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Aging

Skeletal Muscle Function Deficits in the Elderly: Current
Perspectives on Resistance Training
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A variety of changes in skeletal muscle occur with aging.
Sarcopenia is the age-associated loss of muscle mass and is
one of the main contributors to musculoskeletal impairments
in the elderly. Traditional definitions of sarcopenia focused on
the size of human skeletal muscle. However, increasing
evidence in older adults suggests that low muscle mass is
associated with weakness, and weakness is strongly
associated with function and disability. In recent years a
global trend has shifted toward more encompassing
definitions for the loss of muscle mass which include
decreases in physical function. This review focuses on
skeletal muscle function deficits in the elderly and how these
age-associated deficits can be ameliorated by resistance
training. We set forth evidence that skeletal muscle deficits
arise from changes within the muscle, including reduced fiber
size, decreased satellite cell and fiber numbers, and decreased
expression of myosin heavy chain (MHC) isoform IIa. Finally,
we provide recommendations for clinical geriatric practice
regarding how resistance training can attenuate the increase
in age-associated skeletal muscle function deficits.
Practitioners should consider encouraging patients who are
reluctant to exercise to move along a continuum of activity
EHWZHHQ ³QR DFWLYLW\´ RQ RQH HQG DQG ³UHFRPPHQGHG GDLO\
DPRXQWV´RQWKHRWKHU

encompassing definitions. New terms such as Skeletal Muscle
Function Deficit have been recommended because they
incorporate strength and physical function together with muscle
mass (11).
The purpose of this review is to provide current perspectives
on the evolution of sarcopenia in modern literature and to inform
clinical providers of the effect that skeletal muscle dysfunction
has on physical function. We present evidence that a large source
of the physical function deficits that emerge with aging arise from
changes within the muscle, including decreased satellite cell and
fiber numbers, reduced fiber size, and decreased expression of
myosin heavy chain (MHC) isoform IIa. We finish by providing
clinicians with recommendations for exercise, specifically
resistance training interventions, which may attenuate agingrelated changes in muscle function.
Sarcopenia and physical function
Citing the need to improve diagnostic criteria and treatment
guidelines, the European Working Group on Sarcopenia in Older
People developed a consensus statement in 2010 for the diagnosis
of sarcopenia. The large European group met and eventually
endorsed a definition that requires the use of low muscle mass,
accompanied by either low muscle strength or low physical
performance (12). Additional working groups have also recently
adopted statements requiring both lean mass and gait speed as
diagnostic requirements for sarcopenia (13-15). As a further sign
of an evolving conceptualization of sarcopenia, the Foundation
for National Institutes of Health Sarcopenia Project applied a
Classification and Regression Tree analysis to large clinical trial
and epidemiologic data to identify clinically relevant cutpoints for
low muscle mass and weakness that would lead to functional
decline in men and women (16). The addition of these functional
measures and specific cutpoints highlights the recognition from
the clinical and research communities that loss of muscle mass
does not occur without concomitant impairments in function and
decreases in physical function. These cutpoints also promise to
allow practitioners to readily assess the diagnostic classification
of patients at risk for functional decline. Additional work is
needed however to validate the proposed diagnostic criteria.
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Introduction
Over the next two decades, 77 million baby boomers in the
United States will reach retirement age, and by 2030, one in five
Americans will be 65 or older (1). As these individuals age, there
is a concomitant decline in voluntary physical activity which is
associated with decreases in maximal aerobic capacity and muscle
strength (2). Muscle strength is a critical component in preserving
functional activity in older adults. Consequently, numerous
studies have investigated the factors that contribute to the loss of
strength in elderly persons.
Sarcopenia, the age-related reduction in muscle mass, is one
of the leading factors in the etiology of strength decline with
aging (3, 4) . This age-related reduction in muscle mass was first
described in 1966 by Irwin H. Rosenberg, at a symposium titled
³6DUFRSHQLD 'LDJQRVLV DQG 0HFKDQLVPV´ (5). The term
sarcopenia is derived from the Greek roots sarx, meaning flesh,
and penia, signifying loss. Sarcopenia however, did not gain
substantive recognition until 1989 when Rosenberg published
what many consider to be his seminal manuscript on the topic of
age-related muscle loss (6).
Early operational definitions of sarcopenia were based
exclusively on the amount of muscle mass within a reference
population. However, increasing evidence in community dwelling
older adults suggests that low muscle mass is associated with
weakness (7) and weakness is strongly associated with function
and disability (8, 9). Indeed, functional tasks such as rising from a
chair and performing home and personal care are directly
associated with sarcopenia (10). Consequently, traditional
definitions of sarcopenia have been left behind in favor of more
ISSN 2377-2700 | www.jnsci.org/content/272

Biology of aging skeletal muscle
The motor unit is the basic functional unit of the neuromuscular
system and translates all synaptic input into force production and
movement (17). The motor unit is comprised of the alpha motor
neuron and the muscle fibers it innervates. Advanced age is
accompanied by decreasing motor unit properties resulting from
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Recommendations for clinical practice
Because skeletal muscle function deficits are amenable to
improvement, resistance training has been widely accepted as an
appropriate modality of treatment. However, the literature
investigating resistance training and functional task performance
is characterized by heterogeneity of populations, training regimen
(mode, dose, and progression) and task outcomes. Consequently,
the ability to make clinical recommendations based on the
panoply of evidence has been difficult. Despite the inevitable
challenges with heterogeneity in resistance training studies, most
authors are certain of one conclusion: doing something is better
than doing nothing (44-48). For example, Smith and colleagues
conducted a longitudinal study on the effects of resistance training
over a 5 year period in 3 different groups of older adults (mean
age 72.5 yrs) (49). One group participated in resistance training
continuously over the 5 years (Trained), while another group
trained for 2 years and then stopped (Detrained). During the
training period both groups trained hard, at 80% of their own 1repetition maximum (RM) for up to 3 sets. The third group acted
as a control, without any resistance training over the 5 years, but
participated in all the testing procedures at baseline, 2 years and 5
years. Both the Trained and the Detrained groups significantly
improved muscle strength at the end of 2 years. At the end of 5
years, the Trained group had increased muscle strength by ~44%
over baseline. Meanwhile, the control group declined in strength
over the 5 year period. Interestingly, the Detrained group lost
strength at the 5 year follow-up, but their overall muscle strength
was still 15.6% higher compared to baseline. Thus, doing
something is clearly better than doing nothing, and older adults
who stay physically active might expect to attenuate the ageassociated loss in skeletal muscle mass.

changes with morphology and size, and leading to skeletal muscle
function deficits (18-20). Moreover, muscle fibers play an
important role in the function of the motor unit. Important
structural changes within muscle fibers accompany aging as
follows: 1) decreased satellite cell and fiber numbers; 2) reduced
fiber size; 3) declines in expression of MHC IIa. 1) Decreased
satellite cell and fiber numbers. Older adults have a higher rate of
fiber denervation relative to reinnervation (motor unit
remodeling), and experience greater amounts of oxidative stress
and apoptosis, which can decrease satellite cell regeneration of
muscle fibers and result in fiber loss (21, 22). 2) Reduced fiber
size. Muscle fibers are generally smaller in older adults compared
to young persons, especially in the lower limbs (23-25). This is
problematic for functional activities requiring strength for balance
and postural control (26). Muscle atrophy occurs to a greater
extent in type II fibres in older adults compared with young adults,
although all fiber sizes can be reduced with aging (24, 25, 27).
Reasons for the reductions in fiber size with aging include fewer
satellite cells in type II fibers and lower protein synthesis, which
reduces the speed of skeletal muscle growth and repair (28-30). 3)
Decreased expression of MHC IIa. In general, MHC IIa isoforms
SOD\DNH\UROHLQPXVFOH¶VVWUHQJWKDQGSRZHU and have smaller
proportional area expressed in muscles of older adults compared
with young persons (31, 32). The smaller proportion of type IIa
isoforms occurs in conjunction with reports of a shift to
proportional increases in MHC IIx isoform expressions in older
adults (23, 33). These age-related changes result in slowed
myosin actin cross-bridge kinetics and reduced power for
functional task performance (34).
Resistance training for older adults
Muscle mass decreases by 1-2% in an annual rate after the age of
50 (35). In addition, muscle strength can decrease by 12-15%
every 10 years after an individual reaches the mid-century mark
(36). However, attenuation of the loss of muscle strength and
muscle mass in older adults can be accomplished with resistance
training (strength training exercise with progressive overload
where muscles exert a force against an external load). It is
recommended that older adults participate in resistance training 23 days per week, (37) but no clear definitive regimen has been
identified due to heterogeneity of research studies (38). A large
meta-analysis of various types of resistance training programs
concluded that 12 - 24 weeks of training has the ability to increase
muscle strength by at least 25% in men and women over the age
of 50, with greater improvements being associated with higher
intensity training (39).
Resistance training offers numerous benefits beyond
improvements in muscle strength alone for older individuals.
Several reports have demonstrated improvements in balance,
functional mobility and fall prevention. Pijnappels et al., found
that reactive balance strategies (recovery after tripping over
obstacles) were improved after 16 weeks of resistance training
(40). Day et al., reported that overall balance was improved and
the number of falls in individuals over the age of 70 was reduced
after 15 weeks of resistance training (41). Gait speed and stair
climbing power are also improved with resistance training (42,
43). In support of previous reports, a Cochrane systematic review
noted that resistance training results in modest improvements in
functional limitations for older adults with physical disabilities
(44). The positive implications of these results reinforce the
notion that resistance training can play a vital role for the older
individual in improving functional mobility during activities of
daily living. The effect of this intervention on more substantive
outcomes such as health related quality of life however, remains
unclear (44).
ISSN 2377-2700 | www.jnsci.org/content/272

Summary
The most obvious consequence of sarcopenia is a loss of muscle
strength; however there is a constellation of consequences greater
than that of muscle size alone. Additional structural changes
within muscle fibers accompany aging such as decreased satellite
cell and fiber numbers, reduced fiber size, and declines in
expression of MHC IIa. These changes are not benign in terms of
functional ability, as they can lead to decreased mobility, loss of
functional independence, and greater risk of falls. Resistance
training however can attenuate the effects of skeletal muscle
function deficits in older adults. Documented structural changes
in the muscle have been demonstrated, but improvements extend
beyond structural impairments. Significant benefits in activities of
daily living have been reported such as improved walking
endurance, gait speed, and stair-climbing ability. Despite the wellknown advantages of resistance training, many older adults have
difficulty achieving recommended dosages of daily physical
activity. Consequently, practitioners should focus on what older
adults can do instead of what they cannot do 7KH DGDJH ³GRLQJ
VRPHWKLQJ LV EHWWHU WKDQ GRLQJ QRWKLQJ´ LV SDUDPRXQW
Practitioners might consider exercise as a spectrum, with ³no
activity´ on one end and ³recommended daily amounts´ RQ WKH
other end. In-between those points exists a continuum. Getting
individuals who are reluctant to perform resistance training to
move along that continuum is an important goal.
Acknowledgments
Research reported in this publication was supported by the
National Center for Advancing Translational Sciences of the
National Institutes of Health under award Number
KL2TR001103. The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the NIH.
2

J Nat Sci, Vol.3, No.1, e272, Jan 2017

Skeletal Muscle Function Deficits

Journal of Nature and Science (JNSCI), 3(1):e272, 2017

1. Moore, I. Geriatrics is a wide open field New York: The American
Geriatrics Society;
[July 29, 2016]. Available from:
http://www.americangeriatrics.org/health_care_professionals/profiles
_in_geriatrics/irene_moore/.
2. Walston, J., Hadley, E. C., Ferrucci, L., Guralnik, J. M., Newman, A.
B., Studenski, S. A., Ershler, W. B., Harris, T., Fried, L. P. 2006.
Research agenda for frailty in older adults: toward a better
understanding of physiology and etiology: summary from the
American Geriatrics Society/National Institute on Aging Research
Conference on Frailty in Older Adults. Journal of the American
Geriatrics Society 54:991-1001.
3. Newman, A. B., Haggerty, C. L., Goodpaster, B., Harris, T.,
Kritchevsky, S., Nevitt, M., Miles, T. P., Visser, M., Health, A., Body
Composition Research, G. 2003. Strength and muscle quality in a
well-functioning cohort of older adults: the Health, Aging and Body
Composition Study. Journal of the American Geriatrics Society
51:323-330.
4. Doherty, T. J. 2003. Invited review: aging and sarcopenia. J Appl
Physiol 95:1717-1727.
5. Rosenberg, I. H. 1997. Sarcopenia: origins and clinical relevance. J
Nutr 127:990S-991S.
6. Rosenberg, I. H. 1989. Summary comments: epidemiological and
methodological problems in determining nutritional status of older
persons. Am J Clin Nutr 50:1231-1233.
7. Newman, A. B., Kupelian, V., Visser, M., Simonsick, E., Goodpaster,
B., Nevitt, M., Kritchevsky, S. B., Tylavsky, F. A., Rubin, S. M.,
Harris, T. B., et al. 2003. Sarcopenia: alternative definitions and
associations with lower extremity function. Journal of the American
Geriatrics Society 51:1602-1609.
8. Schaap, L. A., Koster, A., Visser, M. 2013. Adiposity, muscle mass,
and muscle strength in relation to functional decline in older persons.
Epidemiol Rev 35:51-65.
9. Visser, M., Goodpaster, B. H., Kritchevsky, S. B., Newman, A. B.,
Nevitt, M., Rubin, S. M., Simonsick, E. M., Harris, T. B. 2005.
Muscle mass, muscle strength, and muscle fat infiltration as predictors
of incident mobility limitations in well-functioning older persons. The
journals of gerontology Series A, Biological sciences and medical
sciences 60:324-333.
10. Janssen, I., Heymsfield, S. B., Ross, R. 2002. Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability. Journal of the
American Geriatrics Society 50:889-896.
11. Correa-de-Araujo, R., Hadley, E. 2014. Skeletal muscle function
deficit: a new terminology to embrace the evolving concepts of
sarcopenia and age-related muscle dysfunction. The journals of
gerontology Series A, Biological sciences and medical sciences
69:591-594.
12. Cruz-Jentoft, A. J., Baeyens, J. P., Bauer, J. M., Boirie, Y.,
Cederholm, T., Landi, F., Martin, F. C., Michel, J. P., Rolland, Y.,
Schneider, S. M., et al. 2010. Sarcopenia: European consensus on
definition and diagnosis: Report of the European Working Group on
Sarcopenia in Older People. Age and ageing 39:412-423.
13. Fielding, R. A., Vellas, B., Evans, W. J., Bhasin, S., Morley, J. E.,
Newman, A. B., Abellan van Kan, G., Andrieu, S., Bauer, J., Breuille,
D., et al. 2011. Sarcopenia: an undiagnosed condition in older adults.
Current consensus definition: prevalence, etiology, and consequences.
International working group on sarcopenia. Journal of the American
Medical Directors Association 12:249-256.
14. Morley, J. E., Abbatecola, A. M., Argiles, J. M., Baracos, V., Bauer,
J., Bhasin, S., Cederholm, T., Coats, A. J., Cummings, S. R., Evans,
W. J., et al. 2011. Sarcopenia with limited mobility: an international
consensus. Journal of the American Medical Directors Association
12:403-409.
15. Muscaritoli, M., Anker, S. D., Argiles, J., Aversa, Z., Bauer, J. M.,
Biolo, G., Boirie, Y., Bosaeus, I., Cederholm, T., Costelli, P., et al.
2010. Consensus definition of sarcopenia, cachexia and pre-cachexia:
joint document elaborated by Special Interest Groups (SIG)
"cachexia-anorexia in chronic wasting diseases" and "nutrition in
geriatrics". Clinical nutrition 29:154-159.
16. McLean, R. R., Shardell, M. D., Alley, D. E., Cawthon, P. M.,
Fragala, M. S., Harris, T. B., Kenny, A. M., Peters, K. W., Ferrucci,
L., Guralnik, J. M., et al. 2014. Criteria for clinically relevant
weakness and low lean mass and their longitudinal association with

ISSN 2377-2700 | www.jnsci.org/content/272

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

3

incident mobility impairment and mortality: the foundation for the
National Institutes of Health (FNIH) sarcopenia project. The journals
of gerontology Series A, Biological sciences and medical sciences
69:576-583.
Duchateau, J., Enoka, R. M. 2011. Human motor unit recordings:
origins and insight into the integrated motor system. Brain research
1409:42-61.
Campbell, M. J., McComas, A. J., Petito, F. 1973. Physiological
changes in ageing muscles. Journal of neurology, neurosurgery, and
psychiatry 36:174-182.
Raj, I. S., Bird, S. R., Shield, A. J. 2010. Aging and the force-velocity
relationship of muscles. Experimental gerontology 45:81-90.
Hepple, R. T., Rice, C. L. 2016. Innervation and neuromuscular
control in ageing skeletal muscle. The Journal of physiology
594:1965-1978.
Blau, H. M., Cosgrove, B. D., Ho, A. T. 2015. The central role of
muscle stem cells in regenerative failure with aging. Nature medicine
21:854-862.
Narasimhan, M., Hong, J., Atieno, N., Muthusamy, V. R., Davidson,
C. J., Abu-Rmaileh, N., Richardson, R. S., Gomes, A. V., Hoidal, J.
R., Rajasekaran, N. S. 2014. Nrf2 deficiency promotes apoptosis and
impairs PAX7/MyoD expression in aging skeletal muscle cells. Free
radical biology & medicine 71:402-414.
Venturelli, M., Saggin, P., Muti, E., Naro, F., Cancellara, L., Toniolo,
L., Tarperi, C., Calabria, E., Richardson, R. S., Reggiani, C., et al.
2015. In vivo and in vitro evidence that intrinsic upper- and lowerlimb skeletal muscle function is unaffected by ageing and disuse in
oldest-old humans. Acta physiologica (Oxford, England) 215:58-71.
Hunter, S. K., Thompson, M. W., Ruell, P. A., Harmer, A. R., Thom,
J. M., Gwinn, T. H., Adams, R. D. 1999. Human skeletal
sarcoplasmic reticulum Ca2+ uptake and muscle function with aging
and strength training. Journal of applied physiology 86:1858-1865.
Lexell, J., Taylor, C. C., Sjostrom, M. 1988. What is the cause of the
ageing atrophy? Total number, size and proportion of different fiber
types studied in whole vastus lateralis muscle from 15- to 83-year-old
men. Journal of the neurological sciences 84:275-294.
Cho, K. H., Bok, S. K., Kim, Y.-J., Hwang, S. L. 2012. Effect of
Lower Limb Strength on Falls and Balance of the Elderly. Annals of
rehabilitation medicine 36:386-393.
Purves-Smith, F. M., Sgarioto, N., Hepple, R. T. 2014. Fiber typing in
aging muscle. Exercise and sport sciences reviews 42:45-52.
Kadi, F., Ponsot, E. 2010. The biology of satellite cells and telomeres
in human skeletal muscle: effects of aging and physical activity.
Scand J Med Sci Sports 20:39-48.
Verdijk, L. B., Koopman, R., Schaart, G., Meijer, K., Savelberg, H.
H., van Loon, L. J. 2007. Satellite cell content is specifically reduced
in type II skeletal muscle fibers in the elderly. American journal of
physiology Endocrinology and metabolism 292:E151-157.
Wall, B. T., Gorissen, S. H., Pennings, B., Koopman, R., Groen, B.
B., Verdijk, L. B., van Loon, L. J. 2015. Aging Is Accompanied by a
Blunted Muscle Protein Synthetic Response to Protein Ingestion. PloS
one 10:e0140903.
D'Antona, G., Pellegrino, M. A., Adami, R., Rossi, R., Carlizzi, C. N.,
Canepari, M., Saltin, B., Bottinelli, R. 2003. The effect of ageing and
immobilization on structure and function of human skeletal muscle
fibres. The Journal of physiology 552:499-511.
Lamboley, C. R., Wyckelsma, V. L., Dutka, T. L., McKenna, M. J.,
Murphy, R. M., Lamb, G. D. 2015. Contractile properties and
sarcoplasmic reticulum calcium content in type I and type II skeletal
muscle fibres in active aged humans. J Physiol 593:2499-2514.
Power, G. A., Minozzo, F. C., Spendiff, S., Filion, M. E., Konokhova,
Y., Purves-Smith, M. F., Pion, C., Aubertin-Leheudre, M., Morais, J.
A., Herzog, W., et al. 2016. Reduction in single muscle fiber rate of
force development with aging is not attenuated in world class older
masters athletes. American journal of physiology Cell physiology
310:C318-327.
Miller, M. S., Bedrin, N. G., Callahan, D. M., Previs, M. J., Jennings,
M. E., 2nd, Ades, P. A., Maughan, D. W., Palmer, B. M., Toth, M. J.
2013. Age-related slowing of myosin actin cross-bridge kinetics is sex
specific and predicts decrements in whole skeletal muscle
performance in humans. Journal of applied physiology 115:10041014.

J Nat Sci, Vol.3, No.1, e272, Jan 2017

Skeletal Muscle Function Deficits

Journal of Nature and Science (JNSCI), 3(1):e272, 2017

35. Quittan, M. 2016. Aspects of physical medicine and rehabilitation in
the treatment of deconditioned patients in the acute care setting: the
role of skeletal muscle. Wien Med Wochenschr 166:28-38.
36. Larsson, L. 1983. Histochemical characteristics of human skeletal
muscle during aging. Acta physiologica Scandinavica 117:469-471.
37. )HUJXVRQ %  $&60¶V *XLGHOLQHV IRU ([HUFLVH 7HVWLQJ DQG
Prescription 9th Ed. 2014. The Journal of the Canadian Chiropractic
Association 58:328-328.
38. Latham, N. K., Bennett, D. A., Stretton, C. M., Anderson, C. S. 2004.
Systematic review of progressive resistance strength training in older
adults. The journals of gerontology Series A, Biological sciences and
medical sciences 59:48-61.
39. Peterson, M. D., Rhea, M. R., Sen, A., Gordon, P. M. 2010.
Resistance exercise for muscular strength in older adults: a metaanalysis. Ageing Res Rev 9:226-237.
40. Pijnappels, M., Reeves, N. D., Maganaris, C. N., van Dieen, J. H.
2008. Tripping without falling; lower limb strength, a limitation for
balance recovery and a target for training in the elderly. Journal of
electromyography and kinesiology : official journal of the
International Society of Electrophysiological Kinesiology 18:188-196.
41. Day, L., Fildes, B., Gordon, I., Fitzharris, M., Flamer, H., Lord, S.
2002. Randomised factorial trial of falls prevention among older
people living in their own homes. Bmj 325:128.
42. Fiatarone, M. A., Marks, E. C., Ryan, N. D., Meredith, C. N., Lipsitz,
L. A., Evans, W. J. 1990. High-intensity strength training in
nonagenarians. Effects on skeletal muscle. JAMA : the journal of the
American Medical Association 263:3029-3034.
43. Fiatarone, M. A., O'Neill, E. F., Ryan, N. D., Clements, K. M.,
Solares, G. R., Nelson, M. E., Roberts, S. B., Kehayias, J. J., Lipsitz,

ISSN 2377-2700 | www.jnsci.org/content/272

44.

45.

46.

47.

48.

49.

4

L. A., Evans, W. J. 1994. Exercise training and nutritional
supplementation for physical frailty in very elderly people. The New
England journal of medicine 330:1769-1775.
Latham, N., Anderson, C., Bennett, D., Stretton, C. 2003. Progressive
resistance strength training for physical disability in older people.
Cochrane Database Syst Rev:Cd002759.
Hupin, D., Roche, F., Edouard, P. 2015. Physical activity and
successful aging: Even a little is good. JAMA Internal Medicine
175:1862-1863.
Orr, R., Raymond, J., Fiatarone Singh, M. 2008. Efficacy of
progressive resistance training on balance performance in older adults
: a systematic review of randomized controlled trials. Sports Med
38:317-343.
Zech, A., Drey, M., Freiberger, E., Hentschke, C., Bauer, J. M.,
Sieber, C. C., Pfeifer, K. 2012. Residual effects of muscle strength
and muscle power training and detraining on physical function in
community-dwelling prefrail older adults: a randomized controlled
trial. BMC geriatrics 12:68.
Bauman, A., Merom, D., Bull, F. C., Buchner, D. M., Fiatarone
Singh, M. A. 2016. Updating the Evidence for Physical Activity:
Summative Reviews of the Epidemiological Evidence, Prevalence,
and Interventions to Promote "Active Aging". The Gerontologist 56
Suppl 2:S268-280.
Smith, K., Winegard, K., Hicks, A. L., McCartney, N. 2003. Two
years of resistance training in older men and women: the effects of
three years of detraining on the retention of dynamic strength.
Canadian journal of applied physiology = Revue canadienne de
physiologie appliquee 28:462-474.

J Nat Sci, Vol.3, No.1, e272, Jan 2017

