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Revisión

Abstract
The purpose of this systematic review was: a) to determine the quality of evidence from studies assessing the effects of different lower limb stren-
gthening protocols on muscle activity, strength, and power in sedentary and/or physically inactive subjects; and b) to determine the effectiveness 
of lower extremity strengthening protocols on muscle activity, strength, and power in sedentary and/or physically inactive subjects. Preferred 
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statements were followed using keywords associated with strength trai-
ning, lower limb, sedentary, and physical inactivity. Four databases were used: Medline via PubMed, Web of Science, Scopus and SPORTDiscus. 
Methodological quality was assessed using the PEDro scale. A total of 164 articles were retrieved, six included in this review. Four studies were 
classified as fair methodological quality, and two were considered of good methodological quality. 

Due to the heterogeneity in methodological aspects and the limited number of articles including the variables under study, it was not possible to 
establish a measure of effectiveness of lower limb strengthening protocols on muscle activity, strength, or power. In conclusion, strength training 
in the lower limb seems to improve the levels of strength, power, and muscular activity in sedentary subjects. However, due to the limited number 
of articles, methodological variability, and training methods used, it is necessary to conduct new studies that control these variables.
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Resumen
El propósito de esta revisión sistemática fue: a) determinar la calidad de la evidencia de los estudios que evaluaron los efectos de diferentes 
protocolos de fortalecimiento de miembros inferiores sobre la actividad, la fuerza y ​​la potencia muscular en sujetos sedentarios y/o físicamente 
inactivos; y b) determinar la efectividad de los protocolos de fortalecimiento sobre la actividad, fuerza y ​​potencia muscular de miembros infe-
riores en sujetos sedentarios y/o físicamente inactivos. Se siguieron los criterios PRISMA (Preferred Reporting Items for Systematic Review and 
Meta-Analyse) utilizando palabras clave asociadas con el entrenamiento de fuerza, extremidades inferiores, sedentarismo e inactividad física. Se 
revisaron cuatro bases de datos: Medline vía PubMed, Web of Science, Scopus y SPORTDiscus. La calidad metodológica se evaluó mediante la 
escala PEDro. Se recuperaron 164 artículos en total, seis incluidos en esta revisión. Cuatro estudios se clasificaron como de calidad metodológica 
regular y dos se consideraron de buena calidad metodológica.

Debido a la heterogeneidad en los aspectos metodológicos y al escaso número de artículos que incluyeron las variables en estudio, no fue posible 
establecer una medida de efectividad de los protocolos de fortalecimiento de miembros inferiores sobre la actividad, la fuerza o la potencia 
muscular. En conclusión, el entrenamiento de fuerza en el miembro inferior parece mejorar los niveles de fuerza, potencia y actividad muscular en 
sujetos sedentarios. No obstante, debido al número limitado de artículos, la variabilidad metodológica y los métodos de entrenamiento utilizados, 
es necesario realizar nuevos estudios que controlen estas variables.

Palabras clave: 

Entrenamiento de 
resistencia. Ejercicio 
pliométrico. Extremidad 
inferior. Músculo. 
Comportamiento 
sedentario.

INTRODUCTION 

There is evidence suggesting that physical inactivity and sed-
entary behavior increase the risk of adverse health outcomes 
(1). In particular, a sedentary lifestyle and/or low physical activity 
increases the risk of pathologies in the lower extremities (LE) (2) 
and, from a musculoskeletal point of view, it has been associated 
with a decrease in muscle mass (3), generating a reduction in the 
physiological cross-sectional area, altering the ability to develop 
higher levels of muscle strength and power. Strengthening proto-
cols are largely used to improve muscle performance outcomes 
such as maximum strength and power. A variety of strength train-
ing modalities have been shown to be effective in improving these 
variables in both trained and untrained populations (4). However, 
in an untrained population, the effects have been described with 
little verification of their level of physical activity (i.e., sedentary, 
physically inactive or physically active-sedentary), even though it 
has already been established that training status influences the 
capacity of a muscle to gain strength (5), and sedentary lifestyle 
is considered as an additional risk factor to physical inactivity 
(6,7). In brief, how different types of strength training affect lower 
limb muscle activity, strength, and power of sedentary and/or 
physically inactive subjects remains unclear.

It has been stated that gender (8) and age (9) modulate the 
effects of strength training on physical and muscle performance. 
Additionally, there are differences in the effects of strength train-
ing between the upper and lower limbs due to morphological and 
functional differences (10). From a functional perspective, it is 
thought that the upper limbs have adequate levels of strength 
and mobility to allow their use in daily life activities and that the 
lower limbs have adequate levels of strength and balance to 
safely allow mass displacement. In the upper limb, strength train-
ing has been shown to improve other performance and functional 
variables (11-14). In the lower limb, there is evidence suggesting 
that strength protocols can reduce pain and improve physical 
function in knee osteoarthritis (15), and can reduce the risk of an 
anterior cruciate ligament tear in athletes (16). However, the ef-
fects of strength protocols on muscle power and electrical activ-
ity in sedentary or physically inactive subjects is lacking, despite 
the relevance of these variables for the function attributed to the 
lower limbs (i.e., walking, sit to stand). 

Regarding the benefits of strength exercise in an untrained popu-
lation, it has been suggested that some training methods (i.e., plyo-
metric) might be more suitable for this population as they require 
almost no equipment, very little space, and relatively little time to 
be completed, as a lack of these things can be a major determi-
nant of sustained engagement in a physically active lifestyle (17). 
Also, plyometric training improves jumping performance and skele-
tal muscle contractile properties in seniors (18), as well as muscle 
activation during the performance of strength and jumping tasks (4). 
Similarly, traditional resistance training leads to positive effects on 
strength and body composition in overweight sedentary populations 
(19). However, due to the scarce verification of the level of physical 
activity of the subjects included in those studies, the effects of these 
two modalities (and other types of strength training) on lower limb 
power and muscle activity of sedentary and/or physically inactive 
subjects remain unclear.

Considering the above, it is necessary to substantiate the 
effects that strength protocols have on the levels of strength, 
power, and muscular activity of the lower extremities to establish 
interventions that improve these muscle outcomes, considering 
their impact on preventing the risk of injuries and/or comorbid-
ities in sedentary and/or physically inactive subjects. Despite a 
review conducted on untrained individuals (without a specific 
analysis based on the level of physical activity of the untrained) 
(4), no systematic review has been conducted to establish the ef-
fects of lower extremity strength protocols on muscle activation, 
strength, and power outcomes in sedentary or physically inactive 
subjects. Thus, the objective of this systematic review was: a) 
to determine the quality of evidence from studies assessing the 
effects of different lower limb strengthening protocols on mus-
cle activity, strength, and power in sedentary and/or physically 
inactive subjects; and b) to determine the effectiveness of lower 
extremity strengthening protocols on muscle activity, strength, 
and power in sedentary and/or physically inactive subjects. 

MATERIALS AND METHODS

The Preferred Reporting Items for Systematic Review and Me-
ta-Analyses (PRISMA) guidelines were used (20). The protocol of 
this review was registered in PROSPERO (CRD42021267316).
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STUDY SEARCH

The search was performed by two authors. The databases 
used were Medline, Scopus, SPORTDiscus and Web of Science. 
The search was performed from inception until July 2021. The 
following keywords were included: “Resistance Training”, “Re-
sistance exercise”, “Strength training”, “Lower Limb”, “Lower 
Extremities”, “Sedentary Behavior”, “Physical Inactivity”, “Seden-
tary Lifestyle”, “Sedentary”. 

ELIGIBILITY CRITERIA

To ensure a comprehensive review, articles were selected 
without time limits and based on the following criteria: a) subjects 
> 18 years old who were sedentary or physically inactive, both 
determined according to previous criteria (1); b) participation in 
lower extremity strength training program over four weeks; c) 
randomized clinical trial design; d) studies reporting measures of 
power, strength and/or muscle activity (i.e., electrical activity); e) 
full text available; and f) articles in English. In addition, exclusion 
criteria were: a) articles which included trained and/or physically 
active subjects; b) conference presentations, theses, books, ed-
itorials, review articles and expert opinions; c) duplicate articles; 
and d) those in which the principal or secondary authors did not 
respond to e-mail requests.

STUDY SELECTION

The articles retrieved from the search were entered into the 
Rayyan QCRI application (21), an app that assists the article se-
lection process, optimizing review time and allowing collaborative 
work among researchers (available for free from: http://rayyan.
qcri.org [accessed on July 17th, 2021]). Duplicate articles were 
eliminated, and two investigators independently reviewed titles 
and abstracts to identify articles that met the eligibility criteria. In 
case of discrepancies, a third investigator was consulted and the 
dispute was resolved by consensus. Finally, the selected articles 
were thoroughly read, and the reference list was reviewed for 
relevant articles that could be included.

ASSESSMENT OF THE RISK OF BIAS  
AND QUALITY OF EVIDENCE

Each article included in this systematic review was inde-
pendently assessed for methodological quality by two research-
ers using the PEDro scale (22). This scale consists of eleven 
items encompassing external validity (item 1) and considers two 
aspects of trial quality, namely the “credibility” or internal validity 
of the trial (criteria 2 to 9), and whether the trial contains enough 
statistical information to make it interpretable (criteria 10 and 
11). Items were rated yes or no (1 or 0) according to wheth-
er the criterion was clearly satisfied in the study. A total PEDro 

score was achieved by adding the ratings of items 2 to 11 for a 
combined total score between 0 to 10. It has been suggested 
that scores < 4 are considered “poor”, 4 to 5 are considered 
“fair”, 6 to 8 are considered “good” and 9 to 10 are considered 
“excellent” (23). In case of disagreement among researchers, the 
consensus approach was used; for cases in which consensus 
could not be reached, a third researcher was consulted.

DATA EXTRACTION AND ANALYSIS

An Excel template was used for data extraction for each man-
uscript selected for review and the following information was 
considered: sample size, gender, age, body mass, height, type of 
training, resistance training protocols (frequency, weeks, volume, 
rest), outcomes (muscle activity, power, strength), conclusions or 
practical applications. No method was used to prepare the data 
for presentation or synthesis, only original information from the 
included manuscripts was presented. Meta-analyses could not 
be undertaken due to the heterogeneity of the methods used to 
quantify force (i.e., isokinetic, isometric, RM) or power (i.e., kine-
matics, kinetics) and, because of the lack of studies comparing 
changes in muscle activity, in this sense a narrative synthesis 
was made.

RESULTS

STUDY SELECTION

No systematic reviews with objectives similar to those of the 
present study were found. From the initial search, 164 articles 
were retrieved (Fig. 1), 114 of which were eliminated because 
they were duplicates. Six additional articles were identified from 
other sources. All the articles that assessed strength, power, and/
or muscle activity presented a control group. After evaluating ti-
tles and abstracts, 44 articles were excluded because they did 
not meet the inclusion criteria, leaving 12 articles for full-text 
analysis.

Of the 12 articles, four did not clearly establish the level of 
physical activity of the subjects; upon contacting the authors, 
one study continued to be included, one was eliminated for hav-
ing evaluated physically active subjects, and another two were 
eliminated for not responding to the query. Of the remaining 
nine, after reading the full text, three articles were eliminated 
because their strength protocols were not related only to lower 
limbs. Thus, six articles were selected (24-29), their reference 
lists were checked, and no new articles were found.

STUDY CHARACTERISTICS

Table I shows the characteristics of the subjects included in 
the studies, table II shows the characteristics of the protocols 
applied, and table III shows the main findings per study.
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Figure 1. 

PRISMA flow chart for the systematic review.

Records removed before 
screening:

Duplicate records 
(n = 114)

Records identified from: 
citation searching (n = 6)

Identification of new studies via databases and registers Identification of new studies via other methods

Id
en

tifi
ca

tio
n   

Sc
re

en
in

g
In

cl
ud

ed

Records excluded 
(n = 44)

Reports not retrieved
 (n = 0)

Reports excluded:
Strength training included 

upper extremity and/or 
trunk (n = 3)

New studies included in 
review (n = 3)

Reports of new included 
studies (n = 3)

Reports not retrieved 
 (n = 0)

Reports excluded:
Evaluating physical active 

subjects (n = 1)
No physical activity 
identified (n = 2)

Records identified from:
Databases (n = 4)

Registers (n = 164)

Records screened 
(n = 50)

Reports sought for 
retrieval (n = 6)

Reports assessed for 
eligibility (n = 6)

Reports sought for 
retrieval 
(n = 6)

Reports assessed for 
eligibility (n = 6)

Table I. Characteristics of participants per study 

Study Sample size (n) Gender Age (years)
Body mass (kg) 

or BMI (%)
Height (cm)

Correa et al. (2012) 
(24)

CG = 17; RTG = 14; 
PJG = 14; RTG (power) = 13

Female
NR per group

67 ± 5
NR

NR per group
158.1 ± 10.2

Lovell et al. (2010) 
(25) 

RTG = 12; CG = 12 Male
RTG = 75.2 ± 0.8 

CG = 73.7 ± 1
RTG = 79.4 ± 4.5
CG = 78.9 ± 4.3

RTG = 174 ± 2 
CG = 175 ± 1

Mulla et al. (2018) 
(27) 

RTG = 21; CG = 22
RTG: female = 12; male = 9 
CG: female = 15; male = 7

RTG = 44.1 ± 10.5 
CG = 43.3 ± 10.4

RTG = 83.4 ± 17.6 
CG = 76.8 ± 19.4

RTG = 170± 7
CG = 167 ± 10

Okamoto et al. 
(2009) (28) 

RTG = 10; CG = 10
RTG: female = 3; male = 7 
CG: female = 4; male = 6

RTG = 20.0 ± 0.5 
CG = 20.1 ± 0.3

RTG = 62.9 ± 12.8 
CG = 63.1 ± 15.0

RTG = 166.2 ± 10.8
CG = 167.8 ± 10.6

Ploeg et al. (2010) 
(26)

APJG1 = 10; APJG2 = 11 
PJG = 8; CG = 10

NR per group
Male = 16

Female = 23

NR per group
Males = 21.8 ± 2.3 

Females = 22.4 ± 3.5

NR per group
Males = 80.7 ± 9.2 

Females = 65.7 ± 10.0

NR per group
Males = 181.9 ± 6.9 

Females = 166.5 ± 5.8

Torres-Banduc et al. 
(2020) (29) 

RTG = 8; PJG = 9; CG = 11
RTG: female = 5; male = 3 
PJG: female = 5; male = 4 
CG: female = 6; male = 5

RTG = 22.6 ± 2.9 
PJG = 22.2 ± 1.7 CG = 

23.6 ± 2.4
NR NR

Age, mass and height data are reported as mean ± standard deviation. BMI: body mass index; CG: control group; RTG: resistance training group; PJG: plyometric jump 
group; NR: non-reported; APJG: aquatic plyometric jump group.
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Table II. Summary characteristics of the protocols per study

Study Type of training Frequency Weeks Volume
RBS 

and/or exercises
RBR

Correa et al. 
(2012) (24)

TRT and PJT in separate groups 2 12 NR
TRT = 2 min 

PJT = NR
NR

Lovell et al. 
(2010) (25)

TRT 3 16 NR 2 min NR

Mulla et al. 
(2018) (27)

TRT 3 12 NR NR NR

Okamoto et al. 
(2009) (28)

TRT 2 10 NR 2 min NR

Ploeg et al. 
(2010) (26)

PJT 2 6
APJG1 and PJG 730 jumps; 

APJG2 1,460 jumps
NR NR

Torres-Banduc 
et al. (2020) (29)

TRT and PJT in separate groups 3 4 PJG 2,211 jumps
RTG

Sets rest 60 s/exercise rest 20S); PJG
120 s, for the repetitive jumps

TRG = NR; 
PJG = 5 s

TRT: traditional resistance training; PJT: plyometric jump training; APJG: aquatic plyometric jump group; RBS: rest between sets; RBR: rest between repetitions; 	  
RTG: resistance training group; PJG: plyometric jump group; NR: non-reported.

MUSCLE STRENGTH OUTCOMES

In the six studies that explored muscle strength outcomes 
(24-29), the pooled number of participants was 212 (67.5 % 
females) (Table I), with an age range varied from young to 
older adults. The median sample size per study was 29 (range 
20-55 participants) (Table I). The interventions lasted from 
four to 16 weeks. Training frequency was from two to three 
days per week. Traditional strength training was performed 
in five studies (24,25,27-29) (two of them included plyo-
metric training in separate groups), and one (26) performed 
plyometric training exclusively (Table II). In order to evaluate 
muscle strength, three studies used isometric strength tests 
(25,27,29), two used isotonic strength tests (24,28), and one 
used isokinetic test (26). 

MUSCLE POWER OUTCOMES

In the two studies that explored muscle power outcomes 
(26,29), the pooled number of participants was 67 (58  % 
females) (Table I). The mean sample size per study was 34 
(range 28-39 participants). The interventions lasted from four 
to six weeks. Training frequency was from two to three days 
per week. Plyometric training was performed in two studies 
(26,29) (one of them included traditional strength training in 
separate groups) (Table II). In order to evaluate muscle power, 
one study used an isokinetic test (26), and one used cinemat-
ic analysis with a mobile app to obtain it (29). Of note, this 
variable was only studied in young subjects (i.e., between 18 
to 25 years).

MUSCLE ACTIVITY OUTCOMES

One study explored muscle activity outcomes (24), the num-
ber of participants was 58 (100 % females), with an age of  
≥ 65 years (Table I). The intervention lasted 12 weeks. Train-
ing frequency was two days per week. Plyometric training 
and traditional strength training were done in separate 
groups (Table II). In order to evaluate muscle activity (e.g., 
maximum activity and latency), the study used surface elec-
tromyography. 

EFFECTS OF STRENGTH INTERVENTIONS  
ON MUSCLE OUTCOMES

Regarding muscle power, one of the studies that contrasted 
TRT and PJT of the same duration and frequency (29) found 
significant improvements (i.e., p < 0.05) in vertical jump and 
countermovement jump power after four weeks of PJT with 
a frequency of three times per week, and a total volume of  
2.211 jumps, the same significant effect found in the group 
to which TRT was applied (Table III). However, between both 
groups the improvement was similar, so there would be no 
differences between the benefits of applying one or another 
type of training in sedentary and/or physically inactive sub-
jects. In contrast, the second study that investigated muscle 
power (26) did not find significant differences in the isoki-
netic power of knee flexors and extensors in any of the PJT 
modalities (i.e., aquatic and firm surface) carried out for six 
weeks, twice a week, with a total volume between 730 to 
1.460 jumps. 
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In the case of muscular activity, the study that investigated it (24) 
found significant improvements (p < 0.05) in maximal muscle acti-
vation (+44 % average) and onset latency (-31 % average) for vas-
tus lateralis, vastus medialis, and rectus femoris (Table III), after six 
weeks of TRT with a frequency of two times per week. The same 
study, following six more weeks of different types of strength training 
protocols (i.e., TRT and PJT), found a significant (p < 0.05) increase 
in the onset latency, and reaction time only for the rectus femoris 
muscle, being these neuromuscular improvements in greater mag-
nitude for the PJT than 12 weeks of TRT alone. 

Finally, with regard to muscle strength, all the studies that im-
plement TRT (24,25,27-29) with program duration varying from 
four to 16 weeks and a frequency of two to three times per week, 
found significant (p < 0.05) improvement in this outcome (Table 
III), the same result found for a PJT of four to six weeks, with 
a weekly frequency of two to three days (24,29). However, one 
study that implemented PJT (26), after six weeks with a frequen-
cy of two times per week, did not find significant improvement 
in training. Improvement generated by both training modalities 

(i.e., PJT and TRT) has only been investigated in thigh mus- 
cles (i.e., flexors and extensors). Of note, only in PJT programs, 
the training volume was reported.

METHODOLOGICAL QUALITY 

The average score on the PEDro scale was as follows: four studies 
were classified as being of fair methodological quality (24-26,29) 
and two were considered of good methodological quality (27,28). 
Scores on all items of the checklist are reported in table IV. In general, 
enough statistical information to make results interpretable was the 
aspect most achieved (two of a maximum of two points). Regarding 
external validity (i.e., generalizability or applicability of the study) five 
studies obtained the point associated with this item except one (28). 
Internal validity was the least achieved aspect in all studies (i.e., four 
of a maximum of eight points), indicating a poor validity of the results 
since it is not possible to ensure that the studies are free of biases or 
systematic errors. Consequently, the results of the studies included 
in this review should be taken with caution.

Table III. Main findings of the included studies

Study
Outcome Conclusions or practical  

applicationsMuscle activity Power Strength

Correa et al. 
(2012) (24)

Post-6 weeks of generalized 
TRT:

Muscle activation ↑
Onset latency ↑

Post-6 more weeks of 
specific TRT or PJT:
Muscle activation ↑

Onset latency ↑ (only in PJT)

NR
Post-6 weeks of 
generalized TRT:
Knee extension ↑

PJT enhances neuromuscular parameters related 
to muscle force production, it decreases the time 
of muscle activation, and improves the functional 
capacity of elderly women in greater magnitude 
than TRT. The development of maximal dynamic 
strength, muscle thickness, or activation of the 
quadriceps muscles were similar between the 

specific types of strength training

Lovell et al. 
(2010) (25)

 NR NR

Post-16 weeks of TRT:
Leg strength ↑

4 weeks of detraining:
Leg strength ↓

16 weeks of strength training resulted in 
significant increases in maximum force and 

muscular strength. Strength training can be used 
to improve neuromuscular function in sedentary 
older men. However, after 4 weeks detraining, 

only some gains in neuromuscular function 
remained. Therefore, resistance exercise must be 
performed on a regular basis to maintain training 

adaptations

Mulla et al. 
(2018) (27)

NR NR
Post-12 weeks of TRT:
no significant changes

Strengthening exercises delivered within the 
workplace improved self-reported and physical 
capacity outcomes among desk based workers. 
Randomized control trials comparing different 
types of exercise exposures and sedentary on 
worker health and productivity are warranted

Okamoto et al. 
(2009) (28)

NR NR

Increases for each 
of the exercises were: 

26 % in leg press
17 % in squat

26 % in seated calf raise
29 % in leg extension 

21 % in leg curl 

No conclusion or practical applications related to 
findings on muscle strength

(Continues on next page)



208 M.   Torres-Banduc  et al.

[Nutr Hosp 2024;41(1):202-211]

Table III (cont). Main findings of the included studies

Study
Outcome Conclusions or practical  

applicationsMuscle activity Power Strength

Ploeg et al. 
(2010) (26)

NR Post-6 weeks 
of aquatic or 
traditional PJT; 
no significant 
changes

Post-6 weeks of aquatic 
or traditional PJT; 
no significant changes

No significant improvements over the course 
of the 6-week plyometric training program. The 
optimal duration of an aquatic plyometric program 
along with the progression of intensity should be 
investigated further

Torres-Banduc 
et al. (2020) 
(29)

NR Post-4 weeks of 
TRT or PJT; 
CMJ ↑, SJ ↑
 

Post-4 weeks of TRT or 
PJT; 
Knee extension strength ↑

Both TRT and PJT are equally effective in 
improving maximal strength and muscle power 
that are both sedentary and physically inactive. 
Considering the relatively low cost, easiness of 
implementation, and effectiveness of PJT, it may 
offer an alternative to TRT programs for sedentary 
and physically inactive participants

RTG: resistance training group; NR: non-reported; TRT: traditional resistance training; PJT: plyometric jump training; CMJ: countermovement jump; SJ: squat jump;  
↑: significant improvement; ↓: significant detriment.

Table IV. Results of the methodological quality assessment using PEDro score 

Study
External 
validity

Internal
validity

Enough 
statistical 

information Score (/10)

1 2 3 4 5 6 7 8 9 10 11

Correa et al. (2012) (24) Y Y N N N N N Y N Y Y 4/10

Lovell et al. (2010) (25) Y Y N Y N N N Y N Y Y 5/10

Mulla et al. (2018) (27) Y Y Y Y N N Y Y Y Y Y 8/10

Okamoto et al. (2009) (28) N Y N Y N N N Y Y Y Y 6/10

Ploeg et al. (2010) (26) Y Y N Y N N N Y N Y Y 5/10

Torres-Banduc et al. (2020) (29) Y Y N Y N N N Y N Y Y 5/10

Y: yes; N: no. Items considered for rating: 1) eligibility criteria were specified (this item is not used to calculate the PEDro score); 2) subjects were randomly allocated 
to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received); 3) allocation was concealed; 4) the groups were 
similar at baseline regarding the most important prognostic indicators; 5) there was blinding of all subjects; 6) there was blinding of all therapists who administered 
the therapy; 7) there was blinding of all assessors who measured at least one key outcome; 8) measures of at least one key outcome were obtained from more than 
85 % of the subjects initially allocated to groups; 9) all subjects for whom outcome measures were available received the treatment or control condition as allocated 
or, where this was not the case, data for at least one key outcome was analyzed by “intention to treat”; 10) the results of between-group statistical comparisons are 
reported for at least one key outcome; and 11) the study provides both point measures and measures of variability for at least one key outcome.

DISCUSSION

The aim of this review was: a) to establish the level of evi-
dence from studies assessing the effects of different lower limb 
strengthening protocols on muscle activity, strength, and power 
in sedentary and physically inactive subjects; and b) to deter-
mine the effectiveness of lower extremity strengthening proto-
cols on muscle activity, strength, and power in sedentary and/
or physically inactive subjects. The main findings of this review 
were: a) the articles included in this review have a “fair” or “good” 
methodological quality, mainly due to their low scores associated 
with the internal validity criteria, indicating poor validity of their 
results, since it is not possible to ensure that the studies are 

free of biases or systematic errors; and b) the protocols used to 
improve lower limb strength in sedentary and/or physically inac-
tive subjects are effective in improving the strength, power and 
muscular activity of some lower limb muscle groups. However, 
it was not possible to establish a measure of effectiveness due 
to the heterogeneity in the methods used to quantify force (i.e., 
isokinetic, isometric, RM) or power (i.e., kinematics, kinetics), and 
because of the lack of studies comparing changes in muscle 
activity. Considering the above, strength training in the lower limb 
seems to improve the levels of strength, power, and muscular ac-
tivity in sedentary subjects, though due to the limited number of 
articles, methodological variability, and training methods used, it 
is necessary to develop new studies that control these variables. 
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MUSCLE ACTIVITY

We found that PJT and TRT produced improvements in neu-
romuscular variables of thigh muscles (i.e., increased amplitude 
and reduced onset latency), and that these changes were more 
pronounced in subjects under PJT. Of note, only one study in-
cluded in this review explored this variable, in women over 65 
years of age who performed TRT prior to PJT. 

Similar to our findings, a recent review establishes that PJT 
may improve muscle activation in a healthy trained and untrained 
population (4), but offers conflicting results for methodological 
and inadequate PJT prescription. PJT may improve muscle ac-
tivity due to an increased neural drive to the agonist muscles 
(i.e., onset latency and amplitude) (30), which can explain why 
in the study by Correa et al. (24) the improvements were found 
in the onset and amplitude of the thigh extensor muscle (i.e., 
Knee agonist of the PJT implemented). It has been stablished 
that muscle activity (i.e., amplitude and timing) of leg muscles 
during gait commenced declining at age 60 (31). Therefore, the 
application of strength training protocols in lower limbs could 
help this population maintain functional independency (i.e., sit to 
stand and gait). However, considering the lack of studies and the 
limited external validity of the results, it is important to continue 
investigating the effects of PJT and other resistance training on 
muscle activity in sedentary and/or physically inactive subjects.

MUSCLE STRENGTH

We found that TRT and PJT can induce significant improvements 
in muscle strength, however, the volume (i.e., total jumps) seems to 
be important for the PJT since a total volume of 1,460 jumps was 
not capable of inducing strength improvement on lower limb mus-
cle as was established in the results of Ploeg et al. (26). Similar to 
our findings, contradictory information regarding the effects of PJT 
on lower limb strength in athletic and non-athletic population has 
been found (30). This contradictory information may be attributed 
to non-adherence to guidelines about the intensity and volume rec-
ommended when PJT is applied, an issue also established in other 
reviews investigating the effects of PJT programs (4,32).

Regarding TRT, findings similar to ours described that it is capa-
ble of improving lower limb strength (33) in a non-athletic popula-
tion. The strength of a muscle depends on neural, architectonics, 
and mechanical factors. These, in turn, depend on training fre-
quency and duration, and it has been established that TRT and PJT 
may improve muscle architecture (i.e., increase in cross-sectional 
area, and change stiffness in components of the muscle-tendon 
complex) and neural factors like rate coding and/or motor unit 
synchronization (5,30,34). Accordingly, in the studies included on 
this review the duration and frequency of training (i.e., four to 16 
weeks, two to three days per week) has already been shown to 
generate the aforementioned adaptations (5,32). Of note, the total 
volume was not reported in the studies conducting TRT, though 
this issue must be taken into account considering that overweight 
sedentary subjects improved strength and body composition only 
in programmed resistance training (19).

MUSCLE POWER

Despite the lack of data (i.e., only two studies examined this 
variable), we found evidence that TRT induces significant im-
provements on muscle power, and that evidence for PJT is con-
tradictory. The contradiction in the muscle power results during 
the PJT may be due to the difference in the weekly frequency 
and/or the 44 % of difference in the total volume between the 
two studies that examined the effect of PJT on muscle power 
(26,29). Indeed, recent reviews establish the relevance of train-
ing volume control in resistance programs (5,35) and specifically 
in PJT programs (32), because this may provoke distinct results 
in expected muscle outcomes. In fact, if the goal is to augment 
the muscle strength (basis of muscle power), augmentation of 
training volume is recommended (35). The total volume in body-
weight resistance exercise (i.e., PJT) is likely related to enhanced 
neural drive, improvements in the stretch reflex, increased re-
utilization of stored elastic energy, improved muscle activation 
strategies with greater motor-unit recruitment, and better inter 
and intra-muscular coordination (36,37), all of them factors that 
can explain the augmented lower limb muscle power. 

Of note in the studies that included both genders, male ver-
sus female analyses were not performed. This is relevant since 
it has been established that women are less active (38) and fall 
more often than men, and that there is a relationship between 
sedentary habits and decreased strength levels in the lower limb; 
consequently, it is relevant to compare the effects of strength 
training between sexes in a sedentary population. Another aspect 
not addressed in the studies included in this review is the effect 
of resistance programs in the intersegmental dominance or the 
preferential use of one limb, since differences in neuromuscular 
control and levels of muscle mass in the dominant limb have 
already been found in sedentary subjects (39). Moreover, high 
levels of asymmetry have been associated with a greater risk of 
injury (40) and alterations of functional patterns (41,42), there-
fore, it is relevant to investigate this aspect in sedentary sub-
jects. Future research of high methodological quality is needed 
to determine the effectiveness of lower extremity strengthening 
protocols, especially on muscle activity, and power in the afore-
mentioned population, distinguishing between gender, interseg-
mental dominance and age.

LIMITATIONS AND STRENGTHS

The strength of this review lies in the comprehensive search 
for studies conducted across the primary four databases asso-
ciated with training research, without imposing any date restric-
tions until 2021. This approach provided a broad perspective of 
the current information available. Nonetheless, a significant lim-
itation of our analysis of the effects of lower limb strengthening 
protocols on muscle activity was that it was based solely on one 
study involving a sample of 58 females. Furthermore, there was 
substantial heterogeneity in the analysis of muscle strength. Nev-
ertheless, it is noteworthy that all studies included in this review 
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demonstrated a preference for traditional resistance training. The 
variation in the effects of plyometric jump training may be at-
tributed to the differences in training volumes applied. Given the 
scarcity of research and the limited external validity of the results, 
some findings of this review should be interpreted with caution.

CONCLUSION

The findings of this systematic review indicate that the quality 
of studies assessing the effects of different lower limb strength-
ening protocols on muscle activity, strength, and power in seden-
tary and physically inactive subjects was fair to good. Moreover, 
the available information did not allow a measure of effectiveness 
and was of low internal validity. 
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