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May the Force be with you” was a famous Star Wars phrase used 
to wish luck or express good will. It bestowed the power of the Force 
upon the addressee, especially before a battle. Used originally by Jedi 
Knights and repeated for many years by millions of their teenage fans, 
the phrase can nowadays be repeated by older Star Wars enthusiasts and 
their peers with a new meaning-to convey good luck and hope for the 
fight against aging. This fight is not primarily with death, the inevitable 
final outcome of our earthly struggle, but with functional decline and 
disability in later life. And this battle is usually not lost. An increasing 
body of scientific research regarding functional capacity concerns older 
people and the declining level of functional status with advancing 
age [1-3]. Physical disability due to aging, prevalent diseases and an 
inactive lifestyle can lead to a loss of ability in performing the basic 
activities of daily living, and consequently, to the loss of independence 
in daily life [3]. Lack of independence in those activities is a predictor of 
falls [4], institutionalization [1], hospitalization [5], worse quality of life 
and increased mortality [2,6]. Therefore, it is very important to know 
the factors determining the functional performance of older patients 
and build preventive and rehabilitation programs designed to improve 
those dimensions that have the greatest impact on functional health. 
The condition of the skeletal muscles is one of the most important 
predictors of functional capacity in advanced age, but the varied 
properties of the muscles may have different meanings.

Muscle Strength
It is known that skeletal muscle function becomes gradually impaired 

with advancing age [7]. The age-related decline of neuromuscular 
functioning is related mainly to muscle loss (sarcopenia), changes in 
muscle quality and neuromuscular control. The relative contribution of 
the progressive reduction of muscle mass (sarcopenia) and decreasing 
muscle quality to this age-related decline in muscle performance 
remains uncertain [8]. As muscular strength is mainly dependent on 
the cross-sectional area of the muscle [9], the decrease occurring in 
muscle mass with age results in the decline of their strength, although 
quantitative changes of muscles with age do not fully explain this 
decline in muscle strength [8]. Infiltration of muscle by fat tissue in well 
functioning older persons is associated with poorer muscle function 
than could not be expected only from the volume of muscle [10]. The 
majority of studies investigating age-related changes in muscle function 
have assessed muscle mass and strength (force). Age-associated decline 
of muscle strength has usually been depicted as linear or curvilinear, 
with acceleration after the fifth decade [11]. The role of muscle strength 
in maintaining independence in daily functioning has been widely 
evidenced in research, especially in patients with limited mobility 
[12,13]. The most important muscle group necessary to maintain 
independence in the activities of daily living are the muscles of the lower 
limbs [14]. The efficiency of the knee extensor muscles determines the 
ability to carry out such basic tasks as maintaining a standing position, 
walking, climbing and descending stairs, as well as rising from a sitting 
position. Walking speed, which is an indicator of independence in daily 
living activities, especially in the elderly, is dependent on the strength of 
the knee extensor muscles [15]. 
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Power
In recent years, increasing interest has been focused on muscle 

power and muscle shortening velocity [16,17]. It has been reported that 
although muscle strength and power are strongly correlated with each 
other, they can determine functional efficiency to different degrees. Many 
activities of daily living require the capacity to perform short, relatively 
intensive exercises which demand the generation of appropriate muscle 
power-e.g. both force and some speed of movement [18]. Functional 
efficiency depends not only on how strong the muscles are, but also how 
quickly they can generate force [16]. This may be due to the fact that the 
activities of daily living require more complex muscle activity than just 
the slow development of strength [19]. Muscle shortening velocity, and 
hence, the ability to develop power, are closely related to the proportion 
of type II fibres [20]. This proportion decreases with advancing age 
and is accompanied by a slowing of muscle contraction, leading to a 
greater decline of maximal short-term power (Pmax) with age, and this 
decline is more closely related to the loss of functional abilities than 
the decrease of maximal muscle strength [3]. Limited data suggests that 
ageing is associated with a decrease in the optimal shortening velocity 
(υopt, a surrogate measure for muscle fibre type), i.e. the velocity 
corresponding to maximal power abilities in the muscles of the lower 
limbs [21,22]. Decreased quadriceps muscle υopt and Pmax may cause 
gradually impaired functioning, and due to this impairment, many 
elderly subjects are approaching or reaching their functional threshold. 
In studies comparing the relationships of strength and muscle power 
to functional capacity, muscle power almost always appears to be a 
stronger determinant [3,13,23]. In elderly people, maximal muscle 
power is responsible to a greater extent for the variability of the results 
in functional tests than muscle strength, especially during low-intensity 
tasks such as walking [24]. The pace of walking is affected to some extent 
by muscle strength, but more by power and the shortening velocity of 
muscles [25,26]. The speed necessary for safely crossing the street is ≥ 
1.2 m/s. Meanwhile, 84% of older men and 93% of women walk slower, 
which does not ensure traffic safety [27]. Of the two basic components 
of muscle power, velocity of contraction may affect functional 
performance to an even greater extent than strength [28,29]. For 
example, Mayson et al. [30] studied 138 elderly patients with physical 
disability in terms of the determinants of balance. Strength was found 
to correlate with two of the four performed balance tests, but velocity 
with three. This ability to maintain balance is of utmost importance in 
the prevention of falls in the elderly. There is the need for development, 
not only muscle strength but also speed of movement to prevent falls. In 
the Osteoporotic Fractures in Men Study, an association between fall-
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related fractures and muscle power was identified in a group of 5995 
men over 65 years old. In men with lower extensor muscle power in the 
lower extremities, a higher frequency of falls was observed within the 
4 months before testing [31]. In another study, compared to persons 
who had not experienced a fall, elderly people who had experienced 
falls demonstrated 85% strength in the lower extremities (isometric, 
concentric and eccentric strength), and only 79% power, measured 
during bilateral lower extremity extension [32]. υopt, i.e. the velocity at 
which muscle is able to develop its maximal power, seems crucial for 
short-term daily physical efforts which require development of power, 
such as standing up or climbing stairs. Clemencon et al. [29] studied 
the influence of strength, power and shortening velocity of the knee 
extensor muscles on the functional ability of elderly women. Muscle 
power and υopt correlated with functional tests, whereas no correlation 
of muscle strength was identified with the tests. The authors suggest 
that the assessment of power and υopt is a better indicator of functional 
capacity and mobility in older women than muscle strength. The rate 
and pattern of decline of muscle power and υopt with age may be different 
to that of muscle mass and force [11,32,33]. In one study, older men 
demonstrated a 40.3% lower Pmax than their almost 50-year younger 
counterparts (8.3% per decade). This decline was greater than the 
decrease in quadriceps mass (3.8% per decade) [22]. The decline in υopt 
from youth to advanced age was 4.3% per decade [22]. The drop in υopt 
was visible already in the thirties and continued systematically until the 
eighties [33]. It has been suggested that the drop in muscle power might 
accelerate in advanced age. The age-related decrease pattern of Pmax 
reflects both the stabilization of anthropometric measures, such as 
quadriceps mass from youth to middle age and the systematic decline of 
υopt already from the thirties. Unlike muscle strength, power starts to 
decrease even after the fourth decade and becomes significantly lower 
earlier during adulthood. Although generally linear across the entire 
examined age range, the drop of Pmax seemed to accelerate in older 
subjects when compared to the preceding decade, and not reference 
values from subjects of 20-29 years old [33]. The decline of Pmax/kg 
averaged 1.03% from the sixth to seventh decade of life, 1.42% from 
the seventh to eighth and 2.36% per annum from the eighth to ninth 
decade. Whether this acceleration in power decline really exists should 
be further explored in future studies with even more participants aged 
80-100 years.

Muscle Function is Debilitated in Many Diseases
Many factors affecting muscle strength and power have been 

described so far. These include age, genetic factors, muscle cross-
section, gender, malnutrition, health status and associated disease, 
behavioral factors such as levels of physical activity, smoking, hormonal 
factors, the concentration of vitamin D, the concentration of cytokines, 
and even race [9,34-37]. Health status and concomitant diseases 
are associated with quality of muscle work. Concomitant diseases 
contribute to the limitation of physical activity, and as a consequence 
to further loss of muscle mass. The impact of cardiovascular diseases 
on muscle function is associated with lower blood flow, hypoxia and 
oxidative stress [36]. The reduction of muscle mass after stroke is largely 
dependent on reduced physical activity. Muscle weakness and loss of 
strength concern mainly the affected limbs, but apply to both sides 
[38,39]. The pain connected with the presence of osteoarthritis is the 
primary cause of reduced physical activity and associated decrease of 
muscle mass [36]. On the other hand, the reduction in muscle strength 
is considered as a risk factor for degenerative changes [40]. In patients 
with osteoarthritis, thigh muscle strength was found to be 16 to 27% 
lower as compared with their peers without any such symptoms [41]. 

Lower leg muscle power correlated with the presence of pain in the hip 
and knee [42]. Finally, pharmacotherapy may also influence muscle 
function. For example, long-term corticosteroid intake in patients with 
rheumatic diseases was associated with atrophy of type II fibers and a 
reduced capacity to generate muscle power [43]. 

Preventive and Rehabilitative Measures
Sustaining a satisfactory physical activity level and nutritional status, 

and effective treatment of accompanying diseases are cornerstones of 
proper neuromuscular function in advanced age. Physical activity is the 
most important way to improve muscle strength and power. The most 
effective means of training to increase muscle strength is resistance 
training, but aerobic training also enhances the function of muscles, 
affects the neural mechanisms responsible for the functioning of the 
muscles, stimulates protein synthesis and reduces body fat [34]. Thanks 
to these potential benefits, the ACSM recommends the inclusion of 
resistance training as part of an exercise program for older adults [44]. 
Increasing muscle strength without a significant increase of muscle mass 
is attributed to improved recruitment of motor units by the nervous 
mechanisms [45]. Improving muscle power is mainly due increases 
in their strength [46]. Increases in the velocity of muscle shortening 
can probably be explained by improved capacity to recruit fast muscle 
fibers. Future studies will concentrate on the efficacy and feasibility of 
power- and velocity-oriented training in subjects with different diseases 
and functional status. The training protocols in some studies that use 
higher-velocity training suggest that the gains in power may be greater 
than in classic resistance training [44]. Some benefits of speed training 
have already been described in highly functioning older adults, and in 
patients with early Parkinson’s disease [17,47,48]. The optimization of 
the metabolic and hormonal environment for the generation of muscle 
power will be also an important challenge for future studies [49,50]. 
In conclusion, the aging of society is a phenomenon that mankind 
has never experienced before. The age-associated decline of physical 
functioning and increasing rate of disability in developed societies 
may well prove to be the most significant public health challenge in 
the coming years. Muscle power, with its two main components, i.e. 
muscle strength and muscle shortening velocity, is a key determinant of 
the functional status of older individuals. A growing body of scientific 
data clearly indicates that in advanced age, power means function. In 
the words of the Jedi Master Obi-Wan Kenobi, we should convey hope 
to our patients and ourselves in the ongoing struggle faced by Geriatric 
Medicine against functional decline and disability: “May the power be 
with us”.
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