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Abstract
According to the revised European consensus on sarcopenia, muscle strength is the primary parameter of sarcopenia and is associated with adverse outcomes or physical limitation. This literature review aims to clarify how and why to measure and preserve muscle strength in older population. Overall, the relationship between muscle strength and physical function is impactedinfluenced by level of muscle mass, the degree of obesity (BMI), age and physical activity. Therefore, these factors are to be considered taken into account in the evaluation of muscle strength. It is necessary to have objective, reliable and sensitive tools to assess muscle strength, in different populations to detect and quantify weakness, to adapt physical exercises to patients’ capacity and to evaluate the effects of treatment. Handgrip strength measurement mightay be reasonablesuitable for clinical practice while the measurement of knee flexors/extensors strength with both 1RM and dynamometers is increasingly important yet restricted by the requirement of more relevant but limited by the need for special equipment.  Physical activity and nutrition are two important behavioral factors to maintain muscle strength. Combined exercise and nutrition interventions improved muscle strength to a more prominent degreegreater extent than exercise or nutrition alone.
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Highlights
· Overall, the relationship between muscle strength and physical function is impactedinfluenced by level of muscle mass, the degree of obesity (BMI), age and physical activity.
· It is necessary to have objective, reliable and sensitive tools to assess muscle strength.
· Handgrip strength measurement may be suitable for clinical practice while the measurement of knee flexors/extensors strength with both 1RM and dynamometers is more relevant but limited by the need for special equipment. Handgrip strength measurement might be reasonable for clinical practice while the measurement of knee flexors/extensors strength with both 1RM and dynamometers is increasingly important yet restricted by the requirement of special equipment.
· Physical activity and nutrition are two important behavioral factors to maintain muscle strength


1. Introduction
Aging process is associated with a progressive loss in muscle function, a downward spiral that may lead to functionality decline and frailty. The strong association between muscle strength and functional capacities has sparked growing interest in these associated factors. In addition to muscle mass, many other factors are associated with muscle strength, such as body weight, gender, physical activity. These factors will be developed in the present review. Moreover, according to the aim or the design of the study, there are different ways to measure and express muscle strength (i.e. absolute or relative muscle strength, muscle quality) which have advantages and disadvantages that are described below. Overall, this literature review therefore aims to clarify how and why to measure and preserve muscle strength in older population.
2. Why is it important to assess muscle strength?
A standout amongst the most critical consequencesOne of the most important consequences of the loss in physical performance was a noteworthymajor prognostic indicator for the development of physical disability, frailty, loss of physical autonomy, nursing home admission, hospitalization, and even mortality. In recent years, it has been appeared shown that larger muscle mass only is not adequate to keep up sufficient to maintain functional capacity in more establishedolder age [1, 2]. Despite the fact thatAlthough sarcopenia is relatedassociated with expandedincreased risk of physical disability and poorpoor quality of life, various investigationsa number of studies to date demonstratedshowed that muscle composition (i.e. muscle quality) instead ofrather than muscle mass is related to better physical function[1, 2].

According to the revised European consensus on sarcopenia, muscle strength is the primary parameter of sarcopenia [3] which is an Independent Condition by an International Classification of Disease, Tenth Revision, Clinical Modification (ICD-10-CM) Code. In fact, it is well recognized that strength is better than mass in predicting adverse outcomes or physical limitation [4-9]. Altogether, the progressive inadequacy mismatch between muscle mass and strength and power suggests a progressive deterioration of muscle “quality” that also could be illustrativeperceived as being representative of the age-relatedassociated decreased ability of muscle to adapt to its environment, as for example following a bed rest or during a training program. Muscle quality, referring both to micro- and macroscopic changes in muscle architecture and composition, and to muscle function delivered per unit of muscle mass, is also impaired with aging [3].  Indeed, severala number of studies demonstratedshowed that muscle quality rather than muscle mass is linkedrelated to better physical function [10].  More evidence has showndemonstrated that muscle strength would be a better indicator of functional capacity, risks of hospitalization, and mortality than muscle mass [2, 11]. In light of this, low muscle quality (defined as the ratio of strength to muscle mass) and low muscle strength have been suggested as potential indexes for identifying individuals at risk of functional impairments [12, 13]. 
3. Factors influencing muscle strength?
Throughout the literature, dDifferent factors potentially influencingthat could influence muscle strength decline and its relation with functional capacities have been identified in the literature. The most important factors are described in the present section.
3.1. Age
Aging process is accompanied by a process leads to a distinct loss of muscle mass and strength loss [14]. Maximum strength is  between 20th and 30th life years [15, 16]. Pronounced Cchanges marked with aging process occurtake place after 50th life year. From this age, we observe a loss of muscle strength of 1.5–5%/year [17, 18]. According to Leblanc et al., age would explain 6-44% of the variability of muscle strength [19]. The loss of muscle strength with age comes along with is accompanied by a decrease in muscle quality [12]. This is more greater in lower limbs than in upper limbs [20]. Moreover, the decrease in muscle quality is observed when muscle strength is measured using a concentric approach [21, 22] whereasile the findings are more contradictoryflicting when muscle strength is assessed using isometric [21, 23] or eccentric approaches [24, 25]. FurthermoreFurthermore, the way muscle mass is estimated influences the relationship between the relationship between muscle quality and age. is dependent on how muscle mass is estimated. 
3.2. Sex
Evidence suggests that sex differences may exists in muscle strength and muscle quality. Lebland et al. highlighted a strong association between muscle strength and sex (explaining 40–74 % of the variance) [19]. Men and women have a similarThe ratio muscle strength/muscle mass ratio at the level of the legs, but it is higher in men than in women for the arms  but similar in the legs [18]. Previous work had already shown that, compared to men, the women were approximately 52% and 66% as strong as the men in the upper and lower body respectively. Based on lean body mass, tThe men were also stronger relative to lean body mass [26]. A sex difference in muscle strength decline is also reported in the literature. Longitudinal studies [27, 28] highlighted a larger decrease over time for muscle strength (i.e. knee extensors) in men compared to women.
3.3. Cognition and education
In the literature, poorlow cognitive functionning is a predisposing factor for low muscle strength [29]. Longitudinal and cross-sectional studies showed that poorlow cognitive functionning was related tofound to be associated with a faster decrease in handgrip strength in community-dwelling older people [30] or hospitalized older patients [31]. The level of education is also another factor positively associated with muscle strength. [32] 
3.4. BMI/Obesity
Compelling evidence suggestsThere is also a growing body of evidence which suggests that overweightexcess weight or obesity may increase the risk of functional decline and mobility disability in older adult [33]. In this sense, it is recognized that BMI could explain 2-16% % of the variability of muscle strength [19]. Published data implysuggest that higher BMI in adults over 70 years is positively correlated with higher grip strength [34, 35]. However, Stenholm et al. highlighted that there is an association between long-term exposure to obesity and is associated with poor hand grip strength later in life in persons aged 55 years and older [36]. Similarly, increasing fatty infiltration of muscle tissue is associated with decreasing muscle strength [28]. Higher fat mass content may also speed up the alteration of Impairment of muscle quality may also be accelerated by higher fat mass content. Then, Rolland et al. reported that muscle quality (i.e. muscle strength adjusted for muscle mass) did not differ significantly between obese, normal-weight and lean subjects [37]. It has been also observed that active older women with  that abdominal obesity doesmay not necessarily lead to have a reduction ofuced functional capacity among active older women, if lower limb muscle strength is maintained [9]. Nevertheless, the extent to which the increase in body fat contente (obesity) worsens the relationship between the metabolic, mechanical properties of skeletal muscle and poses higher risk on functional capacity and future disability in older adults cannot be said with certainty it is inconclusive how much increased body fat content (obesity) worsens the relationship between the metabolic, mechanical properties of skeletal muscle and poses higher risk on functional capacity and future disability in older adults since age, sex and history of obesity can influenced these conclusions. 
3.5. Physical activity
Physical activity is another factor influencing muscle strength since it explains 1-3% of the variability of muscle strength [19]. Cooper et al. highlighted that grip strength and physical activity were linearly and positively associated with each other in cross-sectional analysis including 66 582 men and women [38]. The study of Bartels et al. also reports that the level of daily physical activity during leisure was positively correlated to muscle strength in the lower extremities [32]. In addition, Barbat-Artigas et al. observed that voluntary long-term engagement in physical activity (either in resistance or aerobic exercises) beyond 60 years old is beneficial for muscle quality and should be encouraged [39]. Given these findings, physical activity is a modifiable lifestyle variable that could be interesting in the prevention and the management of muscle strength decline. Consequently, this aspect will be developed in the appropriate section below (i.e. how to manage or treat loss of muscle strength).
Overall, the relationship between muscle strength and physical function is impactednfluenced by level of muscle mass, the degree of obesity (BMI), age [39] and physical activity [40].
4. How to assess muscle strength?
It is necessary to have objective, reliable and sensitive tools to assess muscle strength, in different populations (especially in intensive care, geriatrics, pediatrics, athletes) to detect and quantify weakness, to adapt physical exercises to patients’ capacity and to evaluate the effects of treatment [41]. Although muscle strength of has been assessed in several muscle groups can be assessed, the most frequently evaluated are handgrip and knee flexors and extensors appear to be the two main muscle groups studied. Two methods are mainly used to measure muscle strength: one-repetition maximum and dynamometry. One repetition maximum (1RM) is a measure of the maximum weight a subjectsamount of weight one  can lift in a single repetition for a given exercise and it is the reflect of, which can be used for determining an individual’s maximum strength. Dynamometers are devices that generally allow isometric and isokinetic measurements of strength such as concentric or eccentric torque at various velocities. Thus, this chapter aims to describe and discuss the different ways of expressing (muscle groups) and measuring muscle strength according to clinical and research purposes.
4.1. Handgrip strength
Handgrip strength measurement is extensively used as a measure of overall strength in many areas of medicine and sport science as a functional test of overall strength [42]. Indeed, handgrip strength shows a good correlation with leg strength [43]. Handgrip strength is also used as an indicator of general health [44], nutritional status [45], and has been recently suggested as risk-stratifying method for all-cause mortalitydeath [6]. A recent international survey indicated that clinicians, both from the fields of geriatric medicine and rheumatology, generally used grip strength to assess muscle strength in their daily practice [46]. Widespread use of  the grip strength test results from its high reliability [47] and its easy access [48]. Indeed, the method is inexpensive, and does not require a specialist trained staff [49]. Moreover, it is non-invasive [50]. 
The Jamar dynamometer, or similar hHydraulic dynamometer, such as the Jamar dynamometer, is the gold standard for this measurement. However, for patients with advanced arthritis, the design of this dynamometer is not suitable may be a limitationfor patients with advanced arthritis [51]. In this case, a good alternative is theA pneumatic dynamometer, such as the Martin vigorimeter., may be a good alternative. This flexible pear-shaped vigorimeter is available in three sizes, will facilitate the measurement of grip strength in these special cases. Roberts et al. have developed a standardized protocol to assess grip strength, in order to make the studies comparable to each other [52]. During the standardized evaluation, Standardized conditions for the test include seating the subject need to be sitting onin a standard chair with their forearms resting flat on the armchairs. Clinicians should demonstrate the use of the dynamometer and encourage the patients to squeeze the dynamometer as hard and as tightly as possible during 3–5 seconds. Three measures of each arm should be performed and, show that gripping very tightly registers the best score. Six measures should be taken, 3 with each arm. Ideally, the patients should be encouraged to squeeze as hard and as tightly as possible during 3–5 seconds for each of the 6 trials; usually, the highest reading of the 6 measurements is reported as the final result [53]. A variety of thresholds of grip strength have been proposed to characterize low muscle strength, ranging from 16 to 20 kg for women and 26–30 kg for men [54-57]. A limitation of grip strength may not overall strength of the body [58] and a measurement of isometric strength whereas most daily activities require dynamic muscle contractions.
4.2. Lower limb muscle strength
Lower limb muscle strength (i.e. knee flexors and extensors) is also often studied, since it  is significantly associated with gait speed and may be better associated with functional activities in comparison to handgrip strength [59, 60]. Both men and women showed An age-related declines in isometric is observed in both men and women. This is true for, concentric and eccentric strength but it is less marked with eccentric strength [61, 62]. Thus, lower limb muscle strength (i.e. usually strength of the knee extensors), is generally measured in isometric and/or isokinetic condition. 

Isometric strength method consists in measuring the isometric maximum voluntary strength during contractions performed at constant angular position against resistance. The result is specific to the fixed angular position and reflects the ability of the muscle group to generateproduce a force during isometric contraction (without variation in overall muscle length); it is therefore a measure of the static strength (as opposed to dynamic strength). A portable dynamometer could have a potential interest in clinical practice, especially outside medical centers, if it is simple to use, reliable and reproducible. However, it also has limitations in its measurement position, depending on the joint angle, the measurement site, the type of measurement, the type of muscle contraction and the speed of the movement. Standardization of measurement is therefore necessary and a protocol has been proposed recently [63]. In addition, bias in the assessment, such as the skill and strength of the evaluators, may affect the test results [64]. In 2011, Stark and his team synthesized the results of validation studies of portable dynamometers available in the scientific literature [65]. According to the authors, the reproducibility of portable dynamometers varies from "moderate" to "good". Other portable dynamometers are sometimes used without having been subject to any validation. It is therefore recommended to use tools that have been validated in quality scientific studies. The measurement of the isometric strength allows the establishment of bilateral differences and an agonist / antagonist ratio. However, this technique has a poor specificity for the evaluation of dynamic strength. In some cases, the clinician cannot be satisfied with an isometric evaluation and must access the dynamic strength (i.e. eccentric and concentric torque). 
Dynamic muscle strength can be precisely measured by the isokinetic method, which proposes a unidirectional analytical motion, performed at a constant angular velocity imposed by the experimenter [66]. These characteristics result from the intervention of a variable resistance, constantly enslaved to the subject's capacity for effort. The isokinetic technique guarantees maximum muscle contraction during the entire exercise, and for each degree of joint movement. The measured isokinetic strength is, therefore, the closest reflection of the physiological reality of muscle contraction. This technique is commonly used in athletes to characterize their muscle performance [67]  but also to detect bilateral asymmetries between homologous muscles or imbalances between agonist and antagonist muscles [68]. It is also a technique that has demonstrated its usefulness in clinical practice, for example in revalidation, in orthopedic patients [69]. However, isokinetic evaluation requires the use of sophisticated, expensive and non-portable measuring devices, which limits its feasibility in some environments. It should be noted that the use of the tools presented above may differ depending on the clinical context and measurement objectives. For example, if it seems worthwhile to recommend assessing grip strength in daily clinical practice, isokinetic therapy has added value in more specific clinical situations (e.g. muscle atrophy or unfavorable biomechanical conditions). 
4.3. Functional tests
The sit-to-stand test as well as the walking speed test are also widely used to assess lower limb muscle strength, mainly among older adults [70, 71].
The sit-to stand-test involves asking the subjects to stand up from a sitting position and to sit down 10 times as quickly as possible, with arms crossed, and the time required to complete the task is recorded. [72]. Variations of the sit-to-stand test include the maximum number of times a subject can stand up and sit down on a regular chair in a given period of time, usually 30-seconds or 1-minute [73]. Getting up and sitting in a chair involves activiation of lower limb muscles, this is why the sit-to-stand test represents a good alternative for measuring muscle strength of the lower limbs.[73, 74]. This tests is simple and quick to perform. It has the advantage of requiring minimal equipement (i.e. conventional chair with armrests and chronometer) and not requiring highly qualified personnel [73].
According to the recent systematic review of Graham, there is great variation in the methodology of walking speed measurement [75]. In the field of sarcopenia, gait speed is usually assessed in accordance with the instruction in Short Physical Performance Battery [76]. In brief, subjects are asked to walk at their usual speed for 4 m and the time required to perform the task is recorded.  Walking speed is positively associated with muscle strength and, because walking speed is a quick and easy test to administer, not limited to a specific health care discipline, and is a reliable, valid and sensitive measure [77], it is often included in clinical and epidemiological research studies [78, 79] to estimate lower limb muscle strength.
In conclusion, Handgrip strength measurement might be reasonable for clinical practice while the measurement of knee flexors/extensors strength with both 1RM and dynamometers is increasingly important yet restricted by the requirement of special equipment. handgrip strength measurement may be suitable for clinical practice while the measurement of knee flexors/extensors strength with both 1RM and dynamometers is more relevant but limited by the need for special equipment.Functional tests can be an alternative to this limit by allowing an estimate of lower limb muscle strength.


5. How to express muscle strength?
Muscle strength is defined has the force-producing capacity of muscle. Literature suggests dDifferent waymeans to express muscle strength, have been identified though the literature, each of these waymethods presents possessing advantages and limitations, mainly depending on the aim and the design of the study. From a clinical and public health point of view, it is important to dDeterminening a clinical index to identify individuals at risk of impairments. Such an index could  may help clinicianshealth practitioners to provide appropriate treatment for prevention of these negative outcomeevents in order to limit the society and families of this burden. Because, it does not require other measurements, aAbsolute muscle strength is the simplest way to express muscle strength since it does not require other measurements. However, relative muscle strength may be increasingly applicable to understandmore relevant in understanding the functional impairments. As described, in daily life, muscle strength relies upondepends on other variables such as body weight, muscle mass, BMI etc. [80] Thus, correcting muscle strength for these confounding variables could be relevant. In this sense, Ploutz-Snyder et al. suggest to correct muscle strength for body weight (i.e. relative strength) in order to determine physical function threshold [81]. In a perspective of muscle quality assessment, other teams recommend to control muscle strength for muscle mass [20, 82]. Indeed, expressing muscle strength per unit of muscle mass may allow to estimate the contribution of neuromuscular factors to changes in muscle strength. Strength muscle index (e.g. upper or lower in absolute, divided by body weight or muscle mass), is a predictive value Regardless of the muscle strength index used (upper or lower in absolute, divided by body weight or muscle mass), the risk of presenting of disabilities. In this sense, subjects with low index are, at least, 3 times more likely to have disabilities than subjects with high index value. is at least three times higher in individuals with low indexes values compared with individuals with high indexes values [83]. Among these indexes, the lower limber muscle strength divided by body weight index seems to be the most relevant. It is particularly appropriate in clinical setting because it is accessible and integratescombines two measures (body weight and quadriceps muscle strength). The predominant role of lower extremities in performing ADL has previously been emphasized [84, 85]. Misic et al. also highlightedfound that relative muscle strength was the best predictor of lower-extremity physical function in healthy older people [86]. Regarding Muscle quality a good indicator of muscle function, Theits ability of muscle quality indicator to discriminate individuals at risk of disability or functional performance decline appears to be lower than the ability of relative lower limb muscle strength. However, the choice of the tasks itself engaging or not lower limb to evaluate the accuracy of the method used to assess muscle strength may be biased. Thus, handgrip strength [87, 88] and mostly divided by body weight [89] is considered as a has been repeatedly shown to be a strong predictor of disability and mortality. More specifically, muscle function (e.g. quality) or body composition alone (e.g. muscle mass or fat mass percentage) are of little importance for performing the tasks of daily living (i.e.  walking, rising from a chair, or climbing stairs), as long as enough strength is generated to move the entire body.
 the tasks performed such as Walking, rising from a chair, or climbing stairs requires carrying its own weight suggesting that muscle function (e.g. quality) or body composition alone (e.g. muscle mass or fat mass percentage) may not matter as long as enough strength is generated to move the entire body. 
In conclusion, lower limbs are more relevant than upper limbs for gait and physical functions. However, relative handgrip strength (expressed as handgrip strength divided by body weight) should not be overlooked and used since it is a simple and accurate tool to predict physical disabilities in older population.
Proposed clinical cut point to identify older adults at risk:
Table 1 summarizes the various clinical muscle strength or quality cut-points validated in various studies: absolute [90] or relative [63] muscle strength; Upper [12] and lower [12] muscle quality. 
Clinical muscle strength cut-point was assessed as previously described [91], with type I corresponding to a value ranging from 1 to 2 standard deviations and type II corresponds to a value 2 SDs below the mean value of the our young reference population (i.e. healthy men and women aged 18 to 30 years) [91]. This reference population was composed of young healthy women and young healthy men aged 18 to 30 years. 
Muscle power was estimated using the 10 repetitions sit to stand equation [92] muscle mass and body weight using a bio-impedancemeter, and handgrip strength using a Lafayette dynamometer. All these tests were chosen since it is clinically feasible.
Table 1: various clinical muscle strength or quality cut-points
	
	Absolute handgrip 
strength (kg)
	Relative handgrip 
strength (HS/BW; kg/kg)
	Upper muscle quality
(HS/MM; kg/kg)
	Lower muscle quality
(MP/MM; W/kg)

	Normal 
	W: >20
M: > 32
	W: >0.44 
M: >0.61 
	W: > 1.53 
M: > 1.53 
	W: > 5.50
M: > 5.50

	Type I
	W: 20 ≥ X > 16
M:  32 ≥ X > 26
	W: 0.44 ≥ X > 0.35 
M: 0.61 ≥ X > 0.50 
	W: 1.53 ≥ X > 1.35 
M: 1.53 ≥ X > 1.36  
	W: 5.50 ≥ X > 4.08
M:  5.50 ≥ X > 4.33

	Type II
	W: ≤ 16
M: ≤ 26
	W: ≤ 0.35 
M: ≤ 0.50 
	W: ≤ 1.35 
M: ≤ 1.36 
	W: ≤ 4.08 
M: ≤ 4.33 


W= women, M = men; MM= muscle mass; MP = muscle power 
6. How to manage the loss of muscle strength in older adult?
A recent systematic review, including 34 articles, highlighted that exercise has moderate-to-large effects on muscle strength among older adults [93]. There is growing evidence suggesting that the best way to improve muscle function Resistance training is currently the most effective intervention to elicit improvements in muscle function [94] and physical performance [95-97] is resistance training. Several studies reported positive effects of resistance training on muscle strength [98]  and muscle quality [99-101] in older subjects.  In addition, mixed power training (power velocity training combined to functional exercise) is also efficient to counteract HS loss in dynapenic-obese older men [102]. Body and mind exercise could also be considered as another potential intervention to fight againstcounteract loss of muscle function in dynapenic older adults [8]. More importantly, it has been shown that cardiovascular training is as beneficial as resistance training to maintain muscle quality and to mitigate the decline in functional capacities in voluntary active individuals over the age of 60 [39]. Lack of time is the main barrier to be engage in physical activity. Thus, high-intensity interval training (HIIT), a subtype of cardiovascular training but shorter has been recently shown to be particularly effective in triggering beneficial muscle adaptations compared to continuous aerobic exercise [103].
Accordingly, given that physical activity and nutrition are two important behavioral factors to maintain muscle strength, it is not surprising that combined exercise and nutrition interventions improved muscle strength to a greater extent than exercise or nutrition alone. First, a review concluded that protein intake plays a role an integral part in muscle health and recommends an intake of 1.0–1.2 g/kg of body weight per day is probably optimal for older adults [104]. Few months earlier, Dulac and colleagues had already highlighted that a higher daily protein intake (i.e. at least 1.2 g·kg-1·d-1 of protein) optimized the effects of mixed power training on muscle function, specifically on muscle quality [105]. A recent meta-analysis suggested that protein or amino acid supplementation without concomitant nutritional or exercise interventions increases muscle mass or strength in predominantly healthy elderly people [106]. A meta-analysis also reported a small but significant positive effect of vitamin D supplementation on global muscle strength with a standardized mean difference (SMD) of 0.17 (P = .02) [107].  n-3 PUFA supplement can brings may convey added benefits in the prevention of sarcopenia and functional decline [108]. In addition, it has been suggested that Long-chain n-3 PUFA supplementation augments increases in muscle function and quality in older women but not in older men after resistance exercise training [109].
In addition, it has been recently foundshown that citrulline supplementation (i.e. an amino-acid) when combined with HIIT lead to betterseems to induce greater  improvements on upper limbs muscle strength in dynapenic-obese older adults [110].  Moreover,However adding a caloric restriction to a resistance training can be especially useful may be particularly relevant to potentiatein maximizing improvements in physical capacity in dynapenic-obese older adults [111].
7. Conclusion
Loss of muscle strength is a predictor of functional capacities and adverse health outcomes and is therefore considered as a real public health problem. Indeed, this phenomenon alters the quality of life and generates costs for the society. It is therefore essential to assess accurately muscle strength in an aging population. The choice of the methods used to assess muscle strength depends on several criteria, such as accessibility, cost, specificity, etc. Nevertheless, it seems essential to use validated assessment tests, supported by high quality scientific studies. At present, exercise and nutrition seems beneficial non-pharmacological treatment to counteract dynapenia even if no specific dose/time efficiency established. Based on the prevalence of older adults in the society and its consequences, more and more studies are nowadays interested in understanding, identifying and managing the loss of muscle strength. Further studies are needed to established international consensus on How to assess and manage muscle strength decline in older adults with or without obesity.
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