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Abstract

Background: Triceps surae muscle activation and subsequently mechanical stimuli might be affected by the
manipulation and combination of resistance training variables such as load, change the position of the feet, rest
between sets and exercise selection. Purpose. The aim of the present study was to determine the activity of the
soleus (SOL), medial (MG) and lateral (LG) gastrocnemius muscles during exercises performed with different
equipment and foot positions. Materials and methods. Fifteen males physically independent adults aged >18
years participated these cross-sectional study. electromyographic activity of the SOL, MG and LG muscles was
collected during the heel-raise movement, considering 50% of the load used in 10 maximum repetitions (MR) on
the leg press, Smith and seated calf raise equipment (the loads used were specific to each equipment). For each
device, three readings of five repetitions. Results. Two-way analysis of variance revealed a significant difference
in the activity of the SOL, MG and LG muscles among the types of equipment (F = 11.55, P < 0.001; n,” = 0.20).
However, foot position exerted no influence on muscle activation (F = 0.21, P =0.97; npz = 0.005). Conclusions.
the heel raises exercises performed with 50% MR on the Smith machine led to a significantly greater increase in
the activity of the MG and LG muscles in comparison to the leg press and seated calf raise equipment. The
activity of the SOL, MG and LG muscles was not influenced by the position of the feet during the exercises
performed on the three different types of equipment.
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Introduction

The triceps surae (TS) muscles are formed by the soleus (SOL), medial (MG) and lateral (LG)
gastrocnemius muscles and receive considerable attention by practitioners of different sport modalities, such as
running (Masumoto et al., 2018; Morley and Traum, 2018), jumping (Fatouros et al., 2000), bodybuilders
(Marcori et al., 2017) and resistance training practitioners(Rosenberger et al., 2017). Plantar flexion exercises
are the most widely used to increase the size, strength and power of these muscles (Kawakami et al., 2000;
Mikkola et al., 2007).

However, it is important to consider that mechanical stimuli and subsequently muscle activation might
be affected by the manipulation and combination of resistance training variables such as exercise selection
(Gentil et al., 2017), load (Jenkins et al., 2015) and rest between sets (Miranda et al., 2018). In addition, the
anatomic position and function of each muscle that makes up the TS are important factors to consider during the
training of these muscles (Kawakami et al., 1998).

The insertion of the MG and LG muscles is in the femoral condyles and these muscles have the function
of both knee flexion and plantar flexion of the ankle. The insertion of the SOL is in the posterior face of the tibia
and head of the fibula and this muscle only contributes to plantar flexion of the ankle (Elias et al., 2003).
Moreover, functional magnetic resonance imaging has revealed that the individual TS muscles play different
functional roles during contraction (Kinugasa et al., 2005). These morpho-functional differences justify the need
to use different trainings strategies for this muscle group, such as plantar flexion with the knee in complete
extension (Marcori et al., 2017; Signorile et al., 2002) or near 180° '* at 90° of flexion (Kinugasa et al., 2005;
Signorile et al., 2002).
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Changing the position of the feet during TS training has also been demonstrated to be an important
factor. Studies suggest that the activity of the gastrocnemius muscles is influenced by changes in foot position
(Marcori et al., 2017; Riemann et al., 2011) and a smaller or larger angle of the knee (Tamaki et al., 1997). In
tests conducted with body weight, extended knees, in the upright position and with maximum range of motion
for the ankle joint, significant differences have been described for the activity of the gastrocnemius when the
tests are performed with different foot positions: forward, inward and outward (Marcori et al., 2017). However,
the load used during the tests in these studies were close to body weight, which does not reflect the demands of
training when higher loads are normally used. Moreover, another study found no influence of foot position on
the activity of the TS muscles during tests with five repetitions during heel raise exercises using the maximal
load that enabled 10 repetitions (Pereira et al., 2017).

The results of the studies cited may be an indication that this muscle group produces different
activations when exposed to different loads. Moreover, it is possible that the same effect may be found when TS
training is performed with different types of equipment, such as a leg press machine (Pereira et al., 2017), Smith
machine (Nilsen et al., 2015) and seated calf raise machine (Debenham et al., 2017; Eches et al., 2018). Such
knowledge can assist in the periodization strategies for the training of these muscles, as many professionals have
used different types of equipment and foot positions in their training approach (Marcori et al., 2017; Pereira et
al., 2017; Riemann et al., 2011). Therefore, an investigation on the electromyographic activity (EMG) of the TS
muscles observed in different exercises and with the manipulation of the foot position, can contribute to a better
understanding of these observations. In addition, it is important to highlight that strengthening the TS muscles
might have important applications in rehabilitation of people with stroke (Park et al, 2020), to management of
Achilles tendinopathy (Malliaras, 2022), to decrease the risk of falls in community-dwelling older adults [Maritz
et al., 2016].

In the present study, we test the hypothesis that the activity of the TS muscles differs when exercises are
performed on the leg press, Smith and seated calf raise machines and that the position of the feet exerts an
influence on the activity of these muscles in different ways among these types of equipment. Thus, the aim of the
present study was to analyze the electromyographic (EMG) activity of the SOL, MG and LG muscles on
different machines (leg press, Smith and seated calf raise) with different foot positions (forward, inward and
outward).

Methods
Participants

This cross-sectional study was conducted at the Center for Research in Movement Analysis (NAPAM)
of Nove de Julho University (Uninove) in Sao Paulo, Brazil and was approved by the Local Ethics and Research
Committee (certificate number: 2.100.780) and all participants were informed about the procedures of the study
and signed the Informed Consent Term.

A convenience sample of 15 young men (age: 26.8 + 5 years; weight 77.6 + 10.8 Kg; height: 172.6 +
6.3 cm) were recruited from the local community through verbal invitations. All were physical active, as
determined by the Short Form International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003), trained
the lower limbs two or more times per week for at least the previous six months (Haskell et al., 2007) and had no
musculoskeletal disorders of the lower limbs or cognitive impairment.

Electromyography

The EMG signals of the SOL, MG and LG muscles were recorded using a 16-channel acquisition
system (bandpass filter: 20 to 500 Hz; amplifier gain of 1000 times; common rejection mode ratio < 120 dB)
(EMG System Ltda ®), with a sampling frequency of 2000 Hz and digitalized using analog-digital (A/D)
conversion plates with 16-bit resolution. Muscle activity was detected using disposable, self-adhesive,
differential, bipolar, Ag/AgCl surface electrodes measuring 1 cm in diameter (MediTrace, Kendall Healthcare),
with a center-to-center inter-electrode distance of 2 cm. Surface electrodes were positioned according SENIAM
recommendations (Hermens et al., 2000).

Procedures

The sequence of experimental events is summarized in Figure 1. Two tests were conducted in two
previously scheduled sessions. The first session involved the collection of the anthropometric data (weight and
height) and the administration of the IPAQ. Individuals who met the inclusion criteria performed the 10-
maximum repetition (MR) test for each machine (leg press, Smith and seated calf raise) to establish the load to
be used during the data collection. For the tests, the feet were in the neutral position and a five-minute rest period
was given between collections to enable recovery (Anderson and Kearney, 1982; Dankel et al., 2017). The order
of the equipment was randomized using opaque envelopes.
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Figure.1 Flow sequence diagram of data recording. MR: maximum repetition. MIVC: maximum isometric
voluntary contraction. P1, P2, P3: foot positions. MIVC (3 times), Left leg, Right leg.

The second session was scheduled after a 72-hour interval, during which the participants were
instructed to practice physical exercises. The tests started with a warm-up exercise performed on a treadmill for
10 min at 1.5 m/s. After a two-minute rest interval, the participants were placed in a ventral decubitus position
on an examining table with the lower limbs bare. The skin was cleaned with 70% alcohol and disposable
electrodes were attached for the collection of the EMG signals (Figure 2-A). Each individual initially performed
three maximal isometric voluntary contractions (MIVC) of the TS muscles. On this test, a 5-cm strap was
positioned in the region of the metatarsals and attached to the base of the examining table (Figure 2-B). Once
duly positioned, the participants were instructed to perform plantar flexion of the feet with maximum force for
five seconds. This procedure was performed three times on each leg with a three-minute rest period between
repetitions.
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Figure 2. A: Positions of surface electrodes in the soleus (SOL), medial (MG) and lateral (LG) gastrocnemius
muscles to collect the electromyographic signal. B: Maximal isometric voluntary contractions test position. C:
Representation of the foot positions. The schematic illustration depicts the three configurations of the foot
position used in the experimental design: forward (FW), outward (OW) and inward (IW).

The experimental tests began after a five-minute rest period following the last MIVC reading. The order
of the equipment and positioning of the feet were randomized using opaque envelopes containing cards with
letters to determine the equipment (A: leg press; B: Smith machine; C: seated calf raise) and numbers indicating
the position of the feet during the reading (1: forward; 2: outward; 3: inward).

The tests were performed with 50% of the load used in the 10 RM test (50% RM) for each machine (the
loads used were specific to each equipment).

The pace of the plantar flexion/extension movements during the trials was determined by a metronome
adjusted to 40 beats per minute. Each participant performed three sets of exercises with five plantar flexions in
the different foot positions: forward (0°), outward (45°) and inward (45°) (Figure 3-C). A five-minute rest period
was given between trials.

In the three-foot positions used on the leg press machine, it was necessary to flex the knees up to 20° to
enable greater comfort and avoid excessive load on the joint. On the seated calf raise machine, the kneed
remained flexed at 90° in all positions. On the Smith machine, the knees remained extended at 0° in the forward
foot positions, but flexion up to 20° was needed in the inward and outward positions. The semi-flexion of the
knees was used so that the movements could be performed with greater efficiency and comfort, thereby reducing
the possibility of injury.
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Data processing

The EMG signals were analyzed offline using specific routines in the Matlab program (version R2016b;
The MathWorks Inc., Natick, MA, USA). The amplitude of EMG signal was defined as the root mean square
(RMS) of the signal calculated for each test. The RMS under each condition was normalized by the highest
MIVC value (uV/pV x 100% MIVC) and expressed as the percentage of MIVC. The mean normalized RMS
obtained on the three tests was used to compare the influence of foot position on the activity of each muscle
(SOL, MG and LG) on each machine (leg press, Smith and seated calf raise).

Statistical analysis

The statistical procedures were performed with the aid of SPSS version 20.0 (SPSS Inc.). The Shapiro-
Wilk test demonstrated that the data were normally distributed. Mean, standard deviation values were calculated
for the EMG data. Two-way analysis of variance (ANOVA) was used to analyze the influence of equipment
(Leg press vs. Smith vs. Seated calf raise) and foot position (forward vs. inward vs. outward) on the muscle
activity. The post hoc Bonferroni test used to verify differences in muscle activity between equipment and foot
positions. Paﬂfal eta squared () was used to calculate the effect size (Lakens, 2013).The interpretation was
based on the values established by Cohen (1998)n§mall effect (less than: =0.01), mq@erate effect
(approximately: =0.06ﬁ§and large effect (greater than: =0.14). For all analyses, a value of p<0.05 was
considered indicative of statistical significance.

Results
Figure 3 displays the mean and standard deviation values of the amplitude of the EMG signals of SOL,

MG and LG muscle activity recorded during the use of the leg press, Smith and seated calf raise machines with
the different foot positions (forward, inward and outward).

No significant interaction (foot position vs. group) was identified (F = 0.02, P %21.00; = 0.001;
ANOVA test) for SOL, MG or LG muscle activity. However, the type of equipment used for the exercise exerted
a significant influence on the activity of these muscles (F = 11.55, P < 0.@}@1; = 0.20; ANOVA). EMG

activity of the MG and LG muscles recorded on Smith machine was significantly higher in comparison to
activity recorded on the seated calf raise machine (post hoc test). Activity of the MG muscle was also
significantly higher on the Smith machine compared to activity on the leg press machine.
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Figure 3. Mean and standard deviation of normalized amplitude (RMS) of EMG signal (% MIVC: maximum
isometric voluntary contraction) of the soleus, medial and lateral gastrocnemius muscles recorded on three
different types of equipment (leg press, Smith and seated calf raise machines) with three different foot positions:
forward (FW), outward (OW) and inward (IW). * Significant difference among types of equipment (ANOVA
Bonferroni post hoc test).

Discussion

The present study confirmed the hypothesis that activity of the TS muscles differs when exercises are
performed on different machines (leg press, Smith and seated calf raise). In contrast, the positioning of the feet
(forward, inward or outward) exerted no influence on the activity of these muscles.

The literature offers divergent data on the activity of the TS muscles with different foot positions. In
texts involving plantar flexion exercises with the knees extended in the upright position that only used body
weight as the load, the position of the feet exerted a significant difference on the activity of the TS muscles
independently of the concentric and eccentric phase of the contraction (Marcori et al., 2017; Riemann et al.,
2011).

In other studies, however, no significant change in the EMG signal of the LG and MG was found with
different positioning of the feet during a plantar flexion exercise on the leg press equipment (Pereira et al., 2017)
or on tests performed with and without body weight support (Cibulka et al., 2017).
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A possible explanation for these divergent results may reside in differences among the experimental
protocols. Indeed, it has been demonstrated that an increase in load during the contraction of the LG and MG
diminishes the EMG activity in both muscles, suggesting different recruitment patterns (Fiebert et al., 2000).
These data suggest that possible differences in the activation patterns of the LG and MG muscles are directly
related to the amount of load imposed on the muscle during contraction.

This may be important information to the rehabilitation following the injury of these muscles, which
often depend on concentrating the exercise on a specific TS muscle and with load limitation during the treatment
process. However, when the objective is muscle hypertrophy, the findings of the present investigation and
previous studies indicate that exercises performed with the feet in the forward position on the equipment used in
this study promote a similar level of muscle activity between the LG and MG (Cibulka et al., 2017; Fiebert et al.,
2000; Pereira et al., 2017).

Foot position exerted no significant influence on the activity of the SOL muscle when using the leg
press, Smith and seated calf raise machines. This result is in agreement with data from a previous study
involving the Smith machine (Pereira et al., 2017).

In the comparison of the different types of equipment, EMG activity of the MG and LG muscles
recorded on the Smith machine was significantly higher in comparison to activity recorded on the seated calf
raise machine and activity of the MG muscle was also significantly higher on the Smith machine compared to
activity on the leg press machine. In contrast, no significant difference among the three types of equipment was
found with regard to the activity of the SOL muscle.

Although the prediction of muscle strength based on EMG signals is limited (Disselhorst-Klug et al.,
2009; Vigotsky et al., 2017), the increase in the amplitude of these signals may reflect a greater load on the
muscles analyzed. Thus, the present results indicate that exercises for the TS performed on the Smith machine
may be more efficient in terms of muscle hypertrophy compared to exercises performed on the leg press and
seated calf raise equipment. However, this observation should be interpreted with caution. Although the increase
in the amplitude of the EMG signal adequately represents an increase in muscle strength, other factors, such as
muscle length, type of contraction (isometric or isotonic) and contraction velocity, also exert an influence on the
results (Vigotsky et al., 2017).

The present results suggest that during strength training of the TS when using the Smith, leg press and
seated calf raise machines, the feet should be positioned to provide maximum comfort and safety, as different
foot positions exert no significant influence on the activity of these muscles. Although the present findings do
not enable us to state that the significant increase in activity of the LG and MG muscles found during the
exercise on the Smith machine can necessarily be translated into an increase in strength, this effect can be
considered an objective way to select exercises for the gastrocnemius muscles.

Conclusions

This study showed that the heel raises exercises performed considering 50% of the load used in 10
maximum repetitions on the Smith machine lead to a significant increase in the activity of the lateral and medial
gastrocnemius muscles when compared to exercises performed on the leg press and seated calf raise equipment.
In contrast, no difference in activity of the soleus muscle was found among the exercises performed on the three
different types of training equipment (Smith, leg press and seated calf raise machines).

The activity of the triceps surae muscles was not influenced by changes in foot position (forward,
inward and outward) during the exercises performed on these three types of equipment. In practice, these results
indicate that the Smith machine is best recommended to promote activation of the lateral and medial
gastrocnemius muscles in relation to the exercises performed on leg press and seated calf raise machines.
Considering that the position of the feet does not influence the activity of the plantar flexor muscles, the feet
should be positioned to provide maximum comfort and safety during exercise.
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