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Abstract: Outdoor fitness equipment (OFE) are strength training installations comparable to those
found in indoor gyms but are located outdoors with greater accessibility. However, the scientific
evidence supporting their effectiveness remains limited. The objective of this study was to analyze
and compare the electromyographic (EMG) activity of upper limb muscle groups during the use
of a traditional seated chest press (SCP) machine, a classic OFE SCP (OFE-SCP), and a new OFE-
SCP featuring a load selector system (BIOFIT-SCP). The sample was composed of 34 active young
men. EMG activity of five muscle groups was analyzed: the anterior deltoid (AD), the clavicular
(CP) and sternal (SP) heads of the pectoralis major, and the lateral (LHTB) and long heads of the
triceps brachii (LongHTB), under different intensities. The OFE-SCP showed significantly lower EMG
activity compared with the SCP and BIOFIT-SCP in all muscles and phases (p < 0.001). Significantly
lower EMG activity for the SP in all three phases was found on the BIOFIT-SCP compared with the
SCP (p < 0.001), but it was significantly higher for the LHTB and AD in the BIOFIT-SCP compared
with the SCP during the full and concentric phases (p < 0.05 to p < 0.001). In conclusion, training
with the OFE-SCP generates less EMG activity than traditional machine training, while, in general,
BIOFIT-SCP proved effective for strength training comparable to the SCP.

Keywords: outdoor gym; pectoralis major; resistance training; selectorized stack machine; surface
EMG; upper limb muscle

1. Introduction

Strength training is becoming increasingly popular in the population thanks to the
health benefits it brings to its practitioners [1,2]. Muscle mass gains and increased strength
levels are the main objectives of most users who practice it [1,3]. Multiple training methods
and tools can be used to train for strength, with guided machines being one of the most
widely used [4].

However, in recent years, outdoor fitness equipment (OFE) has become popular
as a more accessible alternative to guided machines in a fitness room [5,6]. These are
known as sports equipment that are operated in a manner similar to traditional gym
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machines, although they are commonly located in public outdoor spaces such as parks [6–8].
Despite the popularity of OFE and the economic investment made for their installation
and maintenance, there is some controversy regarding their effectiveness. In this line,
while some studies indicate that training with OFE could improve body composition and
strength production capacity in older adults [9], as well as improve physical functionality
in seniors [10]; other studies indicate that training with this equipment may not be effective
in adults and older adults, as a result of the reduced training intensity involved [11,12].
This is because traditional OFE are limited to working with one’s own body weight [12], so
they do not allow for a controlled intensity progression within training sessions. Therefore,
new models are emerging that allow the user to regulate the external load through a system
that can be used to increase the weight, similar to that of traditional fitness room guided
machines [9,13].

In recent years, machines that allow for pushing-based exercises in a guided manner
have increased in popularity and can be found in both traditional guided machine training
facilities [14] and OFE [5]. This is because these types of machines have been seen as an
alternative to the use of free weights and can provide the same results but with greater
safety and less reliance on exercise technique control [14]. Their use is common for both
aesthetic purposes and to strengthen the upper body musculature, which is essential for
performing daily tasks such as lifting or pushing objects [15].

Along this line, several previous studies have analyzed the efficacy of the seated chest
press (SCP) machine by performing a surface electromyographic analysis (EMG) of the
activation of the upper limb musculature during its execution [4,16–18]. The choice of
the SCP machine was made because it is one of the most popular guided machines for
push-work in fitness [19]. These studies have shown that the SCP is an effective machine
for activating the main muscle groups involved in these pushing exercises, such as the
anterior deltoid, the pectoralis major, and the triceps brachii [16,17,20].

In turn, within most OFE machine lines, SCP machines (OFE-SCP) are also included.
However, so far, no studies have been found that analyze the effectiveness of OFE-SCP
machines in terms of muscle activity of the a priori involved musculature. Therefore, for
practical purposes, it is not known whether this machine could be effective in achieving
adaptations in upper limb muscles after training with it. There is, however, a previous
study that compared the EMG between traditional leg machines and the OFE leg machine,
finding that, in general terms, the OFE showed less activation of the muscles involved in
the lower limbs, which could be because it only allows working with one’s own weight [13].

Likewise, it has not been empirically proven whether the inclusion of an adjustable
external weight in the OFE can improve the effectiveness of SCP machines. Only one
previous study compared the EMG readings between a traditional guided leg machine and
an OFE that allowed external weight adjustment, finding that at a similar intensity as a per-
centage of 1RM, a similar activation of the main lower limb musculature occurred, although
the activation of the synergist musculature varied slightly because of the biomechanical
differences between the exercises performed [13].

Therefore, the main objective of the present investigation was (a) to analyze and
compare the EMG recorded in the upper limb muscle groups during the use of a SCP,
OFE-SCP, and a push machine belonging to a new line of OFE that allows the external
load to be regulated (BIOFIT-SCP); and (b) to determine the differences in the EMG of the
upper limb muscle groups at 60 and 75% of 1RM in the SCP and BIOFIT-SCP machines. In
relation to the hypothesis, it was proposed that: (a) the EMG of the upper limb musculature
will be similar between the machines that allow the external load selection (SCP and
BIOFIT-SCP), and activation will be greater in SCP and BIOFIT-SCP machines compared
with a machine that only allows working with one’s own body weight (OFE-SCP); and
(b) the EMG recorded will be greater at 75% of 1RM than in 60% of 1RM in SCP and
BIOFIT-SCP machines.
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2. Materials and Methods
2.1. Design

This research consisted of a randomized cross-sectional study. The 1RM was calculated
on the SCP (Figure 1a) and the new BIOFIT seated chest press (BIOFIT-SCP), which is an
OFE that has an external weight selector (Figure 1b). The calculation of the 1RM from each
of the machines was done in a different session (session one and session two). Furthermore,
the EMG activity of five muscle groups (anterior deltoid (AD), clavicular (CP) and sternal
(SP) heads of the pectoralis major, and the lateral (LHTB) and long head of the triceps
brachii (LongHTB)) was analyzed on three different types of chest press machines, i.e., SCP,
OFE-SCP, and BIOFIT-SCP in another session (session three). In the SCP and BIOFIT-SCP
machines, an EMG activity analysis was performed at 60 and 75% of the 1RM, while in
the OFE-SCP machine, the analysis was performed with the subject’s own body weight. A
period of 72 h was given between each of the evaluation sessions of each participant. The
study utilized a specific research model, as illustrated in Table S1.
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Figure 1. Fitness equipment used. (a) Seated chest press (SCP) (Technogym; Cesena, Italia); (b) out-
door fitness equipment seated chest press with selectorized system (OFE-SCP) (Entorno Urbano,
Murcia, Spain); (c) outdoor fitness equipment seated chest press (BIOFIT-SCP) (Entorno Urbano,
Murcia, Spain).

The machines selected for this research were: a machine commonly used in the fitness
industry, the SCP model (Technogym; Cesena, Italy), with external load adjustment via a
selectorized system [3] (Figure 1a); a machine belonging to a new line of OFE called BIOFIT-
SCP (Entorno Urbano, Murcia, Spain), which allows the external load adjustment by means
of a selectorized system [3], and which is patented (Patent registration for the OFE-SCP
at the Spanish Patent and Trademark Office, application number: ES1296848Y; and patent
registration for the external load selector, Spanish Patent and Trademark Office application
number: P202231017) (Figure 1b); and a classic OFE machine line, corresponding with the
same machine model, the Gemini (OFE-SCP) (Entorno Urbano, Murcia, Spain), which uses
the user’s body weight as the external weight [10] (Figure 1c).

This research was conducted in accordance with the principles outlined in the Decla-
ration of Helsinki and received approval from the institutional ethics committee (Ethical
Approval Reference: CE111908). Before starting the study, all volunteers were informed
about the different types of tests and voluntarily signed an informed consent form to
participate in the present investigation.

2.2. Participants

A methodology utilizing the standard deviation (SD) was employed to determine the
sample size [21]. For this analysis, RStudio version 3.15.0 was utilized. The calculations
for sample size and statistical power were conducted based on the standard deviation
of the variable peak pectoralis major EMG activity during the use of a SCP selectorized
plate machine (SD = 63.82 µV) demonstrated by a sample of physically active young adults
(n = 15) [18]. An estimated error (d) of 32.30 µV, along with a 95% confidence interval (95%
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CI), a statistical power of 95%, and a significance level of 0.05, indicated that a minimum of
34 participants was required for the study.

The study included a total of 34 male participants (mean age = 21.54 ± 1.80 years old;
mean stretch stature = 176.62 ± 6.67 cm; mean body mass = 74.27 ± 9.99 kg). The inclusion
criteria were: (1) being male, (2) a minimum of 2 years of experience using gym machines
for training, along with currently engaging in strength training with these machines at
least three times per week, and (3) being within the age range of 19 to 24 years old. The
exclusion criteria were: (1) engaging in physical activity within 48 h before the initial
session or between assessment sessions [19], (2) any recent injuries to the upper limbs or
trunk within the previous 6 months [13], and (3) present a diagnosed muscle abnormalities
or joint conditions [13].

2.3. Measurements
2.3.1. Questionnaire

All the participants were asked to complete an ad hoc questionnaire on their socio-
demographic characteristics, their experience in strength training, the use of guided ma-
chines, and possible injuries and pathologies suffered. This questionnaire was created
based on previous studies [13].

2.3.2. Anthropometric Measurements

For the measurement of the anthropometric variables stretch stature and body mass,
the indications from the International Society for the Advancement of Kinanthropometry
(ISAK) [22] were followed by an accredited ISAK level-2 anthropometrist. An HR001
portable stadiometer (Tanita, Arlington Heights, IL, USA) and a Tanita BC-545N scale
(Tanita, Arlington Heights, IL, USA) were used. The variables were measured twice or
three times if the difference between the first two was greater than 1%, with the final value
being the mean or median, respectively.

2.3.3. Assessment of 1RM

The 1RM was calculated in the SCP and BIOFIT-SCP machines. The OFE-SCP was
discarded for this test because it does not have any external weight control system [12]. The
order of use of the SCP and BIOFIT-SCP machines to determine the 1RM in each machine
was randomized. The protocol recommended by the National Strength and Conditioning
Association [23] was utilized for the calculation of 1RM in both machines. The participants
performed a warm-up, comprised of a set with an intensity that allowed them to complete
between 5 and 10 repetitions. Following a 1 min rest period, the intensity was increased by
10 to 20%, at which point they were required to perform at least three but no more than
five repetitions. Following a 2 min rest period, the intensity was increased again by 10
to 20%. At this new intensity, participants were required to complete between two and
three repetitions. After this, the intensity was adjusted upward by 10 to 20% for a single
repetition attempt. Depending on whether the lift was successfully completed, the load
was either increased or decreased by 5 to 10%, repeating this process until the 1RM was
identified. A maximum of five attempts at varying intensities were performed, with four
minutes between each attempt [23]. A total of 72 h later, the protocol was repeated to
determine the 1RM on the other machine, following the prior randomization.

2.3.4. Electromyographic (EMG) Analysis

Seventy-two hours after the second 1RM calculation session, the EMG signal was
recorded in AD, CP, SP, LHTB, and LongHTB. The subjects performed, in a randomized
order, five repetitions in the SCP machine with intensities of 60 and 75% of 1RM, five
repetitions in the BIOFIT-SCP machine with intensities of 60 and 75% of 1RM, and five
repetitions in the OFE-SCP machine with their own weight. This protocol followed the
procedure of previous studies [13,24]. These intensities were selected for the SCP and
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BIOFIT-SCP machines as they are commonly used in different guided machines training
methods [13,17].

The electrodes were arranged according to the recommendations from the Surface
Electromyography for the Non-invasive Assessment of Muscles (SENIAM) project [25]. The
areas where they were placed were shaved and cleaned with 96% alcohol and sterile gauze
to avoid possible erroneous signals and reduced skin impedance [26]. The gel electrodes
used were placed at a 2 cm center-to-center distance in the longitudinal direction of the
muscle fibers [25]. Following the methodology from previous studies, bilateral symmetry
was assumed during exercise execution, so all electrodes were located on the right side of
the body in a standardized manner [27]. The parts recorded were CP, SP, LHTB, LongHTB,
and AD (Figure 2). EMG activity was recorded during exercise using the MuscleLab surface
electromyography system (Ergotest Innovation AS, Stathelle, Norway) at a sampling rate
of 1500 Hz.
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Figure 2. Electrode location on the right arm. AD = anterior deltoid; CP = clavicular pectoralis; LHTB
= lateral head of the triceps brachii; LongHTB = long head of the triceps brachii; SP = sternal pectoralis.

2.4. Randomization and Blinding

The sequence of machine usage for the 1RM assessment, the order of machine use for
EMG analysis, and the initial 1RM intensity for each machine during EMG analysis were
all randomized following the methodology of previous studies [28]. The procedure was
conducted by the principal investigator in the presence of external researchers, utilizing a
computer-generated random number table. All measurements were carried out following
the randomization process.

The researchers who performed the EMG measurements were not involved in the
1RM calculation tests. In the measurements of EMG, the two investigators involved in the
data collection were also blinded transversely, where one controlled the exercise execution
technique and provided the guidelines for the development of the protocol, while the other
focused exclusively on verifying the accuracy of the EMG data recording. This procedure
was carried out following previous research [13].
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2.5. Procedure

Figure 3 shows the procedures carried out during the three sessions in schematic
form, following previous studies [13]. In session one, the volunteers filled out the ad hoc
questionnaire, followed by the anthropometric measurements. Subsequently, the essential
guidelines for proper exercise execution on each of the three machines (SCP, OFE-SCP,
and BIOFIT-SCP) were provided to ensure they were familiar with the required execution
technique for each exercise to facilitate accurate data collection. Specifically, they were
informed that exercises on the various machines should be performed using a full range
of motion., from 90◦ elbow flexion to full extension. On the SCP machine, the seat was
placed at height number 3 so that the height of the seat to the grips was the same as on the
BIOFIT-SCP machine.

Sensors 2024, 24, x FOR PEER REVIEW 6 of 17 
 

 

2.5. Procedure 
Figure 3 shows the procedures carried out during the three sessions in schematic 

form, following previous studies [13]. In session one, the volunteers filled out the ad hoc 
questionnaire, followed by the anthropometric measurements. Subsequently, the essential 
guidelines for proper exercise execution on each of the three machines (SCP, OFE-SCP, 
and BIOFIT-SCP) were provided to ensure they were familiar with the required execution 
technique for each exercise to facilitate accurate data collection. Specifically, they were 
informed that exercises on the various machines should be performed using a full range 
of motion., from 90° elbow flexion to full extension. On the SCP machine, the seat was 
placed at height number 3 so that the height of the seat to the grips was the same as on the 
BIOFIT-SCP machine. 

Subsequently, participants carried out the 1RM calculation procedure using either 
the SCP or BIOFIT-SCP machine, with the order of execution assigned randomly. In the 
second session, the procedure was repeated to assess the 1RM in the other machine. Using 
the data collected from this procedure, the intensities corresponding to 60% and 75% of 
the 1RM were subsequently calculated for each participant on both the SCP and BIOFIT-
SCP machines. 

In the third session, following electrode placement, participants completed a warm-
up that included 12 repetitions at 30% of 1RM, 10 repetitions at 50% of 1RM, 8 repetitions 
at 70% of 1RM, and 2 repetitions at 90% of 1 RM on the SCP, as this was the machine on 
which the participants had the greatest prior experience, similar to that reported in related 
studies [13,29]. EMG measurements were then initiated, with the assigned machine (SCP, 
OFE-SCP, or BIOFIT-SCP) selected randomly. For the SCP and BIOFIT-SCP machines, the 
intensity level (either 60% or 75% of 1RM) was also randomized. Participants were in-
structed to perform five repetitions on the initially assigned machine and intensity, main-
taining a consistent speed throughout [26]. A 1 min rest was taken between each repeti-
tion. After a 15 min rest, the same protocol was repeated on the same machine but using 
the other intensity. Once the full protocol was completed on the first machine, participants 
rested for 15 min before beginning the protocol on the second machine [13,26]. In the case 
of OFE-SCP, a single set of five repetitions was carried out using the participant’s body 
weight, following the same procedure, since the external load could not be modified [6,10]. 
Rest periods were established based on previous methodologies to prevent fatigue from 
impacting the results [13,30]. 

 
Figure 3. Flow diagram. 

For data analysis, all repetitions that had not been executed correctly from a technical 
point of view were discarded [13]. The correct execution was considered to involve the 
following assumptions: (a) that the repetition was performed with a constant rhythm 
throughout the entire range of motion, without stopping, (b) that a full range of motion 
from 90° elbow flexion to full extension was involved, and (c) that the buttocks were in 
constant contact with the seat and the feet were resting on the floor during the entire exe-
cution [31]. 

Figure 3. Flow diagram.

Subsequently, participants carried out the 1RM calculation procedure using either the
SCP or BIOFIT-SCP machine, with the order of execution assigned randomly. In the second
session, the procedure was repeated to assess the 1RM in the other machine. Using the
data collected from this procedure, the intensities corresponding to 60% and 75% of the
1RM were subsequently calculated for each participant on both the SCP and BIOFIT-SCP
machines.

In the third session, following electrode placement, participants completed a warm-up
that included 12 repetitions at 30% of 1RM, 10 repetitions at 50% of 1RM, 8 repetitions
at 70% of 1RM, and 2 repetitions at 90% of 1 RM on the SCP, as this was the machine
on which the participants had the greatest prior experience, similar to that reported in
related studies [13,29]. EMG measurements were then initiated, with the assigned machine
(SCP, OFE-SCP, or BIOFIT-SCP) selected randomly. For the SCP and BIOFIT-SCP machines,
the intensity level (either 60% or 75% of 1RM) was also randomized. Participants were
instructed to perform five repetitions on the initially assigned machine and intensity, main-
taining a consistent speed throughout [26]. A 1 min rest was taken between each repetition.
After a 15 min rest, the same protocol was repeated on the same machine but using the
other intensity. Once the full protocol was completed on the first machine, participants
rested for 15 min before beginning the protocol on the second machine [13,26]. In the case
of OFE-SCP, a single set of five repetitions was carried out using the participant’s body
weight, following the same procedure, since the external load could not be modified [6,10].
Rest periods were established based on previous methodologies to prevent fatigue from
impacting the results [13,30].

For data analysis, all repetitions that had not been executed correctly from a technical
point of view were discarded [13]. The correct execution was considered to involve the
following assumptions: (a) that the repetition was performed with a constant rhythm
throughout the entire range of motion, without stopping, (b) that a full range of motion
from 90◦ elbow flexion to full extension was involved, and (c) that the buttocks were in
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constant contact with the seat and the feet were resting on the floor during the entire
execution [31].

The data analysis was conducted using the methodology outlined in a previous
study [26]. The first and last repetitions were excluded, and from the remaining three,
the repetition with the highest root mean square (RMS) for the primary muscle group
involved in the movement, the SP, was chosen, provided it was executed correctly. Data for
all the muscles involved were recorded [13]. The data were processed using MuscleLab
v10.5.67 software (MuscleLab Ergotest Innovation AS, Norway) by converting the raw
amplified EMG signals into RMS values [32]. The RMS variable was measured during the
entire repetition, as well as separately for its concentric and eccentric phases, to enable
comparisons between machines, consistent with previous studies [33]. A MuscleLab
twin-axis electrogoniometer (Ergotest Innovation AS, Stathelle, Norway) was utilized as
a movement control variable to distinguish between the concentric and eccentric phases
during exercise. The device was positioned on the participant’s left arm, near the elbow
joint, on the outer side. The distal sensor was aligned with the forearm, while the fixed
sensor was aligned with the upper arm [34]. Calibration was performed using a hand-
held goniometer set at 90◦ of elbow flexion while the participant maintained a stable,
relaxed position. The point of maximum elbow extension was verified in situ, allowing
differentiation of the concentric phase as the data captured from the initial 90◦ flexion to
full elbow extension and the eccentric phase as the data collected from maximum extension
back to 90◦ flexion. The full phase encompassed the analysis of the entire range of motion,
beginning and ending at 90◦ flexion [13].

All measurement sessions were spaced 72 h apart to prevent any potential fatigue
effects [35]. All participants were scheduled to attend each session at 8:00 a.m. [13]. All
measurements were conducted in the same room, under controlled conditions with a
consistent temperature of 20 ◦C and a stable humidity level of 60%.

2.6. Statistical Analysis

Data analysis was conducted using SPSS software (Version 25; IBM Corporation,
Armonk, NY, USA). The Kolmogorov–Smirnov test and Mauchly’s W-test were applied to
assess data normality. Mean values and standard deviations were computed. To compare
muscle activation across different machines and intensities, a repeated-measures ANOVA
with Bonferroni correction was conducted. To control for Type I error, Bonferroni’s correc-
tion was applied, setting statistical significance at p = 0.005. A threshold of p < 0.05 was
defined for acceptable error.

3. Results

Table 1 shows the 1RM strength test results for the traditional SCP and BIOFIT-SCP
machines.

Table 1. Results of the 1RM strength test.

1RM 60% 1RM 75% 1RM

SCP (kg) 88.02 ± 20.72 57.21 ± 12.43 66.02 ± 15.54
BIOFIT-SCP (kg) 44.51 ± 15.06 26.71 ± 9.04 33.38 ± 11.30

1RM = one-repetition maximum; BIOFIT-SCP = BIOFIT seated chest press; SCP = traditional seated chest press.

Table 2 shows the mean and standard deviation of the root mean square recorded in
each of the muscles analyzed when using the SCP at 60 and 75% of 1RM, the BIOFIT-SCP
at 60 and 75% of 1RM, and the OFE-SCP with their own weight. The muscle group that
showed a greater RMS was the AD during the concentric phase and the LHTB during the
eccentric phase, except for the OFE-SCP, in which the AD muscle group showed a higher
activation in both phases. With respect to the complete phase, the highest activations
were observed in both the AD and LHTB, with the most notable being those recorded in
the BIOFIT-SCP. Regarding the pectoralis, it was observed that CP presented a greater
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activation than SP in the two types of OFE (BIOFIT-SCP and OFE-SCP), while in the SCP,
the greatest activation was presented by SP. In the triceps, LHTB presented the highest
activation in the three machines and during the three phases analyzed compared with
the LongHTB.

Table 2. Root mean square recording of the electromyographic signal in the different machines with
different 1RM intensities.

SP (M ± SD) CP (M ± SD) LongHTB (M ± SD) LHTB (M ± SD) AD (M ± SD)

Complete
SCP 60% 324.27 ± 173.47 294.47 ± 163.67 223.78 ± 138.17 377.78 ± 167.07 395.81 ± 181.21
SCP 75% 388.32 ± 195.96 348.72 ± 174.16 298.41 ± 153.99 483.80 ± 213.02 475.87 ± 216.16
BIOFIT-SCP 60% 170.39 ± 104.46 294.61 ± 135.61 240.59 ± 76.97 477.74 ± 209.51 491.45 ± 236.06
BIOFIT-SCP 75% 242.52 ± 140.62 345.74 ± 158.54 293.61 ± 92.29 562.39 ± 231.58 565.45 ± 256.92
OFE-SCP 92.13 ± 48.52 131.16 ± 52.86 118.06 ± 43.67 233.81 ± 97.10 282.89 ± 134.02
Concentric
SCP 60% 405.24 ± 214.63 354.11 ± 174.17 276.03 ± 151.85 449.94 ± 203.93 492.81 ± 221.87
SCP 75% 464.00 ± 231.01 400.29 ± 185.58 357.95 ± 154.14 556.01 ± 241.40 570.43 ± 258.28
BIOFIT-SCP 60% 228.02 ± 137.01 373.41 ± 168.02 314.12 ± 96.52 606.76 ± 249.69 641.30 ± 290.93
BIOFIT-SCP 75% 310.05 ± 174.62 415.49 ± 179.38 362.90 ± 110.13 675.58 ± 269.82 709.09 ± 316.85
OFE-SCP 108.66 ± 58.08 150.04 ± 62.60 141.33 ± 65.01 277.29 ± 140.53 344.46 ± 156.46
Eccentric
SCP 60% 218.49 ± 130.02 211.61 ± 149.48 160.86 ± 136.70 293.15 ± 152.20 277.87 ± 141.80
SCP 75% 279.58 ± 145.02 271.33 ± 166.85 220.94 ± 163.04 382.85 ± 183.09 355.95 ± 167.18
BIOFIT-SCP 60% 72.34 ± 53.03 171.94 ± 90.23 146.97 ± 63.24 294.86 ± 130.77 275.66 ± 173.07
BIOFIT-SCP 75% 110.50 ± 80.07 216.06 ± 115.29 190.81 ± 81.11 377.98 ± 148.77 340.04 ± 184.52
OFE-SCP 65.07 ± 30.76 103.21 ± 43.51 87.98 ± 35.07 177.75 ± 78.50 196.61 ± 113.77

AD = anterior deltoid; BIOFIT-SCP = BIOFIT seated chest press; CP = clavicular pectoralis; LHTB = lateral head of
the triceps brachii; LongHTB = long head of the triceps brachii; OFE-SCP = classic OFE; SCP = seated chest press;
SP = sternal pectoralis.

Tables 3–5 and Figure 4 show the differences between machines and between different
intensities in the full execution, concentric phase, and eccentric phase, respectively. At
the same percentage of 1RM (60% 1RM vs. 60% 1RM, or 75% 1RM vs. 75% 1RM), the
SCP presented a significantly greater activation of the SP in the three phases of execution
(p < 0.001) and of the CP in the eccentric phase during execution at 75% of 1RM (p < 0.05)
with respect to the RMS recorded in the BIOFIT-SCP. In the other phases and intensities, the
CP did not present significant differences (p > 0.05). On the other hand, both LHTB (p < 0.01)
and AD (p < 0.05) showed significantly higher activations in the full and concentric phases
during the use of the BIOFIT-SCP with respect to the SCP at similar intensities, with no
differences in the eccentric phase (p > 0.05). No difference in LHTB was found between
SCP and BIOFIT-SCP at equal intensity (p > 0.05).

Table 3. Differentiation of peak electromyographic activity between different machines and intensities
of 1RM during full execution.

Complete Repetition SCP 60% SCP 75% BIOFIT-SCP 60% BIOFIT-SCP 75% OFE-SCP

Sternal pectoralis

SCP 60% - −64.05 ± 7.33 † 153.88 ± 19.24 † 81.75 ± 19.47 ** 232.14 ± 25.54 †

SCP 75% - 217.93 ± 21.28 † 145.80 ± 19.93 † 296.19 ± 29.60 †

BIOFIT-SCP 60% - −72.13 ± 8.12 † 78.26 ± 15.25 †

BIOFIT-SCP 75% - 150.39 ± 21.45 †

OFE-SCP -

Clavicular
pectoralis

SCP 60% - −54.25 ± 6.35 † −0.14 ± 15.64 −51.26 ± 16.01 * 163.31 ± 25.98 †

SCP 75% - 54.11 ± 17.22 * 2.98 ± 16.46 217.55 ± 27.62 †

BIOFIT-SCP 60% - −51.12 ± 7.24 † 214.57 ± 25.44 †

BIOFIT-SCP 75% - 214.57 ± 25.44 †

OFE-SCP -
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Table 3. Cont.

Complete Repetition SCP 60% SCP 75% BIOFIT-SCP 60% BIOFIT-SCP 75% OFE-SCP

LongHTB

SCP 60% - −74.63 ± 8.21 † −16.82 ± 21.09 −69.83 ± 22.03 * 105.71 ± 21.92 †

SCP 75% - 57.81 ± 23.17 4.80 ± 23.21 180.34 ± 23.96 †

BIOFIT-SCP 60% - −53.01 ± 5.43 † 122.53 ± 10.59 †

BIOFIT-SCP 75% - 175.54 ± 13.57 †

OFE-SCP -

LHTB

SCP 60% - −106.02 ± 12.90 † −99.96 ± 17.90 † −184.62 ± 22.30 † 143.97 ± 17.26 †

SCP 75% - 6.06 ± 17.69 −78.60 ± 17.92 ** 249.99 ± 23.80 †

BIOFIT-SCP 60% - −84.66 ± 9.72 † 243.92 ± 25.18 †

BIOFIT-SCP 75% - 328.58 ± 28.63 †

OFE-SCP -

Anterior deltoid

SCP 60% - −80.06 ± 13.14 † −95.64 ± 25.48 ** −169.64 ± 27.18 † 112.92 ± 22.97 †

SCP 75% - −15.58 ± 25.56 −89.58 ± 25.83 * 192.98 ± 28.10 †

BIOFIT-SCP 60% - −74.01 ± 8.27 † 208.56 ± 32.78 †

BIOFIT-SCP 75% - 282.56 ± 36.24 †

OFE-SCP -

BIOFIT-SCP = BIOFIT seated chest press; LHTB = lateral head of the triceps brachii; LongHTB = long head of
the triceps brachii; OFE-SCP = classic OFE; SCP = seated chest press; * = p value < 0.05; ** = p value < 0.01;
† = p value < 0.001.

Table 4. Differentiation of peak electromyographic activity between different machines and 1RM
intensities during the concentric phase.

Concentric Phase SCP 60% SCP 75% BIOFIT-SCP 60% BIOFIT-SCP 75% OFE-SCP

Sternal pectoralis

SCP 60% - −58.76 ± 8.28 † 177.22 ± 23.83 † 95.19 ± 24.31 ** 296.58 ± 32.02 †

SCP 75% - 235.98 ± 24.57 † 153.95 ± 23.43 † 355.34 ± 35.23 †

BIOFIT-SCP 60% - −82.03 ± 9.70 † 119.36 ± 20.10 †

BIOFIT-SCP 75% - 201.39 ± 26.60 †

OFE-SCP -

Clavicular
pectoralis

SCP 60% - −46.19 ± 8.71 † −19.30 ± 17.99 −61.38 ± 18.61 * 204.06 ± 28.57 †

SCP 75% - 26.88 ± 20.15 −15.20 ± 18.40 250.25 ± 30.34 †

BIOFIT-SCP 60% - −42.08 ± 10.12 ** 223.37 ± 28.25 †

BIOFIT-SCP 75% - 265.45 ± 30.12 †

OFE-SCP -

LongHTB

SCP 60% - −81.92 ± 10.20 † −38.09 ± 20.47 −86.88 ± 22.06 ** 134.70 ± 22.52 †

SCP 75% - 43.82 ± 20.25 −4.96 ± 20.38 216.61 ± 21.79 †

BIOFIT-SCP 60% - −48.78 ± 6.19 † 172.79 ± 13.90 †

BIOFIT-SCP 75% - 221.57 ± 16.35 †

OFE-SCP -

LHTB

SCP 60% - −106.07 ± 15.19 † −156.82 ± 19.44 † −225.63 ± 23.34 † 172.65 ± 19.97 †

SCP 75% - −50.75 ± 19.10 −119.56 ± 17.23 † 278.72 ± 24.40 †

BIOFIT-SCP 60% - −68.82 ± 11.79 † 329.47 ± 28.76 †

BIOFIT-SCP 75% - 398.29 ± 31.03 †

OFE-SCP -

Anterior deltoid

SCP 60% - −77.62 ± 15.64 † −148.49 ± 29.17 † −216.28 ± 31.89 † 148.35 ± 29.06 †

SCP 75% - −70.87 ± 29.33 −138.66 ± 30.74 ** 225.96 ± 32.72 †

BIOFIT-SCP 60% - −67.79 ± 11.52 † 296.84 ± 39.90 †

BIOFIT-SCP 75% - 364.62 ± 43.89 †

OFE-SCP -

BIOFIT-SCP = BIOFIT seated chest press; LHTB = lateral head of the triceps brachii; LongHTB = long head of
the triceps brachii; OFE-SCP = classic OFE; SCP = seated chest press; * = p value < 0.05; ** = p value < 0.01;
† = p value < 0.001.
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Table 5. Differentiation of peak electromyographic activity between different machines and 1RM
intensities during the eccentric phase.

Eccentric Phase SCP 60% SCP 75% BIOFIT-SCP 60% BIOFIT-SCP 75% OFE-SCP

Sternal pectoralis

SCP 60% - −61.09 ± 8.07 † 146.15 ± 19.42 † 107.99 ± 18.17 † 153.41 ± 20.74 †

SCP 75% - 207.24 ± 22.35 † 169.08 ± 20.31 † 214.50 ± 23.91 †

BIOFIT-SCP 60% - −38.16 ± 7.55 † 7.26 ± 9.42
BIOFIT-SCP 75% - 45.43 ± 14.51 *
OFE-SCP -

Clavicular
pectoralis

SCP 60% - −59.72 ± 5.72 † 39.68 ± 16.51 −4.45 ± 15.46 108.40 ± 22.12 †

SCP 75% - 99.39 ± 18.78 † 55.27 ± 16.78 * 168.12 ± 25.04 †

BIOFIT-SCP 60% - −44.12 ± 8.30 † 68.73 ± 11.99 †

BIOFIT-SCP 75% - 112.85 ± 16.31 †

OFE-SCP -

LongHTB

SCP 60% - −60.07 ± 6.92 † 13.90 ± 22.49 −29.94 ± 23.21 72.89 ± 23.55 *
SCP 75% - 73.97 ± 26.27 30.13 ± 26.70 132.96 ± 28.10 †

BIOFIT-SCP 60% - −43.84 ± 6.50 † 58.99 ± 10.72 †

BIOFIT-SCP 75% - 102.83 ± 12.82 †

OFE-SCP -

LHTB

SCP 60% - −89.70 ± 12.84 † −1.71 ± 18.26 −84.83 ± 20.58 ** 115.40 ± 20.94 †

SCP 75% - 87.99 ± 23.55 ** 4.87 ± 24.39 205.11 ± 27.57 †

BIOFIT-SCP 60% - −83.12 ± 10.43 † 117.11 ± 17.33 †

BIOFIT-SCP 75% - 200.23 ± 19.84 †

OFE-SCP -

Anterior deltoid

SCP 60% - −78.08 ± 14.19 † 2.21 ± 24.45 −62.17 ± 23.57 81.26 ± 21.50 **
SCP 75% - 80.30 ± 25.32 * 15.91 ± 23.76 159.35 ± 23.67 †

BIOFIT-SCP 60% - −64.39 ± 8.76 † 79.05 ± 27.79
BIOFIT-SCP 75% - 143.44 ± 30.00 †

OFE-SCP -

BIOFIT-SCP = BIOFIT seated chest press; LHTB = lateral head of the triceps brachii; LongHTB = long head of
the triceps brachii; OFE-SCP = classic OFE; SCP = seated chest press; * = p value < 0.05; ** = p value < 0.01;
† = p value < 0.001.
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When comparing OFE-SCP with SCP and OFE-SCP with BIOFIT-SCP, a significantly
lower activation was found in OFE-SCP for all muscle groups in the full execution (p < 0.001),
concentric (p < 0.001) and eccentric phases (p < 0.05), except for the SP and AD during the
use of BIOFIT-SCP at 60% of 1RM (p > 0.05) during the eccentric phase. When comparing
each machine (SCP and BIOFIT-SCP) with each of the two different intensities, significant
differences were found in all muscle groups and during all the phases (p < 0.01).

4. Discussion

The first objective of this research was to analyze and compare the EMG activity of the
muscle groups of the upper limbs produced when exercising with the SCP, OFE-SCP, and
BIOFIT-SCP machines. Based on previous studies, the performance of exercises involving
internal rotation with shoulder abduction and flexion, together with elbow extension,
regardless of the biomechanical differences between exercises, involve the same major
muscle groups, for example, the pectoral musculature, the AD, or the triceps brachii [20,36].
Other studies have analyzed EMG activity in exercises such as the pec deck, chest press,
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or bench press, finding that they all activate the same major muscle groups, despite their
technical differences, as they are all upper limb press exercises [19,20,36]. Furthermore,
in all the exercises performed on stable guided machines, the stabilizing musculature of
the trunk may be less involved, as they rely less on the postural control, compared with
exercises with more degrees of freedom of movement, as proven in previous studies that
showed significant differences in rectus abdominis activation, being lower during the use
of a plate machine compared with a cable-based machine [20]. Based on this, in the present
investigation, the decision was made to perform a comparison of the EMG activity with
different types of machines, of the muscle groups directly involved in the movement, and
not so much of the muscles that could be involved as stabilizers.

A notable finding of this research was that in all three machines, the muscle group that
showed a greater RMS was the AD during the concentric phase and the LHTB during the
eccentric phase in general. These results coincide with those found in similar works, with
the AD being the upper limb muscle that showed the greatest activation during the use of
the standing cable press [18]. As for the activation of the LHTB, it could be due to the need
for stabilization of the movement, as proven in previous works in which stronger signals
were recorded in exercises with a freer movement with respect to chest press machines for
this muscle group [20].

An outstanding result of the present investigation was that when comparing EMG
activity between machines with the same percentage of intensity, more specifically, SCP
and the BIOFIT-SCP, the SP presented a significantly greater EMG signal in all phases
recorded in the SCP with respect to the BIOFIT-SCP at the same relative intensities; while
the CP showed greater activation in the SCP with respect to the BIOFIT-SCP, but only in
the eccentric phase at 75% of the 1RM. This may be due to the fact that the bundles of the
SP and CP parts have a recruiting advantage during horizontal glenohumeral flexion and
may be due to the better alignment of the muscle fibers with respect to the direction of
movement [19,33] during the execution of the SCP, but that the fibers did not maintain the
same linearity during the execution of the BIOFIT-SCP. Furthermore, in previous studies
where a comparison of the EMG activity of each muscle between exercises and grips was
performed, it was observed that a bench press with a grip at 50% of the biacromial distance
compared with a grip of 150% of the biacromial distance, presented a lower activation of
the SP [4]. Thus, the fibers of the CP and SP were able to collaborate to a greater extent in all
phases in the SCP machine with respect to the BIOFIT-SCP machine due to the closest grip
in the exercise performed on traditional machines [33]. Given these preliminary results,
questions remain as to the importance of fixed or adaptive grip distance during the use of
this type of machinery on EMG activation in upper limb pushing exercises.

Continuing with the comparison between the SCP and the BIOFIT-SCP, in the case
of the elbow extensors, the LongHTB showed no differences between machines at equal
intensity, while the LHTB showed greater activation in the BIOFIT-SCP in the full and
concentric phases, both at 60% and 75%, with no differences in the eccentric phase. Studies
have justified the participation of the triceps as a synergist muscle in upper limb pushing
exercises [20] and thrust exercises that increased its activation by elevating the firing
frequency through the inclusion of a backrest that improved the intervention of the main
musculature because it reduced the dependence of the stabilizing muscle during the
exercise [18]. However, in most studies, the triceps brachii was analyzed uniquely as a
muscle group, but locating the electrodes in only one of the muscle bellies [4,16,18,20],
with this being the first article to analyze on different machines, the activation of two
triceps muscle bellies, the LHTB and the LongHTB. The differences found between both
machines in the EMG activity of the triceps brachii musculature may be conditioned by
the angulation of the shoulder joint because the BIOFIT-SCP involves a shoulder flexion
to a greater extent, while the SCP an adduction flexion, which would condition the EMG
involvement of the triceps based on previous studies [19]. Given these promising results,
future research is needed to analyze the biomechanics of both machines in order to confirm
the results of the present investigation.



Sensors 2024, 24, 7740 13 of 17

Similarly, when comparing EMG activation between SCP and BIOFIT-SCP, the AD
showed greater activation in the BIOFIT-SCP in the full and concentric phases, both at 60%
and 75%, with no differences in the eccentric phase. This could also be a consequence of
the differences in shoulder abduction between the two machines. It has been shown that
the AD is involved, to a greater extent, in exercises where the main movement consists of
shoulder flexion, compared with those where the main movement is horizontal shoulder
adduction [19]. In that sense, the movement in the BIOFIT-SCP is based on a shoulder
flexion and an elbow extension with a small shoulder internal rotation, while the movement
in the SCP involves a shoulder internal rotation and elbow extension, together with a steady
shoulder abduction. Previous results on this issue are contradictory. Thus, while in some
studies, it has been found that when comparing different types of plate-loaded chest press
and cable-based strength training machines, the AD did not show significant differences
between machines [18]. In other studies, it was found that the AD increased its activation
during a chest press exercise as the inclination of the bench changed, leading to an increase
in shoulder flexion [19]. The differences between studies may be due to the dependence of
the execution technique in each of the variants of the exercises because the contribution
of a specific muscle will depend on factors such as the specific movement performed in
the joint and the anatomical position of the muscle [19]. These promising results indicate
the need for future research to analyze the biomechanics of both machines to validate the
findings of this study.

Another relevant result of this study was that, when comparing the EMG activity
of the BIOFIT-SCP and SCP machines to the OFE-SCP, those machines equipped with
an external weight selector showed significantly higher EMG values across all muscle
groups, irrespective of the intensity and phase, with only a few exceptions. However,
OFE has gained significant popularity in recent years [8,10,12]. No prior studies have
been identified that have examined EMG activity using this type of machine, leaving
its effectiveness uncertain [37]. However, prior research has indicated that the choice of
intensity influences muscle fiber recruitment, thereby affecting the recorded signal [38].
Given that the traditional OFE line only permits exercises using one’s own body weight [12],
the results of this study may be attributed to the fact that the participants’ body weight did
not correspond to an intensity near 60% or 75% of their 1RM when using the OFE-SCP. Thus,
based on the results of this study, OFE-SCP may have limited effectiveness in generating
significant EMG activity [37]. Thus, based on the findings of this study, OFE-SCP may have
limited effectiveness in generating significant EMG activity [39], being able to provide only
an adequate stimulus in populations with low fitness levels, such as older, deconditioned
individuals [40].

Based on the results found in the present investigation, the first hypothesis of this re-
search can be partially accepted, as we found higher EMG activation in SCP and BIOFIT-SCP,
as compared to OFE-SCP. However, the second part of the hypothesis, which hypothesized
that the EMG activation between the machines with a load selector would be similar (SCP
vs. BIOFIT-SCP), has to be rejected, as differences were found in four of the five muscle
groups analyzed.

The second aim of this study was to assess the differences in EMG activity of upper
limb muscle groups at 60% and 75% of the 1RM using machines that permit intensity
adjustment (SCP and BIOFIT-SCP). The results indicated a rise in EMG activity across all
the muscle groups analyzed when exercising at 75% of the 1RM compared to 60% of the
1RM for both the full range of motion as well as during the concentric and eccentric phases
in the SCP and BIOFIT-SCP. The results are consistent with previous studies, which also
reported an increase in EMG activity as intensity increased [41]. This occurs because, at
higher intensities, there is an increase in both the recruitment of motor units and their
firing frequency [38]. These results support the acceptance of the second hypothesis, as the
EMG activity recorded at 75% of 1RM was higher than at 60% of 1RM in both SCP and
BIOFIT-SCP conditions.
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The primary practical implication of this research is the introduction of a new type of
OFE, accessible to both trainers and users, supported by scientific evidence demonstrating
its effectiveness in recruiting target muscles similarly to conventional gym equipment.
Furthermore, the effectiveness of the OFE was enhanced by implementing an external load
selection system. This approach not only ensured adherence to the principle of progressive
intensity but also improved the control of training intensity when using these machines.

The main strength of the present research is that it is one of the first studies that
has analyzed EMG activity in OFE with a load selector. As studies were not found that
compared similar models of indoor and outdoor machines for upper limb exercises, the
present study is a pioneer in this aspect. It is also one of the first articles that has analyzed
the EMG activation generated by classic OFE, which works with the user’s own weight
and whose shortcomings have been widely discussed. In addition, this work opens up
new avenues of research by suggesting biomechanical and electromyographic analyses of
the new patented systems and validities, offering opportunities to optimize their design
and functionality in various contexts. In addition, it is one of the few works that includes
both the eccentric and concentric phases, as well as the separate analysis of the sternal and
clavicular parts of the pectoralis major muscle. In addition to the above, it is the only study
that analyzed two of the triceps muscle bellies in guided machines.

Although this study offers a novel approach compared to prior research on the ef-
fectiveness of OFE, it is not free from limitations. Firstly, this study did not include an
analysis of EMG results for antagonist muscles like the biceps brachii, latissimus dorsi, or
other areas such as the lateral deltoid. The location of the electrodes in the back area makes
measurement difficult because of the backrest of the machines. On the other hand, future
work is encouraged to include an analysis of a larger number of muscle groups whenever
possible. A second limitation was that the three machines presented slight variations in
execution biomechanics due to the specific mechanics of each device, making direct com-
parisons between the exercises imprecise. However, it is important to note that studies with
an electromyographic component often aim to highlight these biomechanical variations,
providing valuable information on how different equipment or variations within the same
exercise uniquely affect muscle activation. These comparisons are essential to understand-
ing the nuances of muscle responses. The third limitation of this study was the exclusion
of the maximum voluntary contraction test as a variable in the EMG analysis. This work
compared the machines using the absolute values recorded. Including this variable could
have provided insights into the percentage of activation of each muscle group relative to its
maximum during each of the exercises assessed. In addition, it was not possible to calculate
the 1RM in the OFE-SCP due to the impossibility of adjusting the load on the machine when
working with one’s own body weight and mobilizing it with levers. As a final limitation,
although the study incorporated an electrogoniometer for elbow joint monitoring during
electromyographic signal recording, it did not incorporate a goniometric analysis of the
elbow and shoulder joints, which might have provided information on joint angles and
their relationship to muscle activation patterns. In addition, it could have provided findings
by linking specific joint mechanics to differences in muscle recruitment across machines,
such as the difference in angular velocity between shoulder and elbow and whether this
changes the data recorded in the interfering muscle groups.

5. Conclusions

It was observed that the EMG activity presented by the current OFE designed to
strengthen the upper limb musculature (OFE-SCP) is significantly lower than that of the
SCP, a machine commonly used in strength training in fitness centers for the pectoralis,
with higher activation in triceps. In contrast, classic OFE, which only allows self-loading
work, was found to be less effective than seated chest press machines with external load
selectors. Machines with external weight selectors (SCP and BIOFIT-SCP) consistently
showed higher EMG activations across all muscle groups compared with self-loading OFE,
suggesting that these may be less effective in generating sufficient muscle activation for
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hypertrophy and strength adaptations, except for populations with lower fitness levels.
Thus, the study supports the idea that OFE with external load selectors represent a valuable
tool for strength training, as they show EMG activity levels closer to those of conventional
gym equipment. This innovation could improve the applicability of OFE in progressive
training programs by allowing controlled intensity adjustments. Additionally, in general
terms, a higher intensity implied a greater activation of the involved musculature. This
study is a pioneer in the analysis of EMG activation in OFE with external load selection, as
it included a separate analysis of the pectoralis major parts and two triceps muscle heads.
Future studies should address the limitations of this research, proposing as future lines
of research the inclusion of the analysis of antagonist muscles, the goniometric analysis
of elbow and shoulder joint angles, as well as taking into account the differentiation of
biomechanics of execution between machines, and the maximal voluntary contraction test,
in order to know what percentage of activation is generated in each muscle group and to
refine the understanding of muscle activation patterns. In addition, it will be necessary to
expand the sample to be analyzed, taking into account the female population as well as the
older population in future research in order to achieve a greater transfer to the population.

In summary, OFE equipped with external load selectors has the potential to bridge the
gap between traditional self-weight OFE and gym-based strength training equipment, offering
a controlled approach to muscle activation and adaptation for outdoor fitness applications.

6. Patents

This study presents data on two patents registered by the Spanish Patent and Trade-
mark Office: a new machine designed for the outdoor fitness equipment line (code:
ES2975897) and an innovative external load selection system of the exercise for this machine
(code: ES2975886).
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