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Abstract 

 

Due to recent demographic changes with a greater proportion of elderly people in the world, 

physical independence among older adults is becoming increasingly more important. This mini-

review summarizes and discusses neuromuscular adaptations in response to resistance training 

with different contraction velocities in untrained elderly. Slow (“hypertrophic type”) and fast 

velocity (“power/explosive type”) training can to a similar extent improve muscle mass and 

maximal force in untrained elderly. However, fast velocity resistance training is superior for 

improving power output, explosive force, and functional capacity (i.e., the ability to perform 

activities of daily living). Thus, fast velocity resistance training provides more efficient 

neuromuscular adaptations, increasing simultaneously strength, power, explosive force, muscle 

mass, and functional capacity of untrained elderly. 

 

Keywords: Ageing, Explosive force, Functional capacity, Maximal strength, Muscle mass, 

Muscle power, Power training, Strength training.   
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Introduction 

Aging is gradually associated with inevitable impairment of the neuromuscular system 

(36,37) including muscle atrophy and loss of maximal strength, muscle power output, and 

explosive force (33,35,52). Regular physical activity is essential to delay these deleterious effects 

of aging (29). Specifically, resistance training is an effective type of training that can effectively 

enhance maximal strength (41), muscle power output (8), explosive force (25), and skeletal 

muscle mass (42) in elderly, with important implications for health and functional capacity. For 

example, explosive force and power output are related to functional capacity (8,38) and balance 

(28,43). By contrast, age-related exacerbated muscle atrophy is associated with functional 

impairment and physical disability (30), and strength is independently associated with risk of 

death from all causes and cancer in men (51). 

Specificity of the resistance training program influences enhancement of muscle strength, 

power output, explosive force, and skeletal muscle mass (31). Contraction velocity and training 

intensity are two basic variables to manipulate when designing resistance training programs. Fast 

velocity training is typically characterized by the intention to contract as fast as possible in the 

concentric portion and slow to moderate velocity training is often performed as slow concentric 

and eccentric contractions of 2-3 s (8). Training intensity can be divided in to low (<60%), 

low/moderate, (60-69%), moderate/high (70-79%), and high (≥80% of one-repetition maximum - 

1-RM) (41). For older adults, recent meta-analyses and the ACSM recommends moderate load 

and slow to moderate velocity training for increased muscle strength and muscle mass 

(5,13,41,48). However, these recommendations for strength improvements were defined based 

on intervention studies with older adults using slow velocity contractions. These studies do not 

discuss whether fast velocity contraction would be as effective as slow to enhance maximal 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



3 
 

strength and muscle mass in this population, as observed in young adults (18,26). In addition, for 

improvement of power output, there is a consensus that light to moderate load fast velocity 

training is more effective than slow velocity training for older adults (8,48). Moreover, for 

explosive force, moderate to heavy loads with intention to contract as fast as possible are 

recommended for this population (25) and conversely, slow velocity training seems to be less 

effective (58). However, in terms of resistance training recommendations for people above 60 

years of age, non-specific effects are also important to consider, e.g., influence of slow to 

moderate velocity training on power output and explosive force, as well as the influence of fast 

velocity training on maximal strength and muscle mass, in the context of how such adaptations 

can translate into functional improvements. For older adults, improving as many of these 

qualities as possible may be desired to optimize independence and quality of life. 

This mini review discusses improvements of muscle strength, power output, explosive 

force, muscle mass, and functional capacity following resistance training with different 

contraction velocities (i.e., slow velocity “hypertrophic type” vs. fast velocity “power/explosive 

type”) in older adults. The discussion helps to qualify choices made in the design of resistance 

training programs for this population.  

 

Training characteristics and adaptations 

 Several studies have compared resistance training with slow vs. fast contraction velocity, 

while others investigated only fast or slow velocity separately. Prescription of training variables 

(frequency, exercises, intensity, sets, repetitions, volume, rest interval, and velocity) vary in each 

of the studies and it is detailed in Table 1 for slow velocity and Table 2 for fast velocity training. 

Note that studies using slow velocity training prescribed actions of 2 or 3 s duration for both 
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concentric and eccentric phases. Conversely, studies investigating fast contractions reported that 

the concentric action was performed with the intention to contract as fast as possible, but the 

eccentric action was similar to slow velocity prescription, with 2 or 3 s of duration. Importantly, 

when training intensity is increased, contraction velocity is reduced – due to the inherent nature 

of the force-velocity relationship - even if the intention is to contract as fast as possible (24). The 

same occurs with increased fatigue, with contraction velocity reducing at the end of sets or the 

training session (40). 

 Based on the studies included in the present review, Figure 1 depicts the adaptations of 

slow and fast contraction resistance training in elders’ maximal strength, peak power output, 

explosive force, muscle hypertrophy, and functional capacity outcomes. The intention is to 

summarize results across studies and ease the comparison of slow and fast training in elderly. 

Before drawing conclusions, the reader should bear in mind that these studies have individual 

resistance training variables prescription (other than training velocity) that can influence training 

adaptations. Moreover, because the included training studies have varying length of training 

period, normalizing for time (∆%/weeks) is important to compare studies, although bearing in 

mind that the response may not be completely linear over time and level off after some months 

(31). 

***Table 1 here*** 

 

***Table 2 here*** 

 

***Figure 1 here*** 
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Maximal strength 

For strength increases of novice (untrained) and intermediately experienced (at least 6 

months of resistance training experience) older adults, the ACSM suggests the use of slow to 

moderate velocity and 60–80% of 1-RM (48). A recent meta-analysis (5) suggested more 

specifically 70-79% of 1-RM and a slow time under tension of 6 s per repetition. However, 

studies comparing the effects of slow velocity and moderate load vs. fast velocity and light to 

moderate load show that this is not the only way to increase maximal strength in elderly. Thus, 

significant increases for dynamic (3,6,17,20,27,34,45) or isometric maximal strength (27,34) 

occurred for both fast and slow velocity groups. Similar results are also observed in studies 

evaluating only slow velocity (56–58) or fast velocity (12,15,44,47,49). The weekly 

improvements of dynamic strength seem to be similar between slow and fast velocity (1.95±0.90 

and 2.16±0.94%, respectively), however, for isometric maximal strength, there is a trend for fast 

velocity training to be more efficient (1.23±0.52 and 1.80±0.86%, respectively) (Figure 1). 

Neural factors and muscle cross sectional area are related to maximal strength output 

(48). However, for untrained elderly and young adults, neural adaptations following resistance 

training have greater influence than muscle hypertrophy for strength increases (7,9,57). Both fast 

and slow contractions are capable of enhancing maximum voluntary activation levels, but fast 

contractions elicit a greater motor unit activation level - in spite of the relatively lower intensity - 

than slow contractions (19). There are also evident differences in the surface electromyography 

amplitude between slow and fast contractions of the same external load (11,55). Consequently, 

moderate to high intensity resistance training executed as fast as possible would result in greater 

improvements than equivalent-intensity slow resistance training. Recent meta-analyses suggested 

that strength increments can be optimized training with 70–79 % of 1-RM and time under 
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tension of 6 s per repetition in elderly, but this analysis did not take into consideration the 

velocity of training (5). Importantly, fast contractions at higher intensities appear to provide 

greater increases in strength compared with lower intensities (8).  

 

Muscle power output 

Recommendations for power output improvements include the use of light to moderate 

loading (30–60% of 1-RM) and fast velocity contractions (8,48). Thus, in contrast to maximal 

strength and muscle mass which are stimulated efficiently at either slow or fast velocity of 

contraction, muscle power adaptations are optimized by using faster velocity of contraction 

(8,54). Direct comparisons show an advantage of fast velocity training compared with slow 

velocity for power enhancement in older adults (6,17,27,45). The effect of slow velocity training 

in power are contradictory, with some studies reporting increased power output (3,6,20,27,45) 

and others not (17,56,58) (1.06±0.86% per week). However, there is a consensus that faster 

velocity of training with a wide range of intensities (30–85% of 1-RM) results in greater power 

improvements (2.20±1.34% per week) (3,6,12,15,17,20,27,44,45,47,49). 

Muscle power output is the product of force and velocity of muscle contraction. It was 

reported in young subjects that training with maximal intended velocity has great influence in 

power improvements due to increases in both maximal force, rate of force development (32), the 

velocity that the muscle is activated (i.e., rate of electromyography rise) (16) and shortened 

(1,50). On the other hand, while slow velocity training has positive effects on muscle force, the 

effects are more limited in regards to faster muscle activation and shortening ability in young 

subjects (2,4) and untrained elderly (58). There is a marked difference between fast and slow 

training in the power output capacity (54). Nevertheless, it seems that fast velocity training either 
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with higher or lower intensities provides similar increases in power output in elderly (8). Thus, 

focusing on contracting as fast as possible regardless of the actual external load seems to be the 

key.  

 

Explosive force (rate of force development) 

Training with the intention to contract muscles as fast as possible is effective for 

improving explosive force, i.e., rate of force development measured during static contraction 

(25). Only few studies investigating explosive force adaptations following slow velocity training 

among elderly exist, and show none or only minimal improvements with this velocity and 

moderate training intensity (0.03±1.63% per week) (17,34,58). In contrast, fast velocity 

resistance training results in large increases of explosive force (4.31±3.32% per week), 

exceeding even power improvements in older persons (12,15,17,34,44). 

For a great explosive force production, a basic requirement is that the nervous system 

activates as many motor neurons as possible with the highest possible firing frequency at the 

onset of contraction. Studies investigating neuromuscular adaptations underlying explosive force 

improvements have been performed preferentially in young adults (2,4). Resistance training 

composed of fast contractions can positively influence explosive force by increasing neural drive 

(4), and by increasing maximal strength (2). On the other hand, slow contractions and moderate 

load resistance training are not as effective as fast contractions to increase fast muscle activation 

(4). Thus, increases in explosive force in the later phase of contraction (e.g., 200 ms from onset) 

can effectively be achieved with maximal strength adaptations (2,4). 
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Muscle hypertrophy 

For muscle hypertrophy of older adults with novice and intermediate level experience in 

resistance training, the ACSM recommendations are the same as for maximal strength: moderate 

loading (60–85% of 1-RM) and slow to moderate velocities (48). However, this is not the only 

way to achieve muscle hypertrophy. Few studies have compared the effects of slow velocity (2-3 

s concentric and 2-3 s eccentric) and moderate load (50-85% of 1-RM) against fast velocity 

(concentric as fast as possible or plyometric) and light to moderate load (30–85 % of 1-RM) for 

muscle hypertrophy in elderly (17,27). These studies found significant increases of muscle or 

lean mass during the intervention period without significant differences between groups. Some 

studies have evaluated only slow velocity (56–58) or fast velocity resistance training (15,44,49). 

Based on these studies, slow and fast velocity methods showed similar increases of 0.94±1.33 

and 1.00±1.26% per week of training. 

Hypertrophic muscular adaptations can be attained with mechanical and metabolic 

stresses following resistance training (21–23). Compared to neural factors, hypertrophy has 

smaller influence in strength increase of untrained elderly (9,10,39,57). Therefore, muscle mass 

increases would not be the major determinant for increased function observed during resistance 

training in elderly novice practitioners. However, there is no doubt about the metabolic and 

endocrine benefits of skeletal muscle mass (53). In addition, lower levels of skeletal muscle mass 

are associated with functional impairment and physical disability. Thus, improvements of muscle 

mass should also be prioritized in the training prescription. In this regard, fast velocity training 

seems as effective as slow velocity training but as the total load is an important stimulus to 

increase muscle mass, slow contractions using higher loads could also be combined with low 

loads of higher velocity across the training periodization. 
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Functional capacity 

Maximal strength, power output, explosive force, and skeletal muscle mass influence 

functional capacity (i.e., the ability to perform activities of daily living, e.g., walking, seating, 

stair climbing) (8,30,38), and simultaneous improvements in these qualities would therefore be 

beneficial for functional improvements. Improvement of functional capacity tests (e.g., timed up 

and go, walking speed, stair ascent and descent, 30-s sit to stand) among elderly have been 

observed in a wide variety of fast velocity resistance training studies (3,6,14,17,27,34,44–46,49). 

Some studies investigating slow velocity with moderate load training also found increases of 

functional capacity (3,17,27,45). However, other studies did not, even when strength and/or 

muscle mass increases were observed (6,34,56). Comparing the different training velocities, 

studies using slower velocities showed a smaller increase in functional capacity compared with 

faster velocity (0.56±0.43 and 1.37±1.15% per week, respectively). Thus, the greater increases in 

power output and explosive force observed during fast velocity training seems to influence 

functional capacity in a higher magnitude compared to maximal strength increases alone. A 

plausible reason for this is that daily living activities are most often performed in repeated circles 

of acceleration and deceleration, and not as slowly controlled contractions.   

 

Concluding remarks 

This mini review provides evidence that slow (i.e., hypertrophic type) and fast velocity 

(i.e., power or explosive type) training can similarly improve muscle mass in untrained elderly. 

However, compared with slow velocity, training at fast velocity using similar loads induces 

greater improvements in maximal force and greater improvements in power output, and 

explosive force of untrained elderly. These adaptations lead to more efficient development of 
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functional capacity following fast velocity training. Thus, fast velocity training is more beneficial 

than slow velocity training for neuromuscular and functional improvements in untrained elderly. 

Most of the studies used seated leg press, knee extension, and leg curl, however, other lower 

limbs exercises, such as squat variations, calf raise, and plyometric training have also shown to 

be effective (Tables 1 and 2).  

Despite power/explosive training being a safe and efficient method for older persons (9), 

the personal trainer should take certain caution when prescribing this type of training. Before 

employing fast velocity contractions in the resistance training program, the personal trainer 

should check existing musculoskeletal disorder that may be worsened by this type of training 

(especially plyometric training). For example, does the client have a history of disc prolapse, 

whiplash, severe arthritis, radiating pain etc. Thereafter, ensure that the client performs the 

respective exercises with proper technique. For beginners in resistance training, it may be more 

feasible and safe to use exercises such as knee extension, seated leg curl, and seated leg press, 

with free weight exercises performed only using slow and controlled contraction velocity. Free 

weight exercises using fast velocity and plyometric exercises could be performed by intermediate 

to advanced clients, because it requires good dynamic balance and therefore inherently increases 

the risk of falling during exercise. Even so, the personal trainer should evaluate the readiness of 

each individual to perform this type of training. During exercises requiring dynamic balance, 

safety strategies (e.g., holding a stable structure or close monitoring by the personal training) 

should be taken. Plyometric training is characterized by a fast concentric preceded by a fast 

eccentric action that increases subsequent muscle damage and soreness, requiring a longer 

recovery period between training sessions. Moreover, acutely induced resistance training-related 
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muscle damage can decrease functional capacity and increase risk of falling in elderly during the 

recovery period (40). 

A safe power/explosive training session for elderly subjects should be performed during 

full supervision (47) and begin with a proper general and specific warm-up and dynamic 

mobility exercises with the aim of reducing the risk of musculoskeletal injuries. Training volume 

as well as intensity should be increased progressively, where a single set per exercise per session 

can be effective for beginners (44), with gradual introduction of more sets to ensure continuous 

adaptations. Moreover, the use of non-failure resistance training seems to optimize 

neuromuscular adaptations for this population (39), whereas repetitions to concentric failure can 

increase cardiovascular risks (promote greater increases in heart rate and blood pressure) (10). In 

addition, starting with light to moderate loads of 30–60% of 1-RM in untrained elderly and 

increasing loads progressively to ~85% of 1-RM to ensure safety and adherence (40). 

Concerning rest interval between sets, studies suggest that 60-180 s is adequate for recovery 

(Table 2). However, longer rest intervals will allow greater neuromuscular recovery (lower 

fatigue), leading to greater performance in the subsequent sets. Nevertheless, the personal trainer 

should balance this against the often limited time available with each client. Optimal recovery 

time between power/explosive type training sessions in elderly remain unclear. However, it 

seems that individuals respond differently (40) and the personal trainer should closely monitor 

progression of each client to be able to individually adjust the training program. 

  ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



12 
 

References 

1.  Andersen, LL, Andersen, JL, Magnusson, SP, Suetta, C, Madsen, JL, Christensen, LR, et 

al. Changes in the human muscle force-velocity relationship in response to resistance 

training and subsequent detraining. J Appl Physiol 99: 87–94, 2005. 

2.  Andersen, LL, Andersen, JL, Zebis, MK, and Aagaard, P. Early and late rate of force 

development: Differential adaptive responses to resistance training? Scand J Med Sci 

Sport 20: 162–169, 2010. 

3.  Balachandran, A, Krawczyk, SN, Potiaumpai, M, and Signorile, JF. High-speed circuit 

training vs hypertrophy training to improve physical function in sarcopenic obese adults: 

A randomized controlled trial. Exp Gerontol 60: 64–71, 2014. 

4.  Balshaw, TG, Massey, GJ, Maden-Wilkinson, TM, Tillin, NA, and Folland, JP. Training-

specific functional, neural, and hypertrophic adaptations to explosive- vs. sustained-

contraction strength training. J Appl Physiol 120: 1364–1373, 2016. 

5.  Borde, R, Hortobágyi, T, and Granacher, U. Dose-Response Relationships of Resistance 

Training in Healthy Old Adults: A Systematic Review and Meta-Analysis. Sport Med 45: 

1693–1720, 2015. 

6.  Bottaro, M, Machado, SN, Nogueira, W, Scales, R, and Veloso, J. Effect of high versus 

low-velocity resistance training on muscular fitness and functional performance in older 

men. Eur J Appl Physiol 99: 257–264, 2007. 

7.  Buckner, SL, Dankel, SJ, Mattocks, KT, Jessee, MB, Mouser, JG, Counts, BR, et al. The 

problem Of muscle hypertrophy: Revisited. Muscle Nerve 54: 1012–1014, 2016. 

8.  Byrne, C, Faure, C, Keene, DJ, and Lamb, SE. Ageing, Muscle Power and Physical 

Function: A Systematic Review and Implications for Pragmatic Training Interventions. 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



13 
 

Sport Med 1–22, 2016. 

9.  Cadore, EL and Izquierdo, M. Muscle Power Training: A Hallmark for Muscle Function 

Retaining in Frail Clinical Setting. J Am Med Dir Assoc 19: 190–192, 2018.Available 

from: https://doi.org/10.1016/j.jamda.2017.12.010 

10.  Cadore, EL, Pinto, RS, Reischak-Oliveira, Á, and Izquierdo, M. Explosive type of 

contractions should not be avoided during resistance training in elderly. Exp Gerontol 

102: 81–83, 2018.Available from: https://doi.org/10.1016/j.exger.2017.12.003 

11.  Calatayud, J, Vinstrup, J, Jakobsen, MD, Sundstrup, E, Colado, JC, and Andersen, LL. 

Influence of different attentional focus on EMG amplitude and contraction duration during 

the bench press at different speeds. J Sports Sci 36: 1162–1166, 2018.Available from: 

https://doi.org/10.1080/02640414.2017.1363403 

12.  Caserotti, P, Aagaard, P, Buttrup Larsen, J, and Puggaard, L. Explosive heavy-resistance 

training in old and very old adults: Changes in rapid muscle force, strength and power. 

Scand J Med Sci Sport 18: 773–782, 2008. 

13.  Chodzko-Zajko, WJ, Proctor, DN, Fiatarone Singh, MA, Minson, CT, Nigg, CR, Salem, 

GJ, et al. Exercise and physical activity for older adults. Med Sci Sports Exerc 41: 1510–

1530, 2009. 

14.  Conlon, JA, Newton, RU, Tufano, JJ, Banyard, HG, Hopper, AJ, Ridge, AJ, et al. 

Periodization Strategies in Older Adults. Med Sci Sport Exerc 1, 2016. 

15.  Conlon, JA, Newton, RU, Tufano, JJ, Peñailillo, LE, Banyard, HG, Hopper, AJ, et al. The 

efficacy of periodised resistance training on neuromuscular adaptation in older adults. Eur 

J Appl Physiol 1–14, 2017. 

16.  Cormie, P, McGuigan, MR, and Newton, RU. Influence of strength on magnitude and 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



14 
 

mechanisms of adaptation to power training. Med Sci Sports Exerc 42: 1566–1581, 2010. 

17.  Correa, C, LaRoche, D, Cadore, EL, Reischak-Oliveira, A, Bottaro, M, Kruel, LFM, et al. 

3 Different types of strength training in older women. Int J Sports Med 33: 962–969, 

2012. 

18.  Davies, TB, Kuang, K, Orr, R, Halaki, M, and Hackett, D. Effect of Movement Velocity 

During Resistance Training on Dynamic Muscular Strength: A Systematic Review and 

Meta-Analysis. Sport Med 47: 1603–1617, 2017. 

19.  Desmedt, BJE and Godaux, E. Ballistic contractions in man: Characteristic recruitment 

pattern of single motor units of the tibialis anterior muscle. J Physiol 264: 673–693, 1977. 

20.  Fielding, RA, Lebrasseur, NK, Cuoco, A, and Bean, J. High-Velocity Resistance Training 

Increases Skeletal Muscle Peak. J Am Coll Cardiol 50: 655–662, 2002. 

21.  Glass, DJ. Signalling pathways that mediate skeletal muscle hypertrophy and atrophy. Nat 

Cell Biol 5: 87–90, 2003. 

22.  Glass, DJ. Skeletal muscle hypertrophy and atrophy signaling pathways. Int J Biochem 

Cell Biol 37: 1974–1984, 2005. 

23.  Goldberg, AL, Etlinger, JD, Goldspink, DF, and Jablecki, C. Mechanism of work-induced 

hypertrophy of skeletal muscle. Med Sci Sports 7: 248 0 261, 1975. 

24.  González-Badillo, JJ and Sánchez-Medina, L. Movement velocity as a measure of loading 

intensity in resistance training. Int J Sports Med 31: 347–352, 2010. 

25.  Guizelini, P de C, Aguiar, RA, Denadai, BS, Caputo, F, Greco, CC, de Aguiar, RA, et al. 

Effect of resistance training on muscle strength and rate of force development in healthy 

older adults: A systematic review and meta-analysis. Exp Gerontol 102: 51–58, 2018. 

26.  Hackett, DA, Davies, TB, Orr, R, Kuang, K, and Halaki, M. Effect of movement velocity 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



15 
 

during resistance training on muscle-specific hypertrophy: A systematic review. Eur J 

Sport Sci 12: 1–10, 2018. 

27.  Henwood, T, Riek, S, Henwood, TR, Riek, S, and Taaffe, DR. Strength Versus Muscle 

Power-Specific Resistance Training in Community-Dwelling Older Adults. Journals 

Gerontol Ser A Biol Sci Med Sci 8: 83–91, 2008. 

28.  Izquierdo, M, Aguado, X, Gonzalez, R, López, JL, and Häkkinen, K. Maximal and 

explosive force production capacity and balance performance in men of different ages. 

Eur J Appl Physiol 79: 260–267, 1999. 

29.  Izquierdo, M, Rodriguez-Mañas, L, Casas-Herrero, A, Martinez-Velilla, N, Cadore, EL, 

and Sinclair, AJ. Is It Ethical Not to Precribe Physical Activity for the Elderly Frail? J Am 

Med Dir Assoc 17: 779–781, 2016. 

30.  Janssen, I, Heymsfield, SB, and Ross, R. Low relative skeletal muscle mass (sarcopenia) 

in older persons is associated with functional impairment and physical disability. J Am 

Geriatr Soc 50: 889–896, 2002. 

31.  Kraemer, WJ and Ratamess, N a. Fundamentals of Resistance Training: Progression and 

Exercise Prescription. Med Sci Sports Exerc 36: 674–688, 2004. 

32.  Kyrolainen, H, Avela, J, McBride, JM, Koskinen, S, Andersen, JL, Sipila, S, et al. Effects 

of power training on muscle structure and neuromuscular performance. Scand J Med Sci 

Sport 15: 58–64, 2005. 

33.  Leyva, A, Balachandran, A, and Signorile, JF. Lower-Body Torque and Power Declines 

Across Six Decades in Three Hundred Fifty-Seven Men and Women: A Cross-sectional 

Study With Normative Values. J Strength Cond Res 30: 141–158, 2016. 

34.  Lopes, PB, Pereira, G, Lodovico, A, Bento, PCB, and Rodacki, ALF. Strength and Power 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



16 
 

Training Effects on Lower Limb Force, Functional Capacity and Static and Dynamic 

Balance in Older Female Adults. Rejuvenation Res 19: 385–393, 2015. 

35.  Manini, TM and Clark, BC. Dynapenia and aging: An update. Journals Gerontol - Ser A 

Biol Sci Med Sci 67 A: 28–40, 2012. 

36.  Manini, TM, Hong, SL, and Clark, BC. Aging and muscle: a neuron’s perspective. Curr 

Opin Clin Nutr Metab Care 16: 1–10, 2013. 

37.  Miljkovic, N, Lim, J-Y, Miljkovic, I, and Frontera, WR. Aging of Skeletal Muscle Fibers. 

Ann Rehabil Med 39: 155, 2015. 

38.  Moura, BM de, Sakugawa, RL, Orssatto, LB da R, Lima, LAP de, Pinto, RS, Walker, S, et 

al. Functional capacity improves in-line with neuromuscular performance after 12 weeks 

of non-linear periodization strength training in the elderly. Aging Clin Exp Res in press, 

2017. 

39.  Neves, LX da S, Teodoro, JL, Menger, E, Lopez, P, Grazioli, R, Farinha, J, et al. 

Repetitions to failure versus not to failure during concurrent training in healthy elderly 

men: A randomized clinical trial. Exp Gerontol 108: 18–27, 2018.Available from: 

https://doi.org/10.1016/j.exger.2018.03.017 

40.  Orssatto, LB da R, Moura, BM de, Bezerra, E de S, Andersen, LL, Oliveira, SN de, and 

Diefenthaeler, F. Influence of strength training intensity on subsequent recovery in 

elderly. Exp Gerontol 106: 232–239, 2018. 

41.  Peterson, MD, Rhea, MR, Sen, A, and Gordon, PM. Resistance exercise for muscular 

strength in older adults: A meta-analysis. Ageing Res Rev 9: 226–237, 2010. 

42.  Peterson, MD, Sen, A, and Gordon, PM. Influence of Resistance Exercise on Lean Body 

Mass in Aging Adults: A Meta-Analysis. Med Sci Sport Exerc 43: 249–258, 2011. 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



17 
 

43.  Pijnappels, M, van der Burg, JCE, Reeves, ND, and van Dieën, JH. Identification of 

elderly fallers by muscle strength measures. Eur J Appl Physiol 102: 585–592, 2008. 

44.  Radaelli, R, Brusco, CM, Lopez, P, Rech, A, Machado, CL, Grazioli, R, et al. Higher 

muscle power training volume is not determinant for the magnitude of neuromuscular 

improvements in elderly women. Exp Gerontol , 2018. 

45.  Ramírez-Campillo, R, Castillo, A, de la Fuente, CI, Campos-Jara, C, Andrade, DC, 

Álvarez, C, et al. High-speed resistance training is more effective than low-speed 

resistance training to increase functional capacity and muscle performance in older 

women. Exp Gerontol 58: 51–57, 2014. 

46.  Ramirez-campillo, R, Cristi-montero, C, Ramirez-campillo, R, and Diaz, D. Effects of 

different doses of high-speed resistance training on physical performance and quality of 

life in older women: a randomized controlled trial. Clin Interv Aging 11: 1–8, 2016. 

47.  Ramírez-Campillo, R, Martínez, C, de La Fuente, CI, Cadore, EL, Marques, MC, 

Nakamura, FYFY, et al. High-Speed Resistance Training in Older Women : The Role of 

Supervision. J Aging Phys Act , 2016. 

48.  Ratamess, A, Alvar, B a., Evetoch, TK, Housh, TJ, Kibler, W Ben, Kraemer, WJ, et al. 

American College of Sports Medicine Position Stand: Progression models in resistance 

training for healthy adults. Med Sci Sports Exerc 41: 687–708, 2009. 

49.  Reid, KF, Martin, KI, Doros, G, Clark, DJ, Hau, C, Patten, C, et al. Comparative effects of 

light or heavy resistance power training for improving lower extremity power and physical 

performance in mobility-limited older adults. Journals Gerontol - Ser A Biol Sci Med Sci 

70: 374–380, 2015. 

50.  Reid, KF, Pasha, E, Doros, G, Clark, DJ, Patten, C, Phillips, EM, et al. Longitudinal 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



18 
 

decline of lower extremity muscle power in healthy and mobility-limited older adults: 

Influence of muscle mass, strength, composition, neuromuscular activation and single 

fiber contractile properties. Eur J Appl Physiol 114: 29–39, 2014. 

51.  Ruiz, JR, Sui, X, Lobelo, F, Morrow, JR, Jackson, AW, Sjostrom, M, et al. Association 

between muscular strength and mortality in men: prospective cohort study. Bmj 337: 

a439–a439, 2008. 

52.  Schettino, L, Luz, CPN, De Oliveira, LEG, De Assunção, PL, Da Silva Coqueiro, R, 

Fernandes, MH, et al. Comparison of explosive force between young and elderly women: 

Evidence of an earlier decline from explosive force. Age (Omaha) 36: 893–898, 2014. 

53.  Schnyder, S and Handschin, C. Skeletal muscle as an endocrine organ: PGC-1a, myokines 

and exercise. Bone 80: 115–125, 2015. 

54.  Steib, S, Schoene, D, and Pfeifer, K. Dose-response relationship of resistance training in 

older adults: A meta-analysis. Med Sci Sports Exerc 42: 902–914, 2010. 

55.  Vinstrup, J, Calatayud, J, Jakobsen, MD, Sundstrup, E, and Andersen, LL. Focusing on 

Increasing Velocity during Heavy Resistance Knee Flexion Exercise Boosts Hamstring 

Muscle Activity in Chronic Stroke Patients. Neurol Res Int 2016: 1–6, 2016. 

56.  Walker, S, Haff, GG, Häkkinen, K, and Newton, RU. Moderate-Load Muscular 

Endurance Strength Training Did Not Improve Peak Power or Functional Capacity in 

Older Men and Women. Front Physiol 8: 1–11, 2017. 

57.  Walker, S and Häkkinen, K. Similar Increases in Strength After Short-Term Resistance 

Training Due to Different Neuromuscular Adaptations in Young and Older Men. J 

Strength Cond Res 28: 3041–3048, 2014. 

58.  Walker, S, Peltonen, H, and Häkkinen, K. Medium-intensity, high-volume “hypertrophic” 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



19 
 

resistance training did not induce improvements in rapid force production in healthy older 

men. Age (Omaha) 37, 2015. 

 

 
Figure captions 

Figure 1. Summary of the studies examining the improvements (normalized per weeks of 

training, i.e., percentage improvement per week) in maximal strength (1-RM and isometric), 

peak power output, explosive force, muscle hypertrophy, and functional capacity after slow 

velocity (white scatter dots) or fast velocity (black scatter dots) resistance training in untrained 

elderly people. Maximal strength, 1-RM: slow (3,6,17,20,27,45,56–58) and fast 

(3,6,14,17,20,27,45,47,49) velocity; Isometric: slow (20,27,34,56–58) and fast (12,14,27,34) 

velocity; peak power output: slow (3,6,17,20,27,45,56,58) and fast (3,12,15,17,20,27,45,47,49) 

velocity; Explosive force: slow (17,34,58) and fast (12,15,17,34) velocity; Muscle hypertrophy: 

slow (17,27,56–58) and fast (15,17,27,49) velocity; Functional capacity: slow 

(3,6,17,27,34,45,56) and fast  (3,6,14,17,27,34,45–47,49) velocity. 

 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table. 1. Summary of slow velocity resistance training design. 

Study Sample 
Age 

(years) 
Duration 
(weeks) 

Frequency 
(days/week) 

Lower limbs exercises Intensity Sets Reps 
Rest 

interval 
Velocity 

Balachandran 
et al. (3) 

n=9 (♀=8 and 
♂=1) 

71 ± 8.2 15 2 
Leg press, leg curl, hip adduction and calf 

raise 
70% of 1-RM 3 10-12 60-120 s 

Con: 2 s 
Ecc: 2 s 

Bottaro et al. 
(6) 

n= 9 (♂) 
66.3  ± 

4.8 
10 2 Leg press, knee extension and knee flexion 

40-60% of 1-
RM 

3 8-10 90 s 

Con: 2-3 
s 

Ecc: 2-3 
s 

Correa et al. 
(17) 

n=14 (♂) 67 ± 5 6 2 Leg press, knee extension and knee flexion RM 
3-4 

 
8-12 

 
120 s 

Con: 2 s 
Ecc: 2 s 

Fielding et al. 
(20) 

n=15 (♀) 72.1 ± 1.3 16 3 Leg press and knee extension 70% of 1-RM 3 8 NR 
Con: 2 s 
Ecc: 2 s 

Henwood et al. 
(27) 

n=19 (♀=9 and 
♂=10) 

69.6 ± 1.1 24 2 Leg press, prone leg curl and leg extension 75% of 1-RM 3 8 60 s 
Con: 3 s 
Ecc: 3 s 

Lopes et al. 
(34) 

n=14 (♀) 69 ± 7.3 12 3 

Horizontal leg press, knee extension, knee 
flexion, plantar flexion in the step, abductor 

and 
adductor machines 

60% of 1-RM 
and RM. 

3 8 60 s 
Con: 2 s 
Ecc: 2 s 

Ramirez-
Campillo et al. 

(45) 
n=15 (♀) 68.7 ± 6.4 12 3 Leg press, prone leg curl and leg extension 75% of 1-RM 3 8 60 s 

Con: 3 s 
Ecc: 3 s 

Walker et al. 
(57) 

n=26 (♂) 65 ± 4 10 2 Leg press, knee extension and knee flexion 
60-85% of 1-

RM 
2-5 8-14 60-120 s 

Con: 2 s 
Ecc: 2 s 

Walker et al. 
(58) 

n=27 (♂); 65±4 20 2 Leg press, knee extension and knee flexion 
60-85% of 1-

RM 
2-4 8-14 60-120 s 

Con: 2 s 
Ecc: 2 s 

Walker et al. 
(56) 

n=81 (♀=46 and 
♂=35) 

♀=68.6 ± 
2.0 

♂=69.8 ± 
2.4 

12 2 
Leg press, knee extension, knee flexion and 

seated calf-raise 
50-60% of 1-

RM 
2 
3 

16-20 
14-16 

30-240 s 
Con: 2 s 
Ecc: 2 s 

Reps, repetitions per set; RM, repetition maximum; NR, non-reported; Con, concentric; Ecc, eccentric. 
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Table. 2. Summary of fast velocity resistance training design. 

Study Sample Age 
Duration 
(weeks) 

Frequency 
(days/week) 

Lower limbs exercises Intensity Sets Reps 
Rest 

interval 
Velocity 

Balachandran 
et al. (3) 

n=8 (♀) 
71.6 ± 

7.8 
15 2 

Leg press, leg curl, hip 
adduction and calf raise 

50-65 % of 1-RM 3 10-12 60-120 s 
Con: AFAP 

Ecc: 2 s 

Bottaro et al. (6) n= 9 (♂) 
66.3  ± 

4.8 
10 2 

Leg press, knee 
extension, knee flexion 

40-60% of 1-RM 3 8-10 90 s 
Con: AFAP 
Ecc: 2-3 s 

Conlon et al. 
(14,15) 

Non-periodized 
group, n=10 
(♀=6; ♂=4) 

70.4 ± 
6.1 

 
22 3 

Seated leg press, seated 
leg-curl, and leg 

extension 
RM 3 10 90-120 s 

Con: AFAP 
Ecc: 2 s 

Block 
periodization 
group, n=13 
(♀=6; ♂=7) 

71.8 ± 
5.4 

22 3 
Seated leg press, seated 

leg-curl, and leg 
extension 

RM 3 
5, 10 or 

15 
90-120 s 

Con: AFAP 
Ecc: 2 s 

Daily-undulating 
periodization 
group, n=10 
(♀=5; ♂=5) 

71.2 ± 
4.2 y 

22 3 
Seated leg press, seated 

leg-curl, and leg 
extension 

RM 3 
5, 10 or 

15 
90-120 s 

Con: AFAP 
Ecc: 2 s 

Correa et al. (17) 

Power training 
group, n=13 (♂) 

67 ± 5 6 2 
Leg press, knee 

extension and knee 
flexion 

RM 
3-4 

 
8-12 

 
120 s 

Con: AFAP 
Ecc: 2 s 

Rapid strength 
training group, 

n=14 (♂) 
67 ± 5 6 2 

Lateral box jump, knee 
extension and knee 

flexion 

RM and box 
height (10-30cm) 

3-4 
 

8-12 
 

120 s 
Con: AFAP 

Ecc: 2 s 

Fielding et al. 
(20) 

n=15 (♀) 
73.2 ± 

1.2 
16 3 

Leg press and knee 
extension 

70% of 1-RM 3 8 NR 
Con: AFAP 

Ecc: 2 s 

Henwood et al. 
(27) 

n=19 (♀=12; 
♂=7); 

 

71.2  ± 
1.3 

24 2 
Leg press, prone leg curl 

and leg extension 
40-75% of 1-RM 3 8-10 60 s 

Con: AFAP 
Ecc: 3 s 

Lopes et al. (34) 
n=12 (♀) 

 
67 ± 7.4 12 3 

Horizontal leg press, 
knee extension, knee 

flexion, plantar flexion in 
the step, abductor and 

adductor machines 

40-80% of 
baseline 1-RM 

3-4 8 180 s 
Con: AFAP 

Ecc: 2 s 

Radaelli et al. 
(44) 

Low volume 
group, n=13 

64.8 ± 
3.2 

12 2 
Knee extension, bilateral 
leg curl, hip abduction, 

and hip adduction 
30-60% of 1-RM 1 8-12 180 s 

Con: AFAP 
Ecc: 2-3 s 

High volume 
group, n=13 

66.2 ± 
2.4 

12 2 
Knee extension, bilateral 
leg curl, hip abduction, 

and hip adduction 
30-60% of 1-RM 3 8-12 180 s 

Con: AFAP 
Ecc: 2-3 s 

Ramirez-
Campillo et al. 

(45) 
n=15 (♀) 66.3±3.7 12 3 

Leg press, prone leg curl, 
leg extension and CMJ* 

40-75% of 1-RM 
3 
2* 

8 
3* 

60 s 
Con: AFAP 

Ecc: 3 s 

Ramirez- Two-times/week 70.0±6.9 12 2 Leg extension and CMJ* 75% of baseline 3 8 60 s Con: AFAP 
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Campillo et al. 
(46) 

group, n=8 (♀) 1-RM 4* Ecc: 3 s 
Three-times/week 

group, n=8 (♀) 
71.9±6.3 12 3 Leg extension and CMJ* 

75% of baseline 
1-RM 

2 
8 
4* 

60 s 
Con: AFAP 

Ecc: 3 s 
Ramirez-

Campillo et al. 
(47) 

High supervision 
group, n=30 (♀) 

67.5 ± 
5.3 

12 3 
Leg press, prone leg curl, 
leg extension and CMJ* 

40-75% of 
baseline 1-RM 

3 
2* 

8 
3* 

60 s 
Con: AFAP 

Ecc: 3 s 

Reid et al. (49) 

Low intensity 
group, n=25 

(♀=15 and ♂=10) 
 

78.3±5 16 2 
Seated leg press and 

seated knee extension. 
40% of 1-RM 3 10 NR 

Con: AFAP 
Ecc: 2 s 

High intensity 
group n=27 

(♀=18 and ♂=9) 
77.6 ± 4 16 2 

Seated leg press and 
seated knee extension. 

70% of 1-RM 3 10 NR 
Con: AFAP 

Ecc: 2 s 

Reps, repetitions per set; RM, repetition maximum; AFAP, as fast as possible; NR, not reported; *different sets and repetitions number for specific 
exercise; CMJ, countermovement jump; Con, concentric; Ecc, eccentric. 
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