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Influence of Probe Position in the Measurement of Muscle
Thickness and its Association with Lean Mass: an Ultrasound Study
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SUMMARY: Skeletal muscles play a fundamental role in people's lives and their evaluation provides significant information on
health. Different tools have been used to evaluate muscle mass, and the evaluation of muscle thickness (MT) using uttzessund ha
included as an alternative, which can be performed with the probe in different positions; however, these could presees diffexen
objectives of this study were to determine whether there are differences in the measurement of MT in the vastus latenadisl€VL)
using the probe in the longitudinal or transverse position, and to determine its association with the lean mass of thbdoWwee li
results indicated no significant differences between MT measurements with the probe in the longitudinal and transvessépposition
=0.084). However, when associating these measurements with lower limb lean mass, it was found that transverse measwements had
strong association (r =0.547; p < 0.001), while longitudinal measurements had a moderate association (r =0.351; p =@0§gesthis
that measurements with the probe positioned transversely to measure the MT would be the best option. Therefore, it tdalsl e use
indicator of lower limb lean mass in the absence of tools, such as bioelectrical bioimpedance or magnetic nuclear resonance.
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INTRODUCTION

Skeletal muscle plays a fundamental role in people's It is now known that skeletal muscles undergo
lives, and its ability to produce mechanical energy makesritorphological changes in addition to mass loss, such as
possible to move, maintain posture, perform daily activitiegctopic infiltration of fat tissue (De Carvallebal, 2019),
and function in society (Frontera and Ochala, 2015). Musdiess of innervation, alterations in neuromotor junctions
tissue accounts for approximately 40% of the body magslerez-Mayorgaet al, 2020), and adaptations in muscle
maintains body temperature (Guderley, 2004), fulfillsirchitecture (Naricet al, 2021). This leads to a loss of
endocrine functions, and contributes to the maintenance rofiscle functionality in terms of strength, speed, and power
glucose levels (Pedersen and Febbraio, 2012). Therefof@uchomelet al, 2018), which leads to an increase in
studies on muscle mass have been of interest to the scientfignorbidities and mortality, and therefore, an increase in
community over the years, as it has been used as a powepublic health expenditure (Cruz-Jentoft and Sayer, 2019;
indicator of health (Heymsfielet al, 2015). Tielandet al, 2018).
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Different tools have been used to estimate the crosstudies that determined the variation between the
sectional area (CSA). A method that has gained space in theasurements with the probe positioned on the longitudinal
last time is the use of B-mode ultrasound, as it is consideredtransverse axis for the LV. Therefore, the aim of this study
to have a very low radiation risk and allows live assessmentss to determine whether there are differences between LV
(Tagliafico et al., 2022). Similarly, the equipment is MT measurements determined using the probe in the
becoming increasingly portable, allowing for the estimatiolongitudinal or transverse position, and to determine its
of muscle mass at the bedside (Tosett@l, 2017). This association with lower limb lean mass.
allows the performance of different types of assessments in
the muscle, which vary depending on the position of the
probe, such as muscle architecture, when the probe is plab&TERIAL AND METHOD
parallel to the longitudinal axis of the muscle (Naeical,

2021), or echogenicity if the probe is placed perpendicular

to the longitudinal axis of the muscle (Lopetzal, 2017). This study was conducted at the Laboratory of the

In particular, muscle thickness (MT) could be a potenti@asic Sciences Department of the Universidad San

health indicator because of its association with musc&ebastian, Valdivia, Chile. Its protocol evaluation was

function (Ikezoeet al, 2012; Abeet al, 2015a) and has approved by the scientific ethics committee of the University

been proposed as a valid method to obtain the CSA aff Granada, Spain (2380/CEIH/2021) and the Universidad

muscles in the lower limbs (Sponbeatkal, 2021) and, in San Sebastian, Chile (55-2021-20).

this way, early screening for decreased muscle mass or

monitoring of therapeutic interventions (Straseerl, Participants. Participants of both sexes and over 18 years

2013). Different muscle groups of both the upper and lowef age were included. Each participant was provided with

limbs have been used to determine the MT (Miyagaal, an informed consent form detailing the study information

2004). One of the commonly used protocols is the vastaad adhering to the principles of the Declaration of Helsinki.

lateralis (VL) muscle, which has been studied at differefthe participant characteristics are presented in Table I.

lengths using a measurement with the probe in the

longitudinal position (Limeet al, 2014; Marzilgeret al, Sample size estimationA study with similar characteristics

2020). was conducted (Vegat al.,, 2018). The number of
participants was required to obtain a statistical power of 80%,

The MT was defined as the distance between the degstatistical significance level of 5%, and an effect size of
and superficial aponeuroses. When the probe is positioned. The estimated sample size for this study corresponded
in the longitudinal axis, the aponeuroses are describedtai4 participants. Sixty participants were recruited for the
two parallel lines appreciated in the ultrasound imag&udy.

(Blazevich and Sharp, 2005), whereas in a transverse

measurement, the aponeuroses are presented witlJlmasonography. Ultrasound imaging was used to assess
curvilinear disposition, even with an irregular shape, showimguscle thickness (MT) in the dominant limb of each
different MT lengths in the same image (Zhou & Zhengparticipant. A linear probe programmed in B-mode with a
2021). This situation could generate variation in the Mrequency range of 7.5 10 MHz and a depth of 8 cm (Sonus,
measurement, even if the probe was positioned at the sabi¢O LCP) was positioned on the longitudinal and transverse
specific point. In this context, the MT determined on thaxes of the vastus lateralis (VL) muscle. The probe was
longitudinal axis could be altered or incongruent to estimat®vered with a large amount of conductive gel to prevent
the real muscle thickness at that specific point. Despite thkin pressure. The participants were positioned on the edge
possible incongruities in the measurement, we did not firaf a stretcher with 90° knee flexion and instructed to relax
their musculature at the time of the measurement, and they
were asked not to perform any physical exercise 48 h before

Table I. Participant characteristics. .
P the evaluation. Measurements were taken at 50% of the

n =60 . . .
Female / Male 22738 distance between the most proximal point of the greater
Age (years) 395+ 12.5 trochanter and most distal point of the lateral femoral
Height (cm) 163.1+93 condyle. Three images were captured at the evaluation site
Body mass (kg) 775+ 14.5 during the session, and the femur was placed at the center of
Body mass index (kg x m2) 29.1+5.0 the image to standardize each evaluation for transverse
Lower limb length (m) 0.8+005 measurement. software (ImageJ 1.42; National Institutes of
Mean lean mass of lower limbs (kg) 93%1.9 Health, Bethesda, Maryland, USA) was used to process and
Values are shown as mearstandard deviation. analyze the images. MT was determined as the distance
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between the deep and superficial aponeurosis. To calcul&tatistical analysis.Descriptive data are presented as mean
the total MT value along the longitudinal axis, three: standard deviation (SD), and normality was verified using
measurements were taken in each image, from the lovtee Shapiro-Wilk normality test. Pearson's correlation
limit of the superficial aponeurosis to the upper limit of theoefficient was used to determine the correlation between
deep aponeurosis. The first measurement was taken atttieMT measurements and lower limb lean mass. The paired
left end of the image, the second at the center, and the trsaimples Student's t-test was used to determine if there was a
at the right end, and the results were averaged. To determitiference between transverse and longitudinal MT
the total MT value in the transverse axis, two measurememgasurements, and Cohen's d effect was used to measure
were taken for each image: the first from the point of thihe effect size. The following scale was used to interpret the
deep aponeurosis closest to the superficial aponeurosis ampnitude of effect size: < 0.20 =trivial, 0.20 - 0.59 = small,
the lower limit of the superficial aponeurosis and the seco®d60 - 1.19 = moderate, 1.20 - 2.00 = large, and > 2.00 =
from the farthest point of the deep aponeurosis to the supeery large (Hopkinset al., 2009). All analyses were
ficial aponeurosis and the lower limit of the superficiaperformed using the JASP software (version 0.17), and
aponeurosis. All measurements were averaged to calculatatistical significance was set a£®.05.

total MT value (Fig. 1).

Anthropometric measurements Body composition, along RESULTS

with lower limb lean mass, was assessed using tetrapolar

bioelectrical bioimpedance analysis (Rice Lake Body

Composition D1000-3; Full Body, USA). The stature was All variables showed a normal distribution. When
assessed using a portable stadiometer (SECA, Model 2&8mparing the types of measurements there was only a
Hamburg; Germany to 0.1 cm). The dominant lower limbsmall" difference, which is not considered significant
length was assessed manually using a tape measure bdmtdieen those obtained with the probe positioned in the
on an anthropometric measurement protocol (Norton 201®)ngitudinal and transverse axis (p value:0.084) ( Table II),
and the lower limb length was determined as the distane®wever, when determining its correlation with the lean
(in meters) between the most proximal prominent point afiass of the lower limb, the measurements obtained with the
the femur and the most prominent distal point of the laterptobe positioned in the transverse axis presented a "strong"
malleolus of the fibula (Marzilgest al.,, 2020). positive association (r:0. 547; p value: < 0.001), on the other
hand, measurements taken with the probe
on the longitudinal axis only presented a
"moderate" positive association with lean
mass (r:0.351; p value:0.007) (Fig. 2).

Vastus

Ferrmor — Fig. 1. The measurements were performed
. B for each image. A: Image extracted with

the probe in the transverse position; B:

Image extracted with the probe in the

longitudinal position; blue dashed lines:

superficial aponeurosis; red dashed lines:
deep aponeurosis; MT1, 2, and 3: Number
of muscle thickness measurements.
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Table 1. Comparison between measurements made with the probe in a longitudinal and transverse position.
MT Longitudinal MT Transversal p value Effect Size (Cohen's d)
Mean MT (cm) 2.65+0.539 2.56+ 0421 0.051 0.257 small

MT Longitudinal: Muscle thickness determined with the probe in a longitudinal position. MT Transversal: Muscle thicknegsedetétimthe
probe in a transversal position. Values are shown as in8&n Statistical significance was established at p < 0.05.
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Fig. 2. Association between MT measurements and lower limb lean mass. a: MT measurements performed with the probeuititiad longit
position; b: MT measurements performed with the probe in the transverse position.

DISCUSSION

The objectives of this study were ) to determinetiffness (Ikezoest al, 2012). Similarly, a few years ago,
whether there are differences in the measurement of MTTitinesiet al (2018) proposed an assessment of sarcopenia
the LV using the probe in the longitudinal or transversasing MT evaluated using ultrasound in the LV (Ticiredsi
position and I1) to determine its association with lower limfal., 2018). A similar situation was considered by A&bal,
lean mass. The results indicated no significant differences 2015 who proposed predictive models to determine
between MT measurements with the probe in the longitudiregbpendicular lean mass using ultrasound measurements of
and transverse positions, suggesting that both positions ¢4 (Abe et al, 2015c).
be used interchangeably in the measurement protocol.

However, when associating these measurements with lower- ~ The association between MT and the cross-sectional
limb lean mass, it was found that transverse measuremestsa (CSA) of the lower limb muscles has been reported in
possessed a strong association, whereas longitudipaévious studies (Abet al, 2015b), which have established
measurements presented a moderate association, suggestirang relationships between MT of different lower limb
that measurements with the probe positioned transversetyscles and their CSA, such as the tibialis anterior (r =0.9)
present a higher predictive value for lower-limb lean mas@vartinson and Stokes 1991), hip adductors (r =0.95) (Ogawa
Therefore, it could be useful as an indicator of lower limbt al, 2012), and quadriceps muscles (r =0.82) (Fragtci,
lean mass in the absence of bioelectrical bioimpedance2@18). The findings of the present study add to those reported
magnetic resonance imaging. by these authors, where a moderate to strong association was
found between LV MT and lower limb lean mass.

Other studies have assessed the reliability of MT
measurements using ultrasound and their association with  To date, the differences between longitudinal and
functional parameters in different populations (Eretlal, transverse MT measurements of the LV have not been
2021.; De Souza Silvat al 2018; Strasseet al, 2013), considered. Although the results indicate that there were no
showing strong or moderate associations with physicsignificant differences in this measurement protocol, it is
activity level (Ichinoseet al, 1998), muscle strength, andpossible that there are other affecting factors, such as the
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position of the knee at the time of the evaluation, whictha informacién de la salud. Se han utilizado diferentes herra-
could be determinant because changes in muscle architecti@ntas para evaluar la masa muscular, y el tltimo tiempo se ha
have been demonstrated for different degrees of articulatit§uido la evaluacion del grosor muscular (MT) a través de la
(Kellis and Blazevich 2022). The individual anatomy of eacg;ograﬂa como una alternativa para estimarla, las cuales se pue-
subject and the specific point of measurement in the mus 5 real'za,r con la sonda en d'St.'maS posiciones, sin embarg.o’
. . . . . estas podrian presentar diferencias. Los objetivos del estudio
did not haye a umform size (Franatial, 2018). In this fueron determinar si existen diferencias en la mediciéon de MT
context, it is possible that a larger sample or measuremeRte| masculo vasto lateral (VL) utilizando la sonda en posicién
at another point in the muscle with another knee positidgngitudinal o transversal y determinar su asociacién con la masa
may reveal different results. magra de los miembros inferiores. Los resultados indican que no
existen diferencias significativas entre las mediciones de MT con
Itis important to note that, although the study showel@ sonda en posicién longitudinal y transversal (valor p: 0.084).
an association between lean mass and muscle thickng&sembargo, al asociar estas mediciones con la masa magra de
measured using ultrasound, a causal relationship could 5 M€mbros inferiores, se encontro que las mediciones trans-
be established. Furthermore, the correlation found does ﬁ/g{sales poseen una asociacion fuerte (r: 0.547; valor p < 0.001),

mientras que las mediciones longitudinales presentan una aso-

necessarily mean that greater muscle thickness alwaé@cic’m moderada (r: 0.351; valor p: 0.007). Esto sugiere que las

translates into greater lean mass, or vice versa. Other factgggiiciones con la sonda posicionada transversal para medir MT

such as hydration (Chereg al, 2023) and adiposity (De serian la mejor opcién. Por lo tanto, podria ser de utilidad como

Carvalheet al, 2019) may also influence muscle thicknesgyn indicador de masa magra de los miembros inferiores en caso

as measured using ultrasound. de no contar con herramientas como la bioimpedancia bioeléctrica
0 resonancia nuclear magnética.

CONCLUSION KEYWORDS: Masa magra; Sarcopenia; Calidad
muscular; Grosor muscular; Arquitectura muscular.

In conclusion, these results suggest that there are no
significant differences in muscle thickenss measuremerREFERENCES
with the probe in the transverse or longitudinal position.
However, the transverse probe position had a stronger
association with lower limb lean mass; therefore, thisbe, T.; Loenneke, J. P; & Thiebaud, R. S. Morphological and functional
measurement may be the most suitable for this purpose_relationships with ultrasound measured muscle thickness of the lower

. ] ST extremity: A brief reviewlltrasound. 23 (3)L66-73, 2015a.
However, further studies are needed to confirm these findin % T Thiebaud, R.S.. Loenneke, J.P. & Young, K.C. Prediction and

and to determine the best probe position for estimating lean yajidation of DXA-derived appendicular lean soft tissue mass by
mass in different parts of the body. ultrasound in older adultége (Dordr), 37 (6)L-10, 2015.
Blazevich, A.J. & Sharp, N.C.C. Understanding Muscle Architectural
Adaptation: Macro- and Micro-LevelCells Tissues Organs, 181(1)

. . 10, 2005.
ACKNOWLEDGMENTS . This paper will be part of the pe carvalho, F. G.; Justice, J. N.: Freitas, E. C.; Kershaw, E. E. & Sparks,

Rodrigo Lizama-Pérez Doctoral thesis conducted in the L.M.Adipose Tissue Quality in Aging: How Structural and Functional
Biomedicine Doctorate Program of the University of Grana- ?fF’liCtZS%;A%ste Tissue Impact Skeletal Muscle Qualitjrients,

da, Spain. The postdoctoral researcher Danl.e'IJer'e,z—Mayorg@ené’ 3.; Luo H. Ren. S.. Wang, N. & Wu, J. The Effects of Fluid
has a contract through the program “Recualificacion del Pro- pygration Status on Ultrasound Muscle Measurement in Hemodialysis
fesorado Universitario. Modalidad Margarita Salas”, Univer- PatientsJ. Ren. Nutr., 33(1314-8, 2023.

sidad de Granada / Ministerio de Universidades y Fond6&z-Jentoft, A. J. & Sayer, A.A. Sarcoperliancet. 393(101913636-

. ., 46, 2019.
Next Generation de la Union Europea. Endo, VY.; Ito, A.; Hotta, S.; Yakabi, A.; Onoda, K.; Tani, H. & Kubo, A.

Intraclass Correlation Coefficient of Trunk Muscle Thicknesses in
Different Positions Measured Using UltrasonograghyPhys. Ther.

RODRIGO LIZAMA-PEREZ, R.; MUNOZ-COFRE, R.; Sci., 33(3)283-7, 2021.
VIDAL-SEGUEL. N.: CHIROSA. R. |.: JEREZ- Franchi, M. V.; Longo, S.; Mallinson, J.; Quinlan, J. |.; Taylor, T.; Greenhaff,
MAYORGA. D.: INLI'ELA’NGELO L.: éHIROSA RIOS. R. P. L. & Narici, M. V. Muscle thickness correlates to muscle cross-

. [N " sectional area in the assessment of strength training-induced
L. Influencia de la posiciéon de la sonda en la medicion del gro- 9 9

s . _hypertrophyScand. J. Med. Sci. Sports, 28836-53, 2018.
sor muscular y su asociacion con la masa magra. Un eStuEIrgntera W.R. & Ochala, J. Skeletal Muscle?: A Brief Review of Structure
ecogréficolnt. J. Morphol., 41(2640-645, 2023. N "y P

and FunctionCalcif. Tissue Int., 96(3)83-95, 2015.
) Guderley, H. Locomotor performance and muscle metabolic capacities:
RESUMEN: El musculo esquelético cumple un rol fun- jmpact of temperature and energetic staBemp. Biochem. Physiol.
damental en la vida de las personas, y su evaluacion entrega mus. Biochem. Mol. Biol., 139(®71-82, 2004.

644



RODRIGO LIZAMA-PEREZ, R.; MUNOZ-COFRE, R.; VIDAL-SEGUEL, N.; CHIROSA, R. |.; JEREZ-MAYORGA, D.; INTELANGELO, L.; CHIROSA RiOS, R. L. Influence of probe
position in the measurement of muscle thickness and its association with lean mass: an ultrasoumid 3tidgrphol., 41(2540-645, 2023.

Heymsfield, S. B.; Gonzalez, M. C.; Lu, J.; Jia, G. & Zheng, J. Skeletdhgliafico, A. S.; Bignotti, B.; Torri, L. & Rossi, F. Sarcopenia: how to
muscle mass and quality: Evolution of modern measurement concepts measure, when and whyadiol. Med., 127(3228-37, 2022.

in the context of sarcopeni@roc. Nutr. Soc., 74(4355-66, 2015. Ticinesi, A.; Narici, M. V.; Lauretani, F.; Nouvenne, A.; Colizzi, E.;
Hopkins, W.G.; Marshall, S.W.; Batterham, A.M. & Hanin, J. Progressive Mantovani, M.; Corsonello, A.; Corsonello, A.; Landi, F.; Meschi, T.

statistics for stuiés in sports medicine and exercise scieived. & Maggio, M. Assessing sarcopenia with vastus lateralis muscle

Scie.Sports Exerc., 41(18-13, 2009. ultrasound: an operative protocAging Clin. Exp Res., 30(12437—

Ichinose, Y., Kanehisa, H.; Ito, M.; Kawakami, Y. & Fukunaga, T. 43, 2018.
Morphological and Functional Differences in the Elbow ExtensoTieland, M.; Trouwborst, |. & Clark, B. C. Skeletal muscle performance
Muscle between Highly Trained Male and Female Athletes. E and ageingJ. Cachexia Sarcopenia Muscle, 9819, 2018.
Appl. Physiol. Occup. Physiol., 78(209-14, 1998. Tosato, M.; Marzetti, E.; Cesari, M.; Savera, G.; Miller, R. R.; Bernabei,
lkezoe, T.; Asakawa, Y.; Fukumoto, Y.; Tsukagoshi, R. & Ichihashi, N. R.; Landi, F. & Calvani R. Measurement of muscle mass in sarcopenia:
Associations of muscle stiffness and thickness with muscle strength from imaging to biochemical markesging Clin. Exp. Res., 29(1p-
and muscle power in elderly wome&eriatr. Gerontol. Int., 12(136- 27, 2017.
92, 2012. Vega, E.C.; Jerez-mayorga, D.; Jara, C.C.; Guzman-guzman, |.; Ponce, A.R.
Jerez-Mayorga, D.; Delgado-Floody, P.; Intelangelo, L.; Campos-Jara, & Chirosa, LJ. Validity and reliability of evaluating hip abductor strength
C.; Arias-Poblete, L; Garcia-Verazaluce, J.; Garcia-Ramos, A. & using different normalization methods in a functional electromechanical
Chirosa LJ. Behavior of the muscle quality index and isometric device”.PLoS One, 13(8)-12, 2018.
strength in elderly womei®hysiol. Behav., 1(227)13145, 2020. Zhou, Y. & Zheng, Y. P. &ies in BioEngineering Sonomyography Dynamic
Kellis, E. & Blazevich, A. J. Hamstrings force-length relationships and and Functional Assessment of Muscle Using Ultrasound Imaging
their implications for angle-specific joint torques: a narrative review.  Springer. 1:2021.
BMC Sports Sci. Med. Rehabi., 14186, 2022.
Lima, K. M. M. E.; Carneiro, S. P.; Alves, D. D. S.; Peixinho, C. C. & De
Oliveira, L.F. Assessment of Muscle Architecture of the Biceps Femoris
and Vastus Lateralis by Ultrasound After a Chronic Stretching Prografrorresponding Author:
Clin. J. Sport Med., 25(155-60, 2015. Daniel Jerez-Mayorga
Lopez, P.; Wilhelm, E. N.; Rech, A.; Minozzo, F.; Radaelli, R. & PintoCam. de Alfacar, 21, 18071
R.S. Echo intensity independently predicts functionality in sedentaigranada
older menMuscle Nerve. 55(19-15, 2017. ESPANA
Martinson, H. & Stokes, M.J.Measurement of anterior tibial muscle size
using real-time ultrasound imagingur. J. Appl. Physiol. Occup.
Physiol., 63(3-4p50-4, 1991. -
Marzilger, R.; Bohm, S.; Mersmann, F. & Arampatzis, A. Modulation of-Mail: djerezmayorga@ugr.es
physiological cross-sectional area and fascicle length of vastus lateralis
muscle in response to eccentric exerdiemech., 11110016, 2020.
Miyatani, M.; Kanehisa, H.; Ito, M.; Kawakami, Y. & Eukunaga, T. TheQRCID ID: 0000-0002-6878-8004
accuracy of volume estimates using ultrasound muscle thickness
measurements in different muscle growps. J. Appl. Physiol., 91(2-
3):264-72, 2004.
Narici, M.; McPhee, J.; Conte, M.; Franchi, M. V.; Mitchell, K.; Tagliaferri,
S.; Monti, E., Marcolin, G.; Atherton, P. J.; Smith, K.; Phillips, B.;
Lund, J.; Franceschi, C.; Maggio, M. & Butler-Browne, G. S. Age-
related alterations in muscle architecture are a signature of sarcopenia:
the ultrasound sarcopenia indek.Cachexia Sarcopenia Muscle.
12(4y973-982, 2021.
Norton, K. I.Standards for Anthropometry Assessment. Kinanthropometry
and Exercise PhysiologiRoutledge, 68-137, 2018.
Ogawa, M.; Mitsukawa, N.; Bemben, M.G. & Abe, T. Ultrasound
Assessment of Adductor Muscle Size Using Muscle Thickness of the
Thigh.J. Sport Rehabil., 21(344-8, 2012.
Pedersen, B. K. & Febbraio, M.A. Muscles, exercise and obesity: Skeletal
muscle as a secretory orgatat. Rev. Endocrinol., 8(8)57-65, 2012.
De Souza Silva, C. R.; Dos Santos tapé\.; Rocha, T.; De Lima, D. A.
M.; Do Nascimento, T. & De Moraes, S. R. A. Quadriceps muscle
architecture ultrasonography of individuals with type 2 diabetes:
Reliability and applicabilityPLoS One, 13(1690205724, 2018.
Sponbeck, J. K.; Frandsen, C. R.; Ridge, S. T.; Swanson, D.A.; Swanson,
D.C. & Johnson, A.W. Leg muscle cross-sectional area measured by
ultrasound is highly correlated with MRIL.Foot Ankle Res., 14(%)
2021.
Strasser, E. M.; Draskovits, T.; Praschak, M.; Quittan, M. & Graf, A.
Association between ultrasound measurements of muscle thickness,
pennation angle, echogenicity and skeletal muscle strength in the
elderly.Age (Dordr)., 35(62377-88, 2013.
Suchomel, T. J.; Nimphius, S.; Bellon, C. R. & Stone, M.H. The
Importance of Muscular Strength: Training Considerati@prts
Med., 48(4)765-785, 2018.

645



