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Abstract: The aim of this study was to analyze the literature on muscle activation measured by
surface electromyography (SEMG) of the muscles recruited when performing the leg press exercise
and its variants. The Preferred Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were followed to report this review. The search was carried out using the PubMed, Scopus,
and Web of Science electronic databases. The articles selected met the following inclusion criteria:
(a) a cross-sectional or longitudinal study design; (b) neuromuscular activation assessed during the
leg press exercise, or its variants; (c) muscle activation data collected using SEMG; and (d) study
samples comprising healthy and trained participants. The main findings indicate that the leg press
exercise elicited the greatest sSEMG activity from the quadriceps muscle complex, which was shown
to be greater as the knee flexion angle increased. In conclusion, (1) the vastus lateralis and vastus
medialis elicited the greatest muscle activation during the leg press exercise, followed closely by
the rectus femoris; (2) the biceps femoris and the gastrocnemius medialis showed greater muscular
activity as the knee reached full extension, whereas the vastus lateralis and medialis, the rectus
femoris, and the tibialis anterior showed a decreasing muscular activity pattern as the knee reached
full extension; (3) evidence on the influence of kinematics modifications over sSEMG during leg press
variants is still not compelling as very few studies match their findings.

Keywords: electromyography; muscle activity; muscle activation; thigh muscles

1. Introduction

The benefits of strength training [1] are strongly associated with different components of physical
and mental health including reduced symptoms of depression, decreased lower back pain, and improved
vascular condition, movement control and bone density as well as enhanced self-esteem, among
others [2]. In addition, strength training can lead to significant differences in athletic performance by
promoting greater force production, postural strength, ability to respond to stretch shortening cycles,
and an increasing force development rate, which can result in faster muscle activation [3].

Although the selection of strength training exercises depends on the fitness goals (e.g., hypertrophy,
performance, or injury prevention, among others), muscle activation patterns need to be considered.
This is because greater muscle activation, and with it greater surface electromyographic (SEMG)
amplitude and a greater number of motor units recruited, is normally essential for motor control,
skills improvement, and strength and power development [4]. In humans, the force of a muscle
contraction is partly regulated by the number, frequency, and synchronization of the motor units
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recruited [5,6]. Low threshold motor units are mainly recruited in low intensity exercises, whereas both
low and high threshold motor units are recruited during high intensity exercises [6] or low intensity
exercises performed to task failure [7].

Consequently, surface electromyography, which consists of a very sensitive voltmeter that detects
increases and decreases in voltage on the sarcolemma, has become a common research tool in sports
sciences for measuring muscle activation [8]. Accordingly, sSEMG provides trainers and coaches
with valuable information on electrical activity in muscles, in a simple and non-invasive way [9].
For example, sEMG amplitude and power spectral analysis are frequently used to examine muscle
fatigue [10]. In this sense, an increase in the sSEMG amplitude and a reduction in the sEMG spectral
frequency manifest as the fatigue index increases [11,12].

Different studies have shown that muscle activation varies during multi-joint, lower-body strength
training exercises depending on the intensity [6,12] and the variants of the exercise itself [12]. The leg
press is performed using closed-chain kinetic effort [13] and the hip and knee extension involves large
lower-body muscle groups (the quadriceps, hamstring, gluteus, and gastrocnemius) [14]. The specific
training of these muscle groups is closely related to jumping, running, and athletic performance
in general [15]. Consequently, the leg press exercise is widely used for strengthening the lower
limbs [16-19].

Specifically, the leg press and its variants are some of the exercises studied in the scientific
literature [14,15,20-22]. Previous studies have found that the knee flexion angle had a significant effect
on muscle activation in the bilateral leg press [21,22]. For example, biceps femoris activation increases
towards full knee extension [21,22], whereas the activation levels of the rectus femoris and vastus
medialis decrease [22].

Additionally, certain variations in technique need to be considered when training using the leg
press and its variants. For instance, feet position on the footplate, regarding lower and higher feet
placement [14,15] or width stance [15] have been some studied variants of leg press. For example,
leg press with high feet placement on the footplate showed higher gluteus maximus activity compared
to low feet placement [14]. Conversely, low feet placement elicited greater rectus femoris activity
compared to high feet placement [14]. On the contrary, Escamilla et al. (2001) [15] reported no
significant differences on muscle activity between low and high feet placement.

With respect to feet rotation, the literature is also not compelling. In this regard, some authors
attributed a preferential activation of vastus medialis to the external feet rotation [15,23], whereas
others assessed the influence of knee external or internal resistance on vastus medialis during leg
press [20,24]. Finally, various authors have assessed the influence of exercise intensity on muscle
activity during the leg press exercises [6,12,25].

However, to the best of our knowledge, there is no comprehensive review of the literature on
muscle activity during leg press exercises. The gathering of the current evidence is required to clarify
which leg press exercise variant should be used to activate a specific targeted muscle.

The aim of this study, therefore, was to systematically review the current literature on muscle
activity, measured by sEMG, of muscles recruited when performing the leg press exercise and all
its best-known variants. It may provide athletes and coaches with a useful guide for lower limb
strengthening during leg press exercises and its variants regardless of the training goals.

2. Materials and Methods

Search Protocol

The Preferred Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA) [26] guidelines
were followed to report this systematic review. A prior registration process was also conducted by
the Cochrane Collaboration on the PROSPERO database. The quality of the studies was assessed by
two independent reviewers using the PEDro quality scale; this comprised eleven questions, three of
which were rejected due to their inability to blind trainees and researchers [27,28]. The protocol for
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this systematic review was registered on PROSPERO (CRD42020162417) and is available in full on the
National Institute for Health Research’s site.

The literature search was performed using the PubMed, Scopus, and Web of Science electronic
databases from December 2019 to January 2020, and included articles published from the databases’
inception up until December 2019.

The search strategy conducted on the different databases used the following related terms, Medical
Subject Heading (MeSH) descriptors, and keywords: (a) PubMed: (“seated leg press” OR “leg press
machine” OR “leg press” OR “angled leg press”) AND (“resistance training” OR “strength training”
OR “resistance exercise” OR “weight lifting” OR “weight bearing”) AND (electromyography OR EMG
OR “muscle activation” OR “muscle activity” OR “sEMG amplitude” OR “neuromuscular activation”
OR “muscle excitation” OR “muscular activity”); (b) Scopus: (TITLE(“seated leg press” OR “leg press
machine” OR “leg press” OR “angled leg press”) AND (“resistance training” OR “strength training”
OR “resistance exercise” OR “weight lifting” OR “weight bearing”) AND (“electromyography” OR
“EMG” OR “muscle activation” OR “muscle activity” OR “sEMG amplitude” OR “neuromuscular
activation” OR “muscle excitation” OR “muscular activity”)); (c) Web of Science: ALL = ((“seated leg
press”* OR “leg press machine”* OR “leg press”* OR “angled leg press”*) AND (“resistance training”*
OR “strength training”* OR “resistance exercise”* OR “weight lifting”* OR “weight bearing”*) AND
(electromyography* OR EMG* OR “muscle activation”* OR “muscle activity”* OR “sEMG amplitude”*
OR “neuromuscular activation”* OR “muscle excitation”* OR “muscular activity”*)).

Each article included had to meet all the following inclusion criteria:

(1) across-sectional or longitudinal study design;

(2) neuromuscular activation assessed during the leg press exercise or its variants;

(3) EMG data collected using surface electromyography devices;

(4) study samples including healthy and trained participants older than eighteen years of age (with a
minimum of six months resistance training experience).

Resistance training experience and familiarization with exercises may substantially alter the SEMG
elicited during an exercise; for this reason, we only included studies with trained participants [2,29-31].
Studies that assessed upper-limb muscle activation and studies comparing the leg press exercise to
any other lower-limb strengthening exercises were also considered. Although there were no language
restrictions, all the studies selected were written in English. Publications such as abstracts, theses,
books, book chapters, congress reviews, and articles that were not of minimum quality (according to
the protocol description using the PEDro quality scale) were not considered.

Terminology such as “muscular activity”, “muscle excitation”, “neuromuscular activation” or
“sEMG amplitude” have been used in the literature referring to electrical muscle activity. Due to the
heterogeneity of terms used to describe the same concept, “muscle activation” is used for the current
manuscript report.

Two independent reviewers selected the final articles to be included in the review in accordance
with the inclusion and exclusion criteria. The first step consisted of filtering out duplicates. Next,
the titles and abstracts were assessed, which led to a full text reading where necessary. In the case of
disagreement between the two reviewers, a third reviewer was consulted. The search process lasted
approximately three weeks. The identified articles were downloaded into the EndNote version X9
(Clarivate Analytics, New York, NY, USA) software for the subsequent data extraction process. All the
steps followed are fully described in the flow chart (Figure 1).
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Figure 1. Flowchart.

The information extracted from the selected articles included the reference, the exercise movements
measured, the sample size (n), the gender, the age (years), the experience (years), the muscles evaluated,
the location of the electrodes, the limb tested (non-dominant/dominant), the sEMG collection method,
the sSEMG normalization method, the outcomes, and the main findings.

Finally, the selected studies reported muscle activation for every single exercise and muscle group
separately. Thus, sSEMG activity was the main data gathered and sEMG data on concentric and eccentric
phases were collected where available.

It was not possible to perform a meta-analysis of the results because there was insufficient
homogeneity of the methodological strategy and the type of analysis carried out in each study. For this
reason, a qualitative results analysis was conducted for this review.

3. Results

3.1. Search Results

A total of 217 studies were identified from the initial database search. Ninety-four of them were
immediately removed because they were duplicates, leading to a total of 123 records for the title and
the abstract screening process. Twenty-seven studies were selected for full text reading; only twelve of
these met the inclusion criteria and were eventually included in the review (Figure 1). Five studies were
rejected directly because the samples included inexperienced participants. All the study participants
reported a minimum of six months resistance training experience; this is because the experience time
and exercise familiarization variable may significantly affect the muscle activation elicited during an
exercise, hence the importance of having a homogeneous and experienced sample [30-34].

All the selected studies presented a cross-sectional study design with a randomized exercise testing
order. Information regarding the studies’ general description are presented in Table 1. The selected
studies were published between 2001 and December 2019. In addition, the final studies were categorized
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as being of good/excellent quality regarding the methodological and data reporting process, according
to the PEDro quality scale.

The range of motion performed during the leg press exercises ranged from 120° to 0° knee flexion,
with 0° being understood as a full knee extension, except for one study which interpreted 180° as the
full knee extension [33]. The intensity performed during the exercises was diverse. In fact, some studies
assessed a number of repetitions ranging between 30% and 90% of 1RM [6,12,14,16], some measured a
number of maximum repetitions (xRM) [1,15,20], and others assessed the number of repetitions as x% of
body weight (BW) [24,35]. In contrast, Hahn (2011) [22] performed the exercises at isometric positions.

No unified criteria were found regarding the sEMG normalization method. Although
most studies used the % maximal voluntary isometric contraction (%MVIC) normalization
method [1,12,15,20,22,24,33-35], other methods were used such as the % root mean square (%RMS)
normalization method [14,20] and the average mean rectified voltage (MRV) [21], thus making it
difficult to deliver consistent outcomes.

Table 1. General data regarding the exercises tested, the sample size, the participants’ gender and age,
the training experience time, the surface electromyography (SEMG) collection method, the outcomes,
and the main findings of the selected articles.

. sEMG sEMG Activity
Experience
References Exercises Tested Sample Age (Years) (Years) Collection Recorded of Main Findings
ears Method Muscles
Squat versus leg press
with different feet Biceps femoris
positions and stances semife o dinosus/ Foot abduction position
Escamilla et al. © o forefoot abducn’on, 10 men 101 +7.7 Squat, 4 reps vastus medialis, did n?t af.festt thlg}.‘
- 30° forefoot abduction . 29.6 +6.5 9.0+83Leg . muscles” activity during
(2001) [15] during wide and Lifters ross 12RM vastus lateralis, squat and leg press
narrowgstances Le P rectus femoris, a exercisf:’sp
press high and lo'w ffet and gastrocnemius '
position)
Unilateral leg press
versus step-up, Women Vastus medialis activity
Bolgla et al. step-down, straightleg 8 women 222+209, Trained, not 3 reps 33% Vastus medialis was greater during
(2008) [35] raise, squat, singleleg ~ and 7 men men specified BW unilateral leg press than
stance at 30° and full 245+3.2 the rest of the exercises.
knee extension
LPL and LP45 elicited
greater rectus femoris
and gastrocnemius
Leg press with low foot Gluteus maximus,  activity at 40% and 80%
. placement (LPL), high 5 reps biceps femoris, 1IRM.
Da Silva et al. X .
2008) [14] foot placement (LPH), 14 women 215+ 1.6 >6 months 40%-80% vastus lateralis, LPL elicited greater
and inclined to 45° 1RM rectus femoris, rectus femoris and
(LP45) and gastrocnemius  vastus lateralis activity.
LPH elicited greater
gluteus maximus
activity.
Vastus medialis and
Vastus medialis vastus lateralis activity
Gorostiaga et Leg Dress 13 men 445 Trained, not 5-10repsat  vastus lateralis, Ci\e;ictrlﬁiiet(eiririgire;isclzelsy
al. (2011) [21] &P specified ~83% 1RM and biceps enston. bicep
femoris femoris activity was
higher as extension
increased.
Vastus medialis and
rectus femoris activity
confra'ctions vastus medialis, maximus énd biceps
Hahn (2011) Leg press at 8 distinct Trained, not per knee rectus femo_rls, femoris activity
o 18 men 30+6.3 Py gastrocnemius . X
[22] knee angles (30-100°) specified angle. medialis increased with knee
Mol s e Tl
. anterior . oIty
contraction increased with knee

flexion, peaking at
90-100° knee flexion.
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Table 1. Cont.
Experience sEMG SEMG Activity
References Exercises Tested Sample Age (Years) P Collection Recorded of Main Findings
(Years)
Method Muscles
Vastus medialis and
vastus lateralis activity
decreased progressively
. with extension. Biceps
1 single I . ..
. . emoris activity
Leg pressat2s rep per Biceps femoris, .
. . . remained low and
Walker et al. concentric phase and Trained, not each vastus medialis, 3 o o
. . 9 men 29 +4.1 o . . consistent from 40°-120
(2011) [33] leg press with explosive specified technique. vastus lateralis, .
- o o o g knee flexion. No
concentric phase 40%-60%-80%and rectus femoris Lo )
significant differences
1IRM
were observed, for any
muscle, at any loading
intensity, during
explosive contractions.
Leg press versus leg
press w,lth 'submaxm.ml 3 reps per Vastus medialis, Greater hip adductor
isometric hip adduction . ; . . .
Peng et al. force (LP+), and le 10 men 210414 Trained, not exercise. vastus lateralis, longus activity during
(2013) [24] L g T specified 53 kg + and hip adductor ~ LP++ for concentric and
press with vigorous 5 .
: R 80% BW longus eccentric phase.
isometric hip adduct
force (LP++)
Greater overall muscle
o . . A . .
Leg press at 75% 1RM ) 30% 1I§M Biceps femf)rlg, activation during high
Schoenfeld et N o Resistance to 75% vastus medialis, load set. Greater vastus
(high load) versus 30% 10 men 21.3+15 . . -
al. (2014) [12] trained >1 year 1RM sets vastus lateralis, medialis and vastus
1RM (low load) R 8 . .
to failure  and rectus femoris lateralis activity than
biceps femoris.
Vastus lateralis elicited
greater activity than
rectus femoris,
Gonzalez etal. Leg press to failure 70% 70%-90% Vastus medialis, and rectus femoris
) &P o ? 10 men 228+27 4.6 + 1.8 years 1RM reps vastus lateralis, elicited greater activity
(2017) [6] 1RM and 90% 1RM ; . o
to failure  and rectus femoris than vastus medialis.
Greater overall muscle
activation during 90%
1IRM.
Greater vastus medialis
Leg press inclined 45° activity during LP45
(LP45), LP45 with Biceps femoris, with physio ball between
Machado et al. physio ball between 13 women 25429 Trained, not 10 reps vastus medialis, knees.
(2017) [20] knees, and LP45 with : ) specified 70% 10RM vastus lateralis, Leg press with elastic
elastic band around and rectus femoris band around knees
knees increased rectus femoris
activity.
Flywheel leg press, Flywheel technology
knee extension and
isokinetic 1 isokineticdynamometry
Alkner and . Vastus medialis, . . /
- dynamometry, barbell Trained, not 8 reps X induced higher eccentric
Bring (2019) . 8 men 28 +6 s vastus lateralis, L
front squat, weight specified 10RM g muscle activation
[1] and rectus femoris L
stack leg press, compared to traditional
and weight stack knee devices like barbells or
extension weight stack devices.
Lower trunk muscle
Saeterbakken Lee press, Smith 19 3reps Rectus abdominis, activation during leg
etal. (2019) & press, 241+45 45+20 P oblique external, press. Smith machine
) machine and squat women 1RM . - ..
[34] and erector spinae  and squat elicited similar

muscle activation.

Exercise abbreviations: LPH, high feet leg press; LPL, low feet leg press; LP45, 45° inclined leg press; LP+, leg press
with isometric hip adduction; LP++, leg press with vigorous isometric hip adduction. Other abbreviations: BW,
body weight; MVIC, maximal voluntary isometric contraction; reps, repetitions; RM, repetition maximum.

3.2. Muscles Assessed During Leg Press Exercises and Variants

In terms of sSEMG activity, the vastus lateralis and the vastus medialis of the quadriceps are the
muscles that have most been investigated during the leg press exercise and its variants (10/12 studies).
The rectus femoris is the second most investigated muscle (8/12 studies), followed closely by the
biceps femoris (7/12 studies). The muscles least investigated during leg press exercises include the
gastrocnemius medialis (3/12 studies), and the gluteus maximus and the semitendinosus (1/12 studies
each). Furthermore, only three studies reported muscle activation in the concentric and eccentric phase
separately, and all of these identified greater muscle activation during the concentric phase of the

exercise [1,20,21].
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Due to the heterogeneity of the sSEMG normalization methods, it was considered appropriate to
report the results by grouping the studies into three categories: studies assessing muscle activation
during the leg press exercise (Table 2), studies assessing muscle activation during other leg press
variants (Table 3), and studies comparing the leg press with other exercises.

Table 2. Data on sEMG activity for studies assessing the leg press.

References Exercise Biceps Vastus Vastus Rectus Gastrocnemius Tibialis
Femoris Medialis Lateralis Femoris Medialis Anterior
Lew press 100° ~35% MVIC ~83% MVIC n/a ~75% MVIC ~22% MVIC ~70% MVIC
&P mean mean mean mean mean
Leg press 90° ~40% MVIC ~80% MVIC n/a ~73% MVIC ~26% MVIC ~77% MVIC
&P mean mean mean mean mean
Leo press 80° ~32% MVIC ~70% MVIC n/a ~74% MVIC ~30% MVIC ~43% MVIC
&P mean mean mean mean mean
Hahn (2011) [22]  Leg press 70° ~32% MVIC ~75% MVIC n/a ~76% MVIC ~40% MVIC ~22% MVIC
mean mean mean mean mean
Leo press 60° ~55% MVIC ~77% MVIC n/a ~77% MVIC ~53% MVIC ~19% MVIC
&P mean mean mean mean mean
Leo press 50° ~78% MVIC ~69% MVIC n/a ~60% MVIC ~69% MVIC ~18% MVIC
&P mean mean mean mean mean
Leo press 40° ~85% MVIC ~64% MVIC n/a ~41% MVIC ~77% MVIC ~19% MVIC
&P mean mean mean mean mean
Leo press 30° ~83% MVIC ~50% MVIC n/a ~23% MVIC ~89% MVIC ~17% MVIC
&P mean mean mean mean mean
Leg press 40% ~19% MVI ~55% MVIC
TRM 100-80° mean n/a n/a mean n/a n/a
Leg press 40% ~19% MVIC ~31% MVIC
11%1\17{ 80-60° ’ rr(:ean n/a n/a n:ean n/a n/a
Leg press 40% ~22% MVIC ~18% MVIC
11%1\5)1 60-40° ’ n:ean n/a n/a n:ean n/a n/a
Leg press 40% ~25% MVIC ~9% MVIC
11%1\5)1 40-20° ’ n:ean nja nja n(f)\ean n/a nja
Leg press 40% ~37% MVIC ~6% MVIC
1RM 20-0° mean n/a nja mean n/a n/a
~120%
Leg press 60% ~127% MVIC
1 Rgl\/ll) 100-80° n/a mean MVIC n/a n/a n/a
mean
~105%
L 60% ~115% MVIC
Gt w TITMVE Gwc o s
mean
~100%
Leg press 60% ~98% MVIC
Walker et al. 1RM 60-40° n/a mean l\rﬁ\e/alg n/a n/a n/a
(2011) [33] 30%
L 60% ~75% MVIC o
1e I%l\l/)[r:(s)iZO" ° n/a niean MVIC n/a n/a n/a
mean
~45%
L 60% ~69% MVIC
i%{MprzS;—W ° n/a n:ean MVIC n/a n/a n/a
mean
~148%
Leg press 80% ~150% MVIC
1 Rng 100-80° n/a mean MVIC n/a n/a n/a
mean
~120%
L 80% ~125% MVIC
G W EEME Gwc o o
mean
~120%
Leg press 80% ~110% MVIC
1I§I\I/)[ 60-40° n/a mean MVIC n/a n/a n/a
mean
QRO
Leg press 80% “00%MvIC 8%
1RM 40-20° n/a mean MVIC n/a n/a n/a
mean
~65%
0, 90
Li%{MprZS;_z? to n/a 9011/;’61;/LVIC MVIC n/a n/a n/a
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Table 2. Cont.

References Exercise Biceps Vastus Vastus Rectus Gastrocnemius Tibialis
Femoris Medialis Lateralis Femoris Medialis Anterior
~55%
Leg press ~50% MVIC
9%})750 n/a mean MVIC n/a n/a n/a
mean
~40%
~ 0,
L%—};I;ss n/a 37n/;)ela\1/lrylc MVIC n/a n/a n/a
mean
Leg press na ~33% MVIC h}zl/c a na a
Peng et al. 60-45° mean mean
(2013) [24] 299
0, ~. o
LZ?_%I;SS n/a ~23n{(:eI;/LVIC MVIC n/a n/a n/a
mean
Leg press ~19% MVIC ~23%
30-15° n/a mean MVIC n/a n/a n/a
mean
o ~21%
Lelg,si)ésss n/a ~15rﬁel;/i1VIC MVIC n/a n/a n/a
mean
~70%
0, 199 749
Leg };;e;; 30% 19 /oe 1;/1[(VIC 74 /oe I;/II(VIC MVIC n/a n/a n/a
Schoenfeld et al. P P peak
(2014 [12] Leg press 75%  ~72% MVIC ~210% MVIC ~195%
MVIC n/a n/a n/a
1RM peak peak
peak
~75%
0, ~60 ~599
Leg }Ill:e;: 70% n/a 60 n{zl)eI;/LVIC MVIC 59 I:TEI;/;VIC n/a n/a
Gonzalez et al. mean
(2017) [6] Leg press 90% / ~65% MVIC I\N/IZ?Ié ~68% MVIC / n/
1RM na mean mean mean na a

Abbreviations: MVIC, maximal voluntary isometric contraction; RM, repetition maximum; n/a, not available.

Table 3. Data on sEMG activity in studies comparing the leg press with some of its variants.

Referen. Exerci Medial Lateral Biceps Vastus Vastus Rectus  Gastrocnemius  Gluteus A dll;hpt .
eterences ereise Hamstrings Hamstrings  Femoris Medialis Lateralis Femoris Medialis Maximus Lonl;rcu:
Leg press high o 179 a7 ~39% 140,
o o 15% MVIC ~ ~13% MVIC va va 47%MVIC oo 14% MVIC a a
peak peak peak peak
stance peak
~33%
Leg press high ~20% MVIC  ~16% MVIC ~50% MVIC ~15% MVIC
. feet wide stance peak peak nfa n/a peak MVIC peak n/a n/a
Escamilla et al. peak
@OOD[IS] - Legpresslow _yy0 \ryie 129, MyIC 8% MVIC 3% pag MvIC
feet narrow n/a n/a MVIC n/a n/a
peak peak peak peak
stance peak
~37%
Leg press low ~15% MVIC ~ ~12% MVIC ~50% MVIC ~22% MVIC
feet wide stance peak peak n/a n/a peak h;:alkc peak n/a n/a
Bolgla et al. Unilateral leg 41% +19%
(2008) [35] press n/a n/a na MVIC mean na na na na n/a
Leg press low ~42% o ~38% oo ~40%
feet 40% 1RM nfa n/a RMS n/a ~50%RMS  pig 26% RMS RMS n/a
Leg press high ~44% 50 ~27% _ago, ~37%
feot 40% 1RM n/a n/a RMS n/a 50% RMS RMS 38% RMS RMS n/a
Leg press
- > 1o ~46% o ~48% 00, ~39%
Da Silva et al. mclmid 45° 40% n/a n/a RMS n/a 52% RMS RMS 40% RMS RMS n/a
(2008) [14] Leg press low ~96% ~96% ~81%
feet 80% 1RM nfa nfa RMS n/a ~95%RMS  pig ~77% RMS RMS n/a
Leg press high ~85% _a10 ~63% 00 ~115%
fect 80% 1RM n/a n/a RMS nj/a 81% RMS RMS 40% RMS RMS n/a
Leg press
- 5 9N ~81% o ~87% a0, ~100%
inclined 45° 80% n/a n/a RMS n/a 87% RMS RMS 74% RMS RMS n/a

1IRM
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Table 3. Cont.

References Exercise Medial Lateral Biceps Vastus Vastus Rectus  Gastrocnemius  Gluteus A dI;llxlztor
Hamstrings Hamstrings  Femoris Medialis Lateralis Femoris Medialis Maximus Longus
2553% =  3128%+ 7f29/2/i
Leg press n/a n/a n/a 8.43% MVIC 11.83% n/a n/a n/a g
MVIC
mean MVIC mean
mean
(I;f)rl‘g)e[tzil]' 26.53% + 32.36% + 116'1525ﬁj *
Leg press+ n/a n/a n/a 10.06% 12.97% n/a n/a n/a MVICO
MVIC mean  MVIC mean
mean
26.77% % 33.84% + 2%‘8538@ *
Leg press++ n/a n/a n/a 10.21% 14.91% n/a n/a n/a N-IVI((;
MVIC mean ~ MVIC mean
mean
Leg press ~17% o 09 ~42%
inclined 45° n/a n/a RMS 80% RMS 70% RMS RMS n/a n/a n/a
Leg press 45° ~18% ~39%
Machado et al. with physio ball n/a n/a RMS ~100% RMS ~98% RMS RMS n/a n/a n/a
2017) [20] between knees
Leg press
inclined 45° ~19% —63Y%
with elastic n/a n/a RMS ~43% RMS ~76% RMS RMS n/a n/a n/a

band around
knees

Abbreviations: +, leg press with isometric hip adduction; ++, leg press with vigorous isometric hip adduction; MVIC,
maximal voluntary isometric contraction; RM, repetition maximum; RMS, root mean square; n/a, not available.

3.3. Leg Press Exercises

During the leg press, the horizontal movement ranges from a starting position of approximately
90° knee flexion to a final position with the knees totally extended (close to 0° knee flexion), performed
while maintaining a slightly reclined seating position [22].

The quadriceps muscles, both the vastus medialis and the vastus lateralis, elicited the greatest
muscle activation during the leg press, followed closely by the rectus femoris (Table 2). In addition,
greater overall muscle activation was found for all the muscles as the leg press exercise intensity
increased [6,12,33].

Regardless of the intensity applied during each of the five studies, the muscle activation pattern
during the leg press exercise seemed to be similar for all of them (Table 2). The biceps femoris and
the gastrocnemius medialis tended to show greater muscle activation as the knee extended to its
full position [12,22,33]. On the other hand, different outcomes were found for the vastus lateralis,
the vastus medialis, the rectus femoris of the quadriceps, and the tibialis anterior, showing a decrease
in the muscle activation pattern as the knee reached its full extension [22,24,33].

Therefore, peak SEMG activity was found at approximately 90° knee flexion for the vastus lateralis,
the vastus medialis, and the rectus femoris of the quadriceps, as well as for the tibialis anterior [22,24,33].
Furthermore, the biceps femoris and the gastrocnemius medialis presented their peak SEMG activity at
an angle of 30° knee flexion [22,33]. Additionally, certain authors reported SEMG activity during single
complete repetitions, without dividing the sEMG activity by the specific knee flexion angle [6,12].

3.4. Leg Press Variants

In addition to the leg press exercise itself, we found studies assessing several leg press
variants. Some of them are the inclined leg press (45°) [1,14,20]; the leg press with extra hip
adduction/abduction [20]; and the leg press with different feet height on the footplate (i.e., high
and low), feet stances (i.e., narrow or wide), [15] and feet rotations on the footplate (0°-30° external
rotation) [15]. The unilateral leg press [35] is, to the best of our knowledge, a leg press variant that has
hardly been investigated (Table 1).

For instance, Escamilla et al. (2001) [15] assessed the leg press exercise using different feet stance
positions, where leg press variants combining high and low, wide and narrow feet stances, and 0°or
30° feet external rotation were evaluated. The sEMG activity showed no significant differences among
the different feet stances [15]. In line with these results, Da Silva et al. (2008) [14] also reported no
differences using either high or low feet positions during the leg press. However, as exercise intensity
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increased to 80% 1RM, the gluteus maximus activity was greater when using the high feet position
during the leg press [14].

An inclined leg press with an inclination angle of 45° (LP45) presented the greatest SEMG activity
for the gluteus maximus [14] and for the vastus medialis of the quadriceps [20] in comparison to rectus
femoris and biceps femoris [14,20].

When the leg press exercise was performed with extra hip adduction resistance (pressing a
ball between the knees), greater hip adductor longus activity was reported [24]. There was also
slightly greater vastus medialis activity reported during the leg press exercise with extra hip adduction
resistance compared to the standard leg press [20]. Otherwise, leg press with hip abduction (elastic
band around knees) significantly reduced the sEMG elicited by vastus medialis of the quadriceps in
comparison to the standard leg press [20].

Finally, greater vastus medialis activity was found during the unilateral leg press exercise than
during other unilateral weight-bearing exercises, such as the step-up, step-down, or straight leg
raise [35].

4. Discussion

The main aim of the present study was to systematically review the current literature on muscle
activation, measured with sSEMG, of the muscles recruited when performing the leg press exercise and
all its most known variants.

The relevant outcomes gathered from the literature revealed that the vastus
medialis [1,6,12,15,20-22,24,33,35] and the vastus lateralis of the quadriceps [1,6,11-15,27] were the
most studied muscles when performing the leg press exercise and its common variants, followed closely
by the rectus femoris of the quadriceps muscles [1,6,12,14,15,20,22,33]. After this, the musculature
activated most during leg press exercises were the muscles of the quadriceps complex, mainly the
vastus medialis and the vastus lateralis. Indeed, this is the case for almost all the leg press variants
studied [12,22,33].

Only three of the thirteen studies analyzed the sSEMG data separately for each phase, reporting
that concentric sSEMG activity was greater than eccentric phase sSEMG activity [1,20,21]. In the current
literature, it has been widely stated that SEMG activity could significantly differ between the concentric
and eccentric phase [36-38]. Thus, future studies using sSEMG should seriously consider performing
such subdivisions in their research.

4.1. Methodological Gaps Between the Studies

Diversity among the sEMG normalization methods was one of the most difficult issues to deal with
in this review. Five different normalization methods were found among the selected studies (%MVIC,
%RMS, MRV, RMS, and microvolts-uV), making it difficult to deliver consistent outcomes. Furthermore,
the intensity at which exercises were performed was likewise diverse. Muscular activation is directly
dependent on intensity, so wide differences in SEMG values could be seen when performing the same
exercise but at different relative intensities [6,11,13,27]. Therefore, the intensity normalization method
should be standardized when comparing several exercises from among the studies in order to achieve
conclusive outcomes. For instance, apparently a ~70% 1RM intensity normalized as %MVIC might
be set as an appropriate intensity for the strength training electromyographic studies [6,12,14,33,34].
Besides the disparities regarding the intensity and the sSEMG normalization methods used in the studies
included in the review, some other differences were found regarding the methodological process.

Even though the well-known Surface ElectroMyoGraphy for the Non-Invasive Assessment of
Muscles (SENIAM) guidelines were followed in many studies [11,15,16,27], the criteria for electrode
placement were varied. While certain studies did not even report any of the statements or guidelines
followed [1,6,35], others followed the Cram guidelines [20,24], and some followed previously reported
recommendations [14,15]. Nevertheless, surface electromyography data were collected during the
same session for every study included in the review with the aim of avoiding electrode placement bias.
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The sample sizes ranged between eight and eighteen subjects. Only three studies had a female
sample [14,20,34], and just one evaluated a mixed sample [35]. More studies that include women are
needed given the notable anthropometric and biomechanical differences between the sexes; muscle
activation differences could also be found [39-41].

Finally, the inability of blinding trainees and researchers during measurements could be taken as
a limitation for the data processing. However, this is an issue that is expected to have been controlled
within every single study included into the review [27,28].

4.2. Leg Press Exercises

Studies gathered assessing SEMG during leg press agreed on the greatest SEMG activity elicited
by vastus medialis and vastus lateralis in comparison to the rest of the muscles [6,12,33]. Although
exercise intensity was in some studies slightly different, a greater overall SEMG muscle activity was
observed for higher intensities compared to lower intensities [6,12,22,24,33]. As mentioned above,
it is always advisable to consider exercise intensity during sEMG studies. Our findings provided
useful information regarding sEMG muscle pattern during the leg press and peak sEMG activity of
the muscles. Regardless of exercise intensity, vastus medialis, vastus lateralis, rectus femoris of the
quadriceps, and tibialis anterior showed a decreased muscle activity as the knee extended to its full
extension. Moreover, those muscles apparently showed their peak activity at an angle of 90° of the
knee [22,24,33], whereas biceps femoris and gastrocnemius medialis increased their muscle activity
as the knee extended, showing their peak muscle activity at an angle of 30° knee flexion [12,22,33].
This should be taken as key information in order to choose not only the best exercise for the individual
case, but also the best range of motion when the aim is to target a specific muscle. For example,
this knowledge is indispensable for injury prevention or return to play training programs, where
ranges of motion are sometimes reduced or muscle activity must be controlled to ensure an appropriate
recovery [41,42].

4.3. Leg Press Variants

Escamilla et al. (2001) [15] compared several leg press variants, and combined height feet
placement (low and high), feet stance (wide and narrow), and feet abduction (0°-30°), concluding
that the feet position did not affect thigh muscle activation in any of the tested variants. Thus, they
recommended an individual self-selected comfortable feet position during the leg press exercise [15].
However, the intensity performed during sSEMG data collection was very low (4 repetitions at 12RM
intensity), which might have underestimated the findings [15]. More research should be conducted
analyzing higher exercise intensities during the measurements.

On the other hand, some outcomes suggested that the muscle activation in the leg press with low
foot placement (LPL) differed slightly from the muscle activation in the 45° inclined leg press. In this
sense, the leg press with high foot placement (LPH) elicited greater gluteus maximus [14] and greater
hamstring muscle activity [15] compared to the 45° inclined leg press exercise. Even though posterior
thigh muscle activation is not the focus when performing leg press exercises, LPH could be performed,
for instance, when one needs to decrease the intensity of the anterior thigh muscle activity during leg
press exercise (e.g., for injury prevention) [35].

Furthermore, the leg press with extra hip adduction load (LP+/LP++) was found to be an
interesting alternative when the target was to significantly increase medial thigh muscle activity,
specifically hip adductor longus activation, by adding a ball between the knees to press [24]. Executing
the leg press inclined at 45° with a physio ball between the knees (LP45BALL) also means increasing
medial thigh muscle activity, in this case vastus medialis activation, compared to the standard leg
press exercise [20]. Similarly, the unilateral leg press exercise showed great vastus medialis muscle
activation. Although the unilateral leg press offers an interesting alternative to the standard leg press
when the aim is to provide a functional perspective for the training program with transfer into daily
activities (e.g., walking or climbing stairs) [35], one should consider the differences in absolute intensity
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that this unilateral exercise permits [35]. Overall, given that the literature on this topic remains scarce,
outcomes need to be interpreted with caution.

4.4. Comparison of the Leg Press with Other Exercises

Although our aim did not cover exercises different from leg press and its variants, it would be
interesting to outline some outcomes found within the studies included which compared leg press
exercises and its variants to other exercises.

Bolgla et al. (2008) [35] concluded that the unilateral leg press elicited greater muscle activation
for the vastus medialis of the quadriceps compared to other weight-bearing exercises such as the
step-up, step-down, straight leg raise, air squat, or single leg stance. Consequently, the unilateral leg
press could be the exercise of choice when targeting the vastus medialis during unilateral exercises.

In general terms, muscular activity increases as stability decreases. For instance, weight stack
devices (e.g., the leg press machine) tend to facilitate exercise performance, which reduces the possibility
of some synergist muscles taking part in the exercise [1,14]. Therefore, each exercise variant should
be chosen based on the training goal. For example, different studies exposed leg press exercise as an
optimal alternative within acute phases of rehabilitation and the return to play context in comparison
to free weights, due to the movement stability [2,42,43].

We also found a study comparing the barbell front squat to several devices such as the flywheel
leg press, the isokinetic knee extension dynamometer, the weight stack leg press, and the weight stack
leg extension machine. The results showed that training using flywheel technology and isokinetic
dynamometry provokes higher muscle activation (mainly during the eccentric phase of the movement)
than traditional devices such as weight stack devices (the leg press) or barbells [1].

5. Conclusions

After performing the current systematic review, the following conclusions were reached:

(1) The vastus lateralis and vastus medialis of the quadriceps are the most investigated muscles in
the leg press exercise and its variants (10/12 studies). The rectus femoris is the next most studied
muscle (8/12 studies), followed closely by the biceps femoris (7/12 studies).

(2) The vastus medialis and vastus lateralis elicited the greatest muscle activation during the leg
press exercise, followed closely by the rectus femoris.

(3) The biceps femoris and gastrocnemius medialis tended to show greater muscular activity as the
knee extended to full extension, whereas the vastus lateralis, vastus medialis, rectus femoris of
the quadriceps, and tibialis anterior showed a decrease in the muscular activity pattern as the
knee reached its full extension.

(4) Greater muscle activation during the concentric phase of the exercise was found when these phases
were electromyographically identified. This subdivision should be considered in future research.

(5) The participants’ training status and resistance training experience must be reported in detail.

(6) The sEMG normalization method, the intensity during data collection, the electrode placement,
and the sample size and gender should all be standardized to obtain conclusive outcomes.

(7) It still remains unclear whether kinematics modifications such as knee external or internal
resistance added, different feet stances, feet height, or feet rotations on the footplate may modify
the sSEMG elicited. More research is needed to investigate the different feet stances during the leg
press exercise and its variants.

6. Practical Applications

The leg press is a well-known exercise performed in the fitness environment, used mainly to
strengthen the lower limbs. It involves large lower-body muscle groups (the quadriceps, hamstring,
gluteus, and gastrocnemius) and, as a closed-chain kinetic movement, it is closely related to jumping,
running, and athletic performance in general.
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Regardless of the leg press performed, the quadriceps muscles elicited the greatest muscle
activation, principally the vastus medialis and vastus lateralis, followed closely by the rectus femoris.
These muscles showed their greatest SEMG peak activity at a specific angle of 90° knee flexion, and the
SsEMG activity decreased as the knee reached its full extension. In contrast, the biceps femoris increased
its SEMG activity progressively from 90° to 0° knee extension. This is key information in the injury
prevention and return to play context, where the activation of target muscles at particular knee flexion
degrees becomes indispensable information.

Regarding leg press variant exercises, findings are more controversial. Overall, results pointed
out that the influence of the leg press kinematics modifications on the sSEMG elicited is not fully clear.
Although some studies cover some leg press variants, more research should be conducted in order
to deliver consistent guidelines. However, we support the idea that a preferred self-selected feet
stance should be encouraged, at least until there is strong evidence reporting a beneficial use of the
so-called variants.

Furthermore, considering that several exercises currently exist that comprise large lower-body
muscle groups, trainers, coaches and practitioners should also bear in mind that weight stack devices
make it possible to train at high intensities while reducing the risk of injury to the athlete. Therefore,
the leg press exercise and its variants could be exercises of choice for any strength training program,
independent of the training goal.
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