94–0.98; SEM = 0.01) [20].

2.5.3. Five Times Sit-to-Stand Test (5XSST)

This reflects the time in seconds it takes the person to sit down and stand up five times
from a chair, without the help of the arms. Although it is included in the SPPB battery, its
score has a value on its own. The test was performed twice and the one with the shorter
time was chosen [2].

2.5.4. Timed Up and Go Test (TUG)

This is a functional test that reflects the time in seconds that it takes the person to
get up from the chair, with the help of the arms, walk 3 meters, turn around an obstacle,
return to the chair and sit down again [6]. The test was performed twice and the one
with the shorter time was chosen. Its reliability has been studied previously (ICC = 0.98,
95%CI = 0.93–1.00; SEM = 0.7) [2].
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2.5.5. Handgrip Strength

This is a test that reflects the maximal grip strength in kilograms (Kg) using a hand
dynamometer [21,22]. The device used was the Jamar®dynamometer. In order to perform
the measurements, the subject was placed in a seated position with the arms supported
ensuring 90◦ elbow flexion with the wrists in a neutral position. Both the dominant and
non-dominant arms were measured. Three measurements were taken for each hand, with a
one-minute rest between measurements. The mean between the three measurements of each
hand was calculated and the hand that obtained the best results was chosen. The validity
and reliability of this device has been evaluated in previous studies (ICC = 0.98) [2,23]

2.5.6. Maximal Radial Displacement (Dm)

Concentric muscle contraction is produced by the sliding of the actin myofilaments
over the myosin myofilaments in the sarcomeres. As a result, a decrease in their longitu-
dinal section is generated, which in turn generates an increase in the cross-sectional area
of the muscle. This increase in cross-section is visualized by a displacement in a radial
direction, i.e., perpendicular to the muscle belly. Maximal radial displacement of the muscle
in millimeters is measured with tensiomyography under an involuntary contraction by
electrostimulation [13]. In the present study, the rectus anterior quadriceps and vastus
lateralis muscles were measured. To perform the measurement, the patient must be placed
in a muscle relaxation position, generally in the decubitus position. Two electrodes (TMG
electrodes, TMG-BMC d.o.o., Ljubljana, Slovenia) are placed on the most prominent part
of the chosen muscle belly at a distance of 5 centimeters between electrodes. In addition,
the Dc-Dc Trans-Tek®transducer (GK40, Panoptik d.o.o., Ljubljana, Slovenia) is placed
perpendicularly. Through an electrostimulator device (TMG- BMCd.o.o., Ljubljana, Slove-
nia) connected to the electrodes, an involuntary contraction of the muscle is generated,
causing radial displacement of the sensor and generating a time-displacement curve. The
amplitude is progressively increased from 20 to 100 mA by increments of 20 mA until
no further increase in Dm is recorded or the maximum point of the stimulator is reached
(i.e., 110 mA). Ten seconds of rest was performed between stimuli to minimize the effects
of fatigue and post-activation potentiation [24].

2.5.7. Contraction Time (Tc)

This reflects the time measured in milliseconds that the muscle takes to reach 10 to
90% of the maximal radial displacement (Dm) [24]. In the present study, the rectus anterior
quadriceps and vastus lateralis muscles were measured using tensiomyography.

2.5.8. Stiffness

It is a variable determined by the ratio between the force produced by the mechanical
impulse and the depth of tissue deformation using myotonometry. Its unit of measurement
is newtons per meter (N·m−1). In the present study, the rectus anterior quadriceps and
vastus lateralis muscles were measured. To perform the measurement, the patient must be
in a muscle relaxation position. The sensor of the device is then placed perpendicular to
the most prominent part of the chosen muscle belly (only superficial musculature can be
assessed). From this position, a small pressure is exerted with the device on the tissue so that
it can perform three short pressure applications (15 ms) on the tissue [24]. Myotonometry
was performed using the MyotonPro device (MytonPro, Myoton Ltds., Tallinn, Estonia).

2.6. Statistical Analysis

A statistical analysis was performed using SPSS v.26 statistical software. The level
of significance was set at α = 0.05. The Shapiro-Wilk test was used to assess the normal
distribution of the variables. Descriptive statistics were performed for all the variables
analyzed. Quantitative variables were expressed by mean and standard deviation (in case
of normal distribution) and median and interquartile range (for non-normal distribution).
Qualitative or categorical variables were expressed as percentages. To evaluate the effect of
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the intervention, due to the sample size, a Wilcoxon test was performed using the pre- and
post-intervention values.

3. Results

The baseline characteristics of the 16 participants are shown in Table 1. As shown,
the majority of the sample (81.25%) were female, with a mean age of 76.5 (7.68) years.
The sample had a BMI considered as "normal", and were independent in their daily lives.
Moreover, as for the different tests of functionality, in all of them the mean was above the
cut-off points. In terms of adherence, the average attendance was 83.5% (12.2). Table 2
shows the changes produced after the intervention both in the functional tests and in the
variables related to functional quality.

Table 1. Baseline characteristics of the sample.

Variable

N (M/F) 16 (3/13)
Age, years 76.5 ± 7.68
Height, cm 151 ± 5.01
Weight, kg 59.6 (10.3) *

BMI, kg/m2 27.6 ± 3.96
Barthel, score 100 (0.0) *
FES-I, score 18 (4.0) *
PASE, score 111 ± 41.3

Attendance, % 83.5 ± 12.2
*, Median (IQR); BMI, Body Mass Index; FES-I, Falls Efficacy Scale-International; PASE, Physical Activity.

Table 2. Difference between baseline and post intervention.

Variable Baseline
Mean

Difference

95% Confidence Interval
Effect Size p-Value

Lower Upper

SPPB, score 12 ± 1.0 * −1.00 − − 1.00 0.346
5XSST, s 9.47 ± 1.75 1.50 0.10 2.71 0.72 0.027
TUG, s 9.56 ± 2.06 0.94 0.31 1.84 0.95 0.001

Walking Speed, m/s 1.05 ± 0.24 −0.06 −0.13 0.01 0.54 0.110
Handgrip Strength, kg 20.6 ± 7.9 * −0.35 −2.70 2.33 0.05 0.893

Contraction Time-RA, ms 35.0 ± 7.15 * 2.37 −5.12 14.49 0.28 0.410
Maximal Radial

Displacement-RF, mm 3.95 ± 1.95 −0.66 −2.53 0.30 0.51 0.126

Stiffness-RF, N·m−1 307 ± 53.2 7.89 −17.00 33.00 0.24 0.480
Contraction Time-VL, ms 1.77 ± 1.63 * 6.25 −4.15 22.73 0.33 0.327

Maximal Radial
Displacement-VL, mm 26.4 ± 18.3 * 0.19 −0.91 1.02 0.15 0.666

Stiffness-VL, N·m−1 318 ± 35.4 29.00 11.00 50.50 0.94 0.007

*, Median (IQR), SPPB, Short Physical Performance Battery; 5XSST, Five Times Sit to Stand Test; TUG, Timed Up
and Go test; WS, Walking Speed; HG, Handgrip Strength; Tc, Contraction Time; Dm, Maximal radial displacement;
St, Stiffness; RF, Rectus Femoris; VL, Vastus Lateralis.

4. Discussion

The present study aimed to evaluate the changes produced by an MCT program on
both physical performance and muscle quality in a population of healthy older adults. The
main results of this study show some moderate improvement in physical performance, but
no effect in muscle quality parameters, except for vastus lateralis stiffness.

As already explained in the introductory section, aging involves a series of local
and systemic changes, which cause changes in physical performance as well as in muscle
strength and quality. Specifically, Jacob et al. [25], concluded that older adults have lower
physical performance, as well as longer contraction times and greater muscle stiffness.
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In fact, loss of physical performance and muscle quality are key factors for the diagno-
sis of sarcopenia, and are in turn related to frailty and other adverse events, such as falls,
loss of dependency and even mortality [26,27]. For its part, the EWGSOP recognizes that
"there is no universal consensus on assessment methods for routine clinical practice" [6].
Fabiani et al. [28] propose tools such as tensiomyography as possible solutions to the as-
sessment of muscle quality. Myotonometry is another current alternative in the assessment
of muscle quality which provides complementary information to tensiomyography [29,30].

Regarding recommendations on the treatment of sarcopenia, there is a consensus that
MCT with an emphasis on resistance training is one of the first-line treatment options [19].
Actually, given the high prevalence of sarcopenia among older adults, some authors have
gone so far as to question whether the diagnosis of sarcopenia really matters, arguing that
resistance training should be prescribed to that entire population group [31]. However,
other authors recognize the particularity of this condition and the need for a specific
therapeutic exercise prescription [32].

In view of the results in terms of muscle quality, the question would be whether
myotonometry and tensiomyography are the best tools to assess it, or whether other tools
such as electromyography, ultrasound or even blood biomarkers could provide us with
better information on the state of skeletal muscle. Moreover, there is a need to study the
effectiveness of novel training techniques such as blood flow restriction in terms of physical
performance and muscle quality, as this could be a good alternative for older adults who
cannot tolerate the high loads of conventional resistance training [33], or in combination
with nutritional supplements [34].

This study has several limitations. First, the study has a relatively low sample size. In
addition, the study lacks a control group, so the observed changes may have been caused by
other factors, such as the tendency to decrease physical performance with aging. However,
given that trends in physical performance and muscle quality tend to decrease with aging,
it is unlikely that the improvements observed are due to other factors. As for the duration of
the intervention, it is likely that a longer duration would have led to significant changes in
muscle quality variables. Another limitation of the study is that the number of women was
significantly higher than that of men. In this sense, it is possible that the results obtained
in a population of men would be different. Finally, it is important to highlight that the
population studied was older adults with a high level of independence. It is possible that
in frail populations or those with comorbidities, the results obtained could be different.

5. Conclusions

MCT is able to generate improvements in the physical performance of older adults,
but these improvements are not reflected in muscle quality parameters measured by ten-
siomyography and myotonometry. Intervention studies are needed with larger populations
and control groups, as well as a lower level of functional capacity, in order to perform high
intensity training.
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5. Rudnicka, E.; Napierała, P.; Podfigurna, A.; Męczekalski, B.; Smolarczyk, R.; Grymowicz, M. The World Health Organization

(WHO) approach to healthy ageing. Maturitas 2020, 139, 6–11. [CrossRef]
6. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]
7. Martín-Rodríguez, S.; Loturco, I.; Hunter, A.M.; Rodríguez-Ruiz, D.; Munguia-Izquierdo, D. Reliability and measurement error

of tensiomyography to assess mechanical muscle function: A systematic review. J. Strength Cond. Res. 2017, 31, 3524–3536.
[CrossRef]

8. Lohr, C.; Schmidt, T.; Medina-Porqueres, I.; Braumann, K.-M.; Reer, R.; Porthun, J. Diagnostic accuracy, validity, and reliability
of Tensiomyography to assess muscle function and exercise-induced fatigue in healthy participants. A systematic review with
meta-analysis. J. Electromyogr. Kinesiol. 2019, 47, 65–87. [CrossRef]

9. Pruyn, E.C.; Watsford, M.L.; Murphy, A.J. Validity and reliability of three methods of stiffness assessment. J. Sport Health Sci. 2016,
5, 476–483. [CrossRef]

10. Bailey, L. Parameters Representing Muscle Tone, Elasticity and Stiffness of Biceps Brachii in Healthy Older Males: Symmetry and
Within-Session Reliability Using the MyotonPRO. J. Neurol. Disord. 2013, 1, 1–7. [CrossRef]

11. Feng, Y.N.; Li, Y.P.; Liu, C.L.; Zhang, Z.J. Assessing the elastic properties of skeletal muscle and tendon using shearwave
ultrasound elastography and MyotonPRO. Sci. Rep. 2018, 8, 17064. [CrossRef] [PubMed]

12. Nguyen, A.P.; Detrembleur, C.; Fisette, P.; Selves, C.; Mahaudens, P. MyotonPro Is a Valid Device for Assessing Wrist Biomechani-
cal Stiffness in Healthy Young Adults. Front. Sport. Act. Living 2022, 4, 797975. [CrossRef] [PubMed]

13. Labata-Lezaun, N.; López-de-Celis, C.; Llurda-Almuzara, L.; González-Rueda, V.; Cadellans-Arróniz, A.; Pérez-Bellmunt, A.
Correlation between maximal radial muscle displacement and stiffness in gastrocnemius muscle. Physiol. Meas. 2020, 41, 125013.
[CrossRef] [PubMed]

14. Wleklik, M.; Uchmanowicz, I.; Jankowska, E.A.; Vitale, C.; Lisiak, M.; Drozd, M.; Pobrotyn, P.; Tkaczyszyn, M.; Lee, C.
Multidimensional Approach to Frailty. Front. Psychol. 2020, 11, 564. [CrossRef] [PubMed]

15. Rebelo-Marques, A.; Lages, A.D.S.; Andrade, R.; Ribeiro, C.F.; Mota-Pinto, A.; Carrilho, F.; Espregueira-Mendes, J. Aging
hallmarks: The benefits of physical exercise. Front. Endocrinol. 2018, 9, 258. [CrossRef]

16. Garatachea, N.; Pareja-Galeano, H.; Sanchis-Gomar, F.; Santos-Lozano, A.; Fiuza-Luces, C.; Morán, M.; Emanuele, E.; Joyner, M.J.;
Lucia, A. Exercise attenuates the major hallmarks of aging. Rejuvenation Res. 2015, 18, 57–89. [CrossRef]

17. Casas-Herrero, Á.; Sáez de Asteasu, M.L.; Antón-Rodrigo, I.; Sánchez-Sánchez, J.L.; Montero-Odasso, M.; Marín-Epelde, I.;
Ramón-Espinoza, F.; Zambom-Ferraresi, F.; Petidier-Torregrosa, R.; Elexpuru-Estomba, J.; et al. Effects of Vivifrail multicomponent
intervention on functional capacity: A multicentre, randomized controlled trial. J. Cachexia Sarcopenia Muscle 2022, 33, 884–893.
[CrossRef]

18. Labata-Lezaun, N.; González-Rueda, V.; Llurda-Almuzara, L.; López-de-Celis, C.; Rodríguez-Sanz, J.; Bosch, J.; Vicente-Rodríguez,
G.; Gorczakowska, D.; Araluze-Arizti, P.; Pérez-Bellmunt, A. Effectiveness of multicomponent training on physical performance
in older adults: A systematic review and meta-analysis. Arch. Gerontol. Geriatr. 2023, 104, 104838. [CrossRef]

19. Izquierdo, M.; Merchant, R.A.; Morley, J.E.; Anker, S.D.; Aprahamian, I.; Arai, H.; Aubertin-Leheudre, M.; Bernabei, R.; Cadore,
E.L.; Cesari, M.; et al. International Exercise Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines. J. Nutr.
Health Aging 2021, 25, 824–853. [CrossRef]

http://doi.org/10.3390/ijerph17031006
http://www.ncbi.nlm.nih.gov/pubmed/32033397
http://doi.org/10.1007/s00223-019-00545-w
http://www.ncbi.nlm.nih.gov/pubmed/30972475
http://doi.org/10.1016/j.phrs.2021.105427
http://www.ncbi.nlm.nih.gov/pubmed/33453372
http://doi.org/10.1002/cphy.c120033
http://doi.org/10.1016/j.maturitas.2020.05.018
http://doi.org/10.1093/ageing/afy169
http://doi.org/10.1519/JSC.0000000000002250
http://doi.org/10.1016/j.jelekin.2019.05.005
http://doi.org/10.1016/j.jshs.2015.12.001
http://doi.org/10.4172/2329-6895.1000116
http://doi.org/10.1038/s41598-018-34719-7
http://www.ncbi.nlm.nih.gov/pubmed/30459432
http://doi.org/10.3389/fspor.2022.797975
http://www.ncbi.nlm.nih.gov/pubmed/35265831
http://doi.org/10.1088/1361-6579/abcdf4
http://www.ncbi.nlm.nih.gov/pubmed/33238250
http://doi.org/10.3389/fpsyg.2020.00564
http://www.ncbi.nlm.nih.gov/pubmed/32273868
http://doi.org/10.3389/fendo.2018.00258
http://doi.org/10.1089/rej.2014.1623
http://doi.org/10.1002/jcsm.12925
http://doi.org/10.1016/j.archger.2022.104838
http://doi.org/10.1007/s12603-021-1665-8


Int. J. Environ. Res. Public Health 2023, 20, 222 8 of 8

20. Peters, D.M.; Fritz, S.L.; Krotish, D.E. Assessing the reliability and validity of a shorter walk test compared with the 10-Meter
Walk Test for measurements of gait speed in healthy, older adults. J. Geriatr. Phys. Ther. 2013, 36, 24–30. [CrossRef]

21. Sánchez Torralvo, F.J.; Porras, N.; Abuín Fernández, J.; García Torres, F.; Tapia, M.J.; Lima, F.; Soriguer, F.; Gonzalo Marín, M.;
Rojo Martínez, G.; Olveira, G. Normative reference values for hand grip dynamometry in Spain. Association with lean mass.
Nutr. Hosp. 2018, 34, 15–18. [CrossRef] [PubMed]

22. Schaap, L.A.; Fox, B.; Henwood, T.; Bruyère, O.; Reginster, J.Y.; Beaudart, C.; Buckinx, F.; Roberts, H.; Cooper, C.; Cherubini, A.;
et al. Grip strength measurement: Towards a standardized approach in sarcopenia research and practice. Eur. Geriatr. Med. 2016,
7, 247–255. [CrossRef]

23. Peolsson, A.; Hedlund, R.; Oberg, B. Intra- and inter-tester reliability and reference values for hand strength. J. Rehabil. Med. 2001,
33, 36–41. [CrossRef] [PubMed]

24. Pérez-Bellmunt, A.; Labata-Lezaun, N.; Llurda-Almuzara, L.; Rodríguez-Sanz, J.; González-Rueda, V.; Bueno-Gracia, E.; Celik, D.;
López-de-Celis, C. Effects of a Massage Protocol in Tensiomyographic and Myotonometric Proprieties. Int. J. Environ. Res. Public
Health 2021, 18, 3891. [CrossRef] [PubMed]

25. Jacob, I.; Johnson, M.I.; Jones, G.; Jones, A.; Francis, P. Age-related differences of vastus lateralis muscle morphology, contractile
properties, upper body grip strength and lower extremity functional capability in healthy adults aged 18 to 70 years. BMC Geriatr.
2022, 22, 538. [CrossRef]

26. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300–307.e2. [CrossRef]

27. Dent, E.; Morley, J.E.; Cruz-Jentoft, A.J.; Arai, H.; Kritchevsky, S.B.; Guralnik, J.; Bauer, J.M.; Pahor, M.; Clark, B.C.; Cesari, M.;
et al. International Clinical Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management. J. Nutr. Health
Aging 2018, 22, 1148–1161. [CrossRef]
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