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Abstract: The goal of the present article is to compare neuromuscular activation patterns among
medial-lateral, superior-inferior, and rotational positions of palms for 14 selective muscles during
the push-up exercise. Muscle activity and kinematics information of fifteen males (68.35 + 7.18 kg,
175 + 3.40 cm, 24.50 + 7.50 years) were recorded by Myon Electromyographic (EMG) system and Vicon
motion capture, respectively. EMG activity in the anterior deltoid, middle deltoid, posterior deltoid,
infraspinatus, upper pectoralis major, middle pectoralis major, lower pectoralis major, latissimus
dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius, middle trapezius, and lower
trapezius was measured. According to the results, the narrow position of palms increased the
infraspinatus, upper pectoralis major, triceps brachii (lateral and medial head), middle trapezius,
and lower trapezius muscles, while the wide position of palms enhanced the lower pectoralis major
muscle. Superior positions of palms enhanced the upper trapezius, while the inferior positions of
palms increased the anterior deltoid, posterior deltoid, infraspinatus, biceps brachii, middle trapezius,
lower trapezius, and pectoralis major (lower, middle, and upper) muscles. Internal positions of the
palms increased all pectoralis major muscles (lower, middle, and upper), while external positions
(lower, middle, and upper) enhanced the middle deltoid, latissimus dorsi, biceps brachii, middle
trapezius, and lower trapezius muscles. The information about muscle activation during various
types of push-ups can potentially help athletes, coaches, personal trainers, and clinicians to apply
modified push-up exercises to make new systematic and useful exercise plans.

Keywords: push-up; muscle activity; hand position; palm position; exercise

1. Introduction

A push-up is a common bodyweight exercise executed by lowering and elevating the
upper body while keeping the back straight [1]. The application of the push-up exercise
may be for athletes or patients [2]. It is a closed kinetic chain exercise that involves many
upper limb and core muscles [3-7]. There are many muscles responsible for specific
motions during push-up exercises. Although, the activation of each muscle depends
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on different factors, such as hand position variants [8]. It plays a key role in the co-
contraction of multiple muscles, such as the agonist and antagonist muscles. Therefore,
it was prescribed to athletes or patients to develop joint stability, injury prevention, and
rehabilitation program by sports coaches or physiotherapists [9]. The push-up consists
of many variants, such as medial-lateral, superior-inferior, and rotation variations of the
palms [10,11]. The push-up and its variants were investigated by techniques that involved
surface electromyography (EMG) [12,13]. Previous studies have studied the impacts of
various variations of push-ups separately, such as different medial-lateral, superior-inferior,
rotational positions, and executing push-ups on various surfaces [13,14]. Despite the many
excellent studies, there is no evidence of a relationship between various palm positions.
Therefore, the main aim of the current study was to discover relationships of muscle
activation among medial-lateral, superior-inferior, and rotational positions of palms during
the push-up exercise. Through the outcome of the study, it is possible to reveal the correct
understanding of the muscle functions in sports and clinical applications of this movement
correctly in various hand positions.

2. Methods and Materials
2.1. Study Selection

Fifteen professional fitness athletes participated in this study. Athletes were free from
any mental or physical problems. These subjects have more than 6 hours of regular training
per week. The average of each athlete’s experience in professional sports is more than
10 years.

Table 1 presents the anthropometric information of the athletes. All volunteers were
excluded if they had any injuries or comorbidity affecting push-ups, such as previous
orthopedic surgery, musculoskeletal injuries, or a history of neurological disorders. Further,
written informed consent was obtained from all subjects. The current study protocols were
in accordance with the Declaration of Helsinki.

Table 1. Anthropometrics and experience information of the subjects.

Variables Mean (+SD)
Age (years) 24.50 (+7.50)
Weight (kg) 68.35 (+7.18)
Height (cm) 175 (+3.40)
Experience (years) 14 (+£3.50)

2.2. Instruments

Ten Vicon motion-capturing systems (Vicon MX, Oxford, UK, 100 Hz) were used to
record kinematics data [15]. Motion analysis of push-up exercises allowed us to detect the
angles [15,16]. The EMG activity in the anterior deltoid, middle deltoid, posterior deltoid,
infraspinatus, upper pectoralis major, middle pectoralis major, lower pectoralis major,
latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius, middle
trapezius, and lower trapezius muscles was measured by a 14-channel wireless Myon
EMG system (made in Switzerland) with a sampling frequency of 1000 Hz, as shown in
Figure 1 [17]. The standard surface EMG electrode placements were applied according to
the recommendation of Cram and Kasman [18]. Skin shaving and cleaning with alcohol
were performed to reduce errors. The surface electrodes included self-adhesive with
Ag/AgCl[16,19].
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Figure 1. The surface reflective marker and EMG electrode placement for 14 muscles: anterior deltoid,
middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle pectoralis major,
lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius,
middle trapezius, and lower trapezius muscles in the motion analysis lab with ten high-speed motion
Vicon cameras (Vicon Industries Ltd., Hampshire, UK).

2.3. Experimental Setup

Participants warmed up and stretched for ten minutes before the experiments. After
warming up and stretching, the markers and EMG electrodes were attached. Before
starting the experiments, the subjects trained for the experiments for the best performance.
Participants executed push-ups in three medial-lateral positions (narrow, normal, and
wide), three superior-inferior positions (superior, normal, and inferior), and three rotational
positions (internal, normal, and external) of palms. Therefore, each subject executed nine
types of push-ups. Each subject performed five trials for each type of push-up. The
information about each type of push-up is illustrated in Table 2.

Table 2. Categorization of the various palm positions.

Cardinal Planes  Position Medial-Lateral Distance between Palms Superior-Inferior Position of the Palms Rotation Position of the Palms

Close 0cm In front of the face 0° degree
Medial-Lateral Normal  The distance between left and right shoulder markers In front of the face 0° degree
Wide 2 x (the distance between left and right shoulder markers) In front of the face 0° degree
Superior  The distance between left and right shoulder markers In front and overhead 0° degree
Superior-Inferior Normal  The distance between left and right shoulder markers In front of the face 0° degree
Inferior The distance between left and right shoulder markers In front of the chest 0° degree

Internal ~ The distance between left and right shoulder markers In front of the face 90° internal

Rotation Normal  The distance between left and right shoulder markers In front of the face 0°
External ~ The distance between left and right shoulder markers In front of the face 90° external

2.4. Data Analysis

The kinematics and EMG signals were synchronized by Vicon Nexus software (Vicon

Industries Ltd., Hampshire, UK). The EMG and kinematics data were incorporated into the
Mokka software to set the onset and offset of the push-up exercises by visual inspection.
The EMG signal was normalized to the maximal values of the EMG signal (highest values
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in experiments) to facilitate comparison among muscles, subjects, and different push-up
variations. All electromyographic signals, such as different types of push-up trials, were
high-pass filtered at 30 Hz to delete artificial and heart rate effects [20]. After the elimination
of heart rate and artificial effects, EMG data were linearly enveloped and rectified by a
low-pass filter with 4 Hz frequency fourth-order Butterworth [21]. The mean and standard
deviation values were calculated from filtered muscle activity data for each muscle and
each trial [22].

2.5. Statistical Analysis

All muscle activations are presented as mean values (dependent variables) for each
muscle. Independent variables were medial-lateral, inferior-posterior, and rotational posi-
tions of palms. In this study, three-way, repeated-measures ANOVA was used to compare
the muscle activations in the three palm positions for each variation group: medial-lateral
(three levels), superior-inferior (three levels), and rotational (three levels) variations. A
Tukey—Kramer posthoc analysis test was used to compare the three palm positions for each
variation group (medial-lateral, superior-inferior, and rotational variations). For all analy-
ses, the statistical significance level was set to 0.05. All statistical analysis was performed in
MATLAB 2020a software.

3. Results

The experimental results of the muscular activity during push-up exercises are ex-
plained in detail below. The push-up postures are depicted below, in Figures 2—4, to
understand the phases of the push-up. The information on the push-up type and positions
of the palms are detailed in Table 2.

The mean and standard deviation of muscle activities for 14 muscles: the anterior
deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle
pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial,
biceps brachii, upper trapezius, middle trapezius, and lower trapezius muscles during the
push-up exercise in three medial-lateral positions of palms (narrow, normal, and wide) are
shown in Figure 2.

Figure 3 shows the mean and standard deviation of muscle activities for 14 muscles:
the anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major,
middle pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps
medial, biceps brachii, upper trapezius, middle trapezius, and lower trapezius muscles
during the push-up exercise in three superior-inferior positions of palms (inferior, normal,
and superior).

Figure 4 represents the mean and standard deviation of muscle activities for 14 muscles:
the anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major,
middle pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps
medial, biceps brachii, upper trapezius, middle trapezius, and lower trapezius muscles
during the push-up exercise in three rotational positions of palms (90 internal rotation, 0
rotation, and 90 external rotation).

Figure 5 presents the mean and standard deviation of normalized muscle activities
for 14 muscles: the anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper
pectoralis major, middle pectoralis major, lower pectoralis major, latissimus dorsi, triceps
lateral, triceps medial, biceps brachii, upper trapezius, middle trapezius, and lower trapez-
ius muscles in three medial-lateral positions of palms (narrow, normal, and wide). No
significant differences were observed in the medial-lateral positions of palms in the anterior
deltoid, middle deltoid, middle pectoralis major, latissimus dorsi, biceps brachii, and upper
trapezius muscle activation (p > 0.05). The narrow palm position tended to enhance muscle
activation of the anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper
pectoralis major, middle pectoralis major, latissimus dorsi, triceps lateral, triceps medial,
biceps brachii, upper trapezius, middle trapezius, and lower trapezius muscles, while the
wide palm position increased the lower pectoralis muscle by 0.69 + 0.06 of normalized
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muscle activation. The star sign indicates p-values < 0.05 with respect to Tukey—Kramer
post-hoc significant difference criterion. The greatest changes happened in the infraspinatus
(0.74 £ 0.03) and lower pectoralis major (0.69 + 0.06).

Figure 6 shows the relationship between the superior-inferior positions of palms and
muscle activities during the push-up exercise. The main impact of the superior-inferior
positions of palms affected all muscles (p < 0.05) except the middle deltoid, lower pec-
toralis major, latissimus dorsi, triceps lateral, and triceps medial muscles, as shown in
Figure 6. The inferior positions of the palm enhanced muscle activity in 8 out of 14 muscles
(p < 0.05) from 0.14-0.66 of normalized muscle activity in the middle deltoid, lower pec-
toralis major, latissimus dorsi, triceps lateral, and triceps medial muscles, while the superior
positions of palms tended to enhance muscle activation of the upper trapezius and middle
trapezius (p < 0.05) (Figure 6).
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Figure 2. The mean and standard deviation of muscle activities for 14 muscles: the anterior deltoid,
middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle pectoralis major,
lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius,
middle trapezius, and lower trapezius muscles during the push-up exercise in three medial-lateral
positions of palms (narrow, normal, and wide).
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Figure 3. The mean and standard deviation of muscle activities for 14 muscles: the anterior deltoid,
middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle pectoralis major,
lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius,
middle trapezius, and lower trapezius muscles during the push-up exercise in three superior-inferior
positions of palms (inferior, normal, and superior).

Figure 7 presents the mean and standard deviation of normalized muscle activities
for 14 muscles: the anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper
pectoralis major, middle pectoralis major, lower pectoralis major, latissimus dorsi, triceps
lateral, triceps medial, biceps brachii, upper trapezius, middle trapezius, and lower trapez-
ius muscles in three rotational positions of palms (90° internal rotation, 0° rotation, and 90°
external rotation). The star sign indicates p-values < 0.05 with respect to Tukey—Kramer
post-hoc significant difference criterion. No significant differences were observed in ro-
tational positions of palms in the posterior deltoid, infraspinatus, triceps brachii lateral,
triceps brachii medial, and upper trapezius muscle activation.

The Internal rotation of palm positions tended to enhance muscle activation of the
upper pectoralis major, middle pectoralis major, and lower pectoralis major muscles, while
the external rotation of palm positions enhanced the anterior deltoid, middle deltoid,
latissimus dorsi, biceps brachii, middle trapezius, and lower trapezius muscle. The ro-
tational positions of palms changed muscle activation in 9 out of 14 muscles, with the
highest rotational variations with external palm rotation being a 0.2 enhancement in the
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latissimus dorsi and 0.07 decrease in the lower pectoralis major. The highest deviation
affected by external rotation of palms was in the biceps brachii of 0.18, while the lowest
deviation was in the anterior deltoid and infraspinatus muscles (around zero). The high-
est deviation from the internal rotation of palms was 0.14 in the middle pectoralis major
(p <0.05), while the lowest deviation was in the posterior deltoid and triceps lateral muscles

of 0.2 (Figure 7).
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Figure 4. The mean and standard deviation of muscle activities for 14 muscles: the anterior deltoid,
middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle pectoralis major,
lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius,
middle trapezius, and lower trapezius muscles during the push-up exercise in three rotational
positions of palms (90 internal rotation, 0 rotation, and 90 external rotation).
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Figure 5. The mean and standard deviation of normalized muscle activities for 14 muscles: the
anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle
pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii,
upper trapezius, middle trapezius, and lower trapezius muscles in three medial-lateral positions of
palms (narrow, normal, and wide). The star sign indicates p-values < 0.05 with respect to Tukey—
Kramer post-hoc significant difference criterion.
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Figure 6. The mean and standard deviation of normalized muscle activities for 14 muscles: the
anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle
pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii,
upper trapezius, middle trapezius, and lower trapezius muscles in three superior-inferior positions
of palms (superior, normal, and inferior). The star sign indicates p-values < 0.05 with respect to
Tukey-Kramer post-hoc significant difference criterion.



Appl. Sci. 2022,12,10178 9of 12
1 T
[ Internal [ Normal [C_]External
*
09} — -
>
0.8
c
207
£l
kst
<
006 =
Q
n
s
205 *
© * C—
s —
*
go4 P
é
503 3
P4
0.2 =
0.1 -
0
& ) ) )
«'Dé\ 5> ef'>° e?’\\\'
S & B &
e o «( «\ &K
R &R < X
& 5 ¢ ®
¥ SN

Figure 7. The mean and standard deviation of normalized muscle activities for 14 muscles: the
anterior deltoid, middle deltoid, posterior deltoid, infraspinatus, upper pectoralis major, middle
pectoralis major, lower pectoralis major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii,
upper trapezius, middle trapezius, and lower trapezius muscles in three rotational positions of palms
(superior, normal, and inferior). The star sign indicates p-values < 0.05 with respect to Tukey-Kramer
post-hoc significant difference criterion.

4. Discussion

The push-up is a popular exercise for enhancing shoulder stability, strength, and
control. We compared muscle activities of the anterior deltoid, middle deltoid, posterior
deltoid, infraspinatus, upper pectoralis major, middle pectoralis major, lower pectoralis
major, latissimus dorsi, triceps lateral, triceps medial, biceps brachii, upper trapezius,
middle trapezius, and lower trapezius muscles in (a) three medial-lateral positions of palms
(narrow, normal, and wide), (b) three superior-inferior positions of palms (superior, normal,
and inferior), and (c) three rotational positions of palms (90° internal rotation, 0° rotation,
and 90° external rotation).

Physicians and trainers can alter the push-up variation for their tailored needs. Based
on our results, narrow and inferior push-ups can be prescribed to improve the infraspinatus
muscle. Narrow, inferior, and external push-ups can be used to boost the middle and lower
trapezius muscles. Superior push-ups can be used to improve the upper trapezius muscles.
External and inferior push-ups can be prescribed to improve the biceps brachii muscle.
External push-ups can be utilized to boost the latissimus dorsi muscle. Narrow push-ups
can be applied to boost the triceps brachii muscle. External push-ups can be used to improve
the middle deltoid muscle. Inferior push-ups can be utilized to enhance the anterior and
posterior deltoid muscles. Internal and inferior push-ups can be prescribed to improve all
pectoralis major muscles. The superior positions of palms decreased muscle activation of all
pectoralis major muscles (upper, middle, and lower) because these positions of the palms
increased the movement of the pectoralis major, and, consequently, the muscle activation of
pectoralis major decreased to produce equal torque [23]. Based on the results, the muscle
activity was enhanced in all pectoralis major and decreased in tricep group muscles in the
inferior positions of the palms, supporting a previous study [24]. The muscle activation
of the infraspinatus increased when the position of the palms shifted from superior to
inferior because the movement of the infraspinatus is shorter at inferior positions of the
palms and longer at superior positions of the palms [23]. Consequently, muscle activation
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of the infraspinatus increased to produce equal movement. Cogley et al. (2005) evaluated
pectoralis major and triceps brachii muscle activity during three different medial-lateral
palm positions. They indicated that the muscle activity of the pectoralis major and triceps
brachii was high in narrow palm positions [25]. In addition, Gouvali et al. (2005) found
pectoralis major muscle activity was highest when the distance between the two palms
was smallest (the narrow palms positions) [24]. Moreover, Ho et al. (2019) indicated the
muscle activity of the triceps brachii was highest in the narrow palm position [26]. Kim
et al. (2016) compared the muscle activities of the deltoideus p. acromialis, pectoralis
minor, pectoralis major, serratus anterior, biceps brachii, triceps brachii, latissimus dorsi,
and infraspinatus among three medial-lateral palm positions, showing the muscle activity
of pectoralis major, triceps brachii, and infraspinatus was highest in the narrow palm
position [7]. Other studies, such as Se-Yeon Park et al., compared two parts of the serratus
anterior and the upper and lower trapezius muscles activation during push-up variations
on stable and unstable bases of support. They found that the lower serratus anterior plays
a key role in stabilizing the shoulder grid during push-ups [27]. Our present study includes
some limitations, such as the lack of female subjects in our experiments, the low number
of subjects, and the lack of different age-group subjects. It suggests the use of kinematics
and muscle activity analysis at the same time to understand muscle functions and motor
control behavior of push-ups in different variations.

5. Conclusions

The push-up is a common activity for rehabilitation and workouts. Various types of
push-ups are known by varying positions of the upper body, lower limb, trunk, head, and
support surfaces. The main aim of the current study was to find the relationships of muscle
activation among the medial-lateral, superior-inferior, and rotational positions of palms.
According to the results, a narrow position of the palms increased the infraspinatus, upper
pectoralis major, triceps brachii (lateral and medial head), middle trapezius, and lower
trapezius muscles, while a wide position of the palms enhanced the lower pectoralis major
muscle. A superior position of the palms enhanced the upper trapezius, while an inferior
position of the palms increased the anterior deltoid, posterior deltoid, infraspinatus, all
pectoralis major, biceps brachii, middle trapezius, and lower trapezius muscles. An internal
position of the palms increased all pectoralis major muscles, while an external position of
the palms enhanced the middle deltoid, latissimus dorsi, biceps brachii, middle trapezius,
and lower trapezius muscles. The information about muscle activation during various
types of push-ups can potentially help athletes, coaches, personal trainers, and clinicians to
apply modified push-up exercises for new and useful exercise plans. For example, coaches
can train their players via specific push-up exercises because they will be aware of each
muscle role and muscle activation in each push-up type. Further research could evaluate
the muscle synergy among various types of push-ups to find how CNS (central nervous
system) controls the muscles.
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