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Abstract: The present study examined the muscle activation in lateral raise with humerus rotated
externally (LR-external), neutrally (LR-neutral), internally (LR-internal), with flexed elbow (LR-flexed)
and frontal raise during both the concentric and eccentric phase. Ten competitive bodybuilders
performed the exercises. Normalized surface electromyographic root mean square (sEMG RMS)
was obtained from anterior, medial, and posterior deltoid, pectoralis major, upper trapezius, and triceps
brachii. During the concentric phase, anterior deltoid and posterior deltoid showed greater sEMG RMS in
frontal raise (effect size (ES)-range: 1.78/9.25)) and LR-internal (ES-range: 10.79/21.34), respectively,
vs. all other exercises. Medial deltoid showed greater sEMG RMS in LR-neutral than LR-external
(ES: 1.47 (95% confidence-interval—CI: 0.43/2.38)), frontal raise (ES: 10.28(95% CI: 6.67/13.01)),
and LR-flexed (ES: 6.41(95% CI: 4.04/8.23)). Pectoralis major showed greater sEMG RMS in frontal
raise vs. all other exercises (ES-range: 17.2/29.5), while upper trapezius (ES-range: 2.66/7.18) and
triceps brachii (ES-range: 0.41/3.31) showed greater sEMG RMS in LR-internal vs. all other exercises.
Similar recruitment patterns were found during the eccentric phase. When humerus rotates internally,
greater activation of posterior deltoid, triceps brachii, and upper trapezius occurs. Humerus external
rotation increases the activation of anterior and medial deltoid. Frontal raise mainly activates anterior
deltoid and pectoralis major. LR variations and frontal raise activate specifically shoulders muscles and
should be proposed accordingly.

Keywords: muscle; EMG; deltoid; pectoralis major; upper trapezius; triceps brachii; resistance training;
strength exercise

1. Introduction

Resistance training is largely used in sports to increase muscle strength and promoting hypertrophic
response [1] and in rehabilitation to reinforce muscles after injury [2]. Several exercises have been
developed to target the agonist muscles through a series of mechanical stimuli; hence, a definition of
the agonist muscle activation during each exercise may help to select the exercises appropriately [3,4].
Among the possible targets, the muscles surrounding the shoulders are involved in a series of
multiplanar movements in many sports and daily life activities [5], so that several exercises are
performed to reinforce these muscles. Particularly, deltoid muscle (which can be divided into anterior,
medial, and posterior deltoid), trapezius (especially its upper portion), the clavicular head of pectoralis
major, and triceps brachii are among the muscles targeted when performing shoulder exercises [5–7].

Lateral raise (LR) and frontal raise consist of arm abduction and flexion on the frontal or sagittal
plane, respectively, and are largely used to stimulate the shoulders muscles [5,8–10]. LR can be
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performed with a range of variations, including an exercise where the humerus is rotated externally
(LR-external), neutrally (LR-neutral), or internally (LR-internal) [5,10]. Comparing LR-external vs.
LR-internal, a previous study reported that the latter elicited medial and posterior deltoid more than
the former, while no data were observed for LR-neutral and anterior deltoid [10]. Another study also
showed that the upper trapezius activation increased by rotating abducting the humerus on the sagittal
vs. frontal plane [11]. Additionally, frontal raise is expected to mainly elicit anterior deltoid and the
clavicular head of pectoralis major—two strong humerus flexors [5,11]. Interestingly, in practice, LR can
be performed with a flexed elbow (LR-flexed). It is expected that LR-flexed might elicit less activation
in deltoid muscles because of the shorter lever in frontal abduction; however, no study has compared
these exercises so far. Lastly, triceps brachii is a strong stabilizer of the elbow during all LR variations and
frontal raise. However, no study has examined its activation during these exercises. A comprehensive
examination of the activation of the muscles surrounding the shoulders during LR variations and
frontal raise may help to properly plan resistance training sessions to increase strength and possibly
promote hypertrophy [12]. As such, each exercise could be selected depending on the muscle activation
we want to focus on.

The previous studies investigating muscle activation in LR variations and frontal raise mainly
recruited subjects with no-specified experience in strength training [6,8,10,11]. It has been shown
that muscle activation for a given exercise is correlated with training experience [13] and possibly
lead to different results. In contrast, competitive bodybuilders have a greater capacity to activate
the agonist muscles while practicing strength exercises [3] and have shown already unique muscle
pattern in bench press variations [14]. Consequently, investigating the differences in muscle activation
across a range of similar exercises in subjects with greater training experience may elicit greater
between-exercise differences in muscle recruitment comparing LR variations and frontal raise.
Remarkably, resistance exercises usually consist of performing both the concentric and eccentric
phases. Interestingly, performing repetitive eccentric phases incur into specific short-term [15,16]
and long-term training-induced effects [1,17,18] compared to concentric-based training. Hence,
examining the muscle activation in LR variations and frontal raise during both the concentric and the
eccentric phase could further differentiate the training stimuli through an accentuation of the concentric
or eccentric phase. To date, only one study investigated the muscle recruitment during the eccentric
phase of isokinetic shoulder abduction, highlighting that overall muscle activation was influenced by
velocity and torque exerted, but no comparison was done with the concentric phase [9]. Therefore,
the present study aimed to examine the muscle activation of deltoid, upper trapezius, the clavicular head
of pectoralis major, and triceps brachii in a range of LR variations (LR-external, LR-neutral, LR-internal,
LR-flexed) and frontal raise during both the concentric and eccentric phase in competitive bodybuilders.

2. Material and Methods

2.1. Study Design

The present investigation was designed as a cross-over, repeated-measures, within-subject study.
The participants were involved in three different sessions. In the first session, the participants were
familiarized with the technique of each selected exercise. In the second session, the load for each
exercise was determined. In the third session, the muscles’ maximum activation was measured;
thereafter, after a minimum of 30 min of passive recovery, the participants performed each exercise in
random order. Each session was separated by at least three days, and the participants were instructed
to avoid any further form of resistance training for the entire duration of the investigation.

2.2. Participants

The present procedures were advertised by the operators during some regional and national
competitions, and, to be included in the study, the participants had to compete in regional competitions
for a minimum of at least 5 years. Additionally, they had to be clinically healthy, without any
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reported history of upper-limb and trunk muscle injury and neurological or cardiovascular disease
in the previous 12 months. To avoid possible confounding factors, the participants competed in the
same weight category (Men’s Classic Bodybuilding <80 kg, <1.70 m), according to the International
Federation of Body Building Pro-League. The use of drugs or steroids was continuously monitored
by a dedicated authority under its regulations, albeit we could have not controlled for it. Thereafter,
10 male competitive bodybuilders (age 29.8 ± 3.0 yrs; body mass 77.9 ± 1.0 kg; stature 1.68 ± 0.01 m;
training seniority 10.6 ± 1.8 yrs) were recruited for the present investigation. The participants were
asked to abstain from alcohol, caffeine, or similar beverages in the 24 h preceding the test. After a full
explanation of the aims of the study and the experimental procedures, the participants signed written
informed consent. They were also free to withdraw at any time. The procedures were approved by the
Ethical Committee of the Università degli Studi di Milano (CE 27/17) and performed in accordance
with the Declaration of Helsinki (1975) for studies involving human subjects.

2.3. Maximus Voluntary Isometric Activation

The maximal voluntary isometric activation of anterior deltoid, medial deltoid, posterior deltoid,
the clavicular head of pectoralis major, upper trapezius, and lateral head of triceps brachii was measured
in random order. The electrodes placement followed the SENIAM (surface electromyography for
the non-invasive assessment of muscles) recommendations [19]. The surface electromyographic
(sEMG) electrode for the anterior deltoid was placed over the mid-belly of the muscle approximately
4 cm below the clavicle [19]. The medial deltoid had 2 electrodes placed on the lateral aspect of the
deltoid, 3 cm below the acromion process [19]. For posterior deltoid, the electrodes were placed in the
area about two fingerbreadths behind the angle of the acromion [19]. The sEMG electrodes for the
clavicular head of the pectoralis major were placed on the midclavicular line, midway between the
acromioclavicular joint of the shoulder for the clavicular head [19]. For upper trapezius, the electrodes
were placed at 50% on the line from the acromion to the spine on vertebra C7 [19]. For the lateral
head of triceps brachii, the electrodes were placed at 50% on the line between the posterior crista of
the acromion and the olecranon at two finger widths lateral to the line [19]. The electrodes were
placed on the dominant limb [14]. To check for appropriate electrodes placement previous procedures
were followed [14]. For example, if the electrode shifted over the innervation zone during part of
the movement, the EMG amplitude was underestimated. Therefore, to check for any consequence
due to a possible shift of the surface electrode over the innervation zone, a Fast-Fourier Transform
approach was used, as suggested in a previous investigation [20]. Briefly, the electrode placement on
each muscle was checked during the warm-up phase of each exercise, analyzing the power spectrum
profile of the sEMG signal recorded at the starting-, middle-, and end-point of each exercise in all
muscles. The correct electrode placement results in a typical belly-shaped power spectrum profile of
the EMG signal, while noise, motion artifacts, power lines, and electrodes placed on the innervation
zone or myotendinous junction generate a different power spectrum profile [20]. If the power spectrum
did not match with the typical belly-shaped power spectrum profile in any of the temporal points,
the electrodes were repositioned, and the procedures repeated so to have a clear EMG signal from
all the muscles throughout the movement. The same experienced operator placed the electrodes and
checked the power-spectrum profile. This approach was shown to provide very high reliability in
sEMG data [14].

To determine the maximal voluntary activation of all selected muscles, the participants were
asked to exert their maximal force against unmovable or manual resistance. For the anterior deltoid,
the participants were instructed to flex the elbow to 90◦ so that the hand was pointed upwards. Then,
they were asked to make a closed fist with the hand of the flexed arm and to provide maximal force
to produce shoulder flexion against manual resistance [14]. For the medial deltoid, the participants
were instructed to flex the elbow to 90◦ and were asked to maximally abduct the flexed arm against
manual resistance [14]. For the posterior deltoid, the participants were asked to abduct the shoulder in a
slight extension against manual resistance, with the humerus in slight internal rotation [19]. For upper
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trapezius, the participants were instructed to elevate the acromial end of the clavicula and scapula
against unmovable resistance pushing downward [19]. For the clavicular head of the pectoralis major,
the participants were instructed to horizontally abduct the arm with the shoulder and elbow flexed
at 90◦. Then, they provided maximal force while attempting to horizontally adduct the arm against
unmovable resistance [14]. For the lateral head of triceps brachii, the participants were instructed to
extend the elbow against unmovable resistance toward the elbow flexion [19]. Each attempt lasted 5 s,
and three attempts were completed for each movement interspersed by 3 min of passive recovery [14].
The operators provided strong standardized verbal encouragement.

The electrodes were equipped with a probe (probe mass: 8.5 g, BTS Inc., Milano, Italy) that
permitted the detection and the transfer of the sEMG signal by wireless modality. sEMG signal
was acquired at 1000 Hz, amplified (gain: 2000, impedance and the common rejection mode ratio
of the equipment are >1015 Ω//0.2 pF and 60/10 Hz 92 dB, respectively), and driven to a wireless
electromyographic system (FREEEMG 300, BTS Inc., Milano, Italy) that digitized (1000 Hz) and filtered
(filter type: IV-order Butterworth filter; bandwidth: 10–500 Hz) the raw sEMG signals.

2.4. Exercise Protocols

Given the nature of each exercise and to avoid any possible involvement of muscles not directly
involved in the movement during the exercise execution (e.g., lumbar muscles), each exercise was
performed seated with a load that allowed eight repetitions (i.e., 8-RM). The 8-RM was determined,
incrementing the load in accordance with previous procedures [21,22]. Once the 8-RM was determined,
the participants performed six repetitions for each exercise to avoid the effects of fatigue on the sEMG
signal [14]. Each exercise was performed with the pacing of 2 s for the concentric and 2 s for the eccentric
phase and 0.5 s for the isometric phase at the beginning and at the end of each movement. A metronome
was used to pace the intended duty cycle, and a camera was used to provide feedback about each
exercise technique. A standardized warm-up consisting of 10 clockwise + 10 counterclockwise arms
circling preceded the data collection.

All exercises were performed avoiding any movement in elbow and wrist flexion/extension or wrist
pronation/supination. For LR-external, the participants were required to abduct laterally the humerus up
to 90◦, with humerus externally rotated (i.e., thumbs up). For LR-neutral, the participants were required
to abduct laterally the humerus up to 90◦, with the humerus neutrally rotated (i.e., thumbs forward).
For LR-internal, the participants were required to abduct laterally the humerus up to 90◦, with the
humerus internally rotated (i.e., thumbs down). For frontal raise, the participants were required to
frontally flex the humerus up to 90◦, with humerus neutrally rotated (i.e., thumb-to-thumb). For all
these exercises, the elbow was almost fully extended, and the wrist in line with the forearm [11].
For LR-flexed, the participants were required to abduct laterally the humerus up to 90◦, with the elbow
flexed at 90◦ and the humerus neutrally rotated (i.e., thumb-to-thumb). A schematic representation of
the technique of each exercise is depicted in Figure 1.
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Figure 1. A schematic representation of the technique of each exercise is shown.

2.5. Data Analysis

The sEMG signals from both the maximal voluntary isometric activation and separately from the
concentric and eccentric phases of each exercise were analyzed in time-domain, using a 25-ms mobile
window for the computation of the root mean square (RMS). For the maximal voluntary isometric
activation, the average of the RMS corresponding to the central 2 s was considered. During each
exercise, the RMS was calculated and averaged separately over the 2 s of the concentric and eccentric
phase. Out of the six repetitions, we excluded the first and the last to avoid any possible confounding
factor related to the beginning and the end of each set and to further exclude any symptom of fatigue.
Thereafter, the sEMG RMS of each muscle during each exercise was normalized for its respective
maximal voluntary isometric activation [13,14,23,24] and inserted into the data analysis.

2.6. Statistical Analysis

The statistical analysis was performed using statistical software (SPSS 22.0, IBM, Armonk, NY, USA).
The normality of data was checked using the Shapiro–Wilk’s test, and all distributions were normal.
Descriptive statistics are reported as mean (SD). The intrasession sEMG RMS reliability was calculated
using an intra-class coefficient (ICC), and the standard error of the measurement expressed as percentage
variability (SEM%) for each muscle maximum voluntary isometric activation and for the concentric
and eccentric phase of each exercise comparing the second and the fifth repetition. The ICC was
interpreted as follows: ≥0.90: very high; 0.89–0.70: high; 0.69–0.50: moderate. The differences in the
normalized sEMG RMS were separately calculated for each muscle between the exercise (LR-external,
LR-neutral, LR-internal, frontal raise, and LR-flexed) and phase (2 levels: concentric and eccentric)
using a two-way ANOVA. Multiple comparisons were adjusted using the Bonferroni’s correction.
Significance was set at p < 0.05. Eta squared (η2) and partial η2 were calculated to estimate the
degree of variance of the dependent factor due to the independent factors and interpreted as follows:
<0.059: small; 0.06 to 0.12: medium; >0.13: large [25]. The Cohen’s d effect size (ES) with 95% confidence
interval (CI) was reported for significant pairwise comparisons and interpreted according to the
Hopkins’ recommendations: 0–0.19: trivial; 0.20–0.59: small; 0.60–1.19: moderate; 1.20–1.99: large;
≥2.00:‘very large [26].

3. Results

The intrasession reliability of the sEMG RMS signal for muscle maximum voluntary isometric
activation and for the concentric and eccentric phase of each exercise is provided in Table 1. ICC and
SEM% during the maximum activation ranged from 0.878 to 0.927 and 2.7% to 6.6%, respectively.
During each exercise, ICC and SEM% were comprised between 0.795 and 0.904 and between 5.4% and
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8.7% during the concentric phase, whereas spanned from 0.798 to 0.903 and 5.2% to 8.5% during the
eccentric phase.

Table 1. Intrasession reliability (ICC and SEM%) of surface electromyography root mean square value
calculated during the maximum voluntary isometric test and during the concentric and eccentric phase
of each exercise.

Maximum Voluntary Isometric Activation
Muscle Activation During Exercises (2nd vs. 5th Rep)

Concentric Phase Eccentric Phase

Muscle Trial Min (m ± SD) Trial Max (m ± SD) ICC SEM% ICC
(Min–Max)

SEM%
(Min–Max)

ICC
(Min–Max)

SEM%
(Min–Max)

Anterior
deltoid 0.885 ± 0.148 0.891± 0.103 0.927 3.8 0.803–0.856 5.4–6.3 0.829–0.849 5.5–5.8

Medial
deltoid 0.760 ± 0.116 0.782 ± 0.134 0.893 5.3 0.795–0.836 6.6–7.3 0.811–0.868 5.9–7.0

Posterior
deltoid 0.616 ± 0.121 0.637 ± 0.109 0.931 4.8 0.826–0.901 5.8–7.7 0.832–0.892 6.0–7.5

Pectoralis
major 0.801 ± 0.112 0.820 ± 0.115 0.878 4.9 0.811–0.843 5.5–6.1 0.798–0.857 5.3–6.4

Upper
trapezius 0.617 ± 0.104 0.626 ± 0.09 0.921 2.7 0.839–0.904 4.9–6.3 0.832–0.890 5.2–6.5

Triceps
brachii 0.493 ± 0.118 0.529 ± 0.112 0.913 6.6 0.849–0.893 7.4–8.7 0.856–0.903 7.0–8.5

ICC, intraclass correlation coefficient; SEM%, standard error of measurement as percentage; m, mean; SD,
standard deviation.

The sEMG RMS amplitude for anterior deltoid is shown in Figure 2. Exercise × phase interaction
(p < 0.001, F = 493.3, η2 = 0.998) was found. With the exception of the LR-neutral, greater (p < 0.05,
F = 388.6, partial η2 = 0.982) sEMG RMS was found during the concentric vs. eccentric phase in all
other exercises. During the concentric phase, sEMG RMS was greater in frontal raise compared with
LR-external (ES: 1.78, from 0.63 to 2.73), LR-neutral (ES: 5.30, from 3.27 to 6.87), LR-internal (ES: 6.72,
from 4.26 to 6.82), and LR-flexed (ES: 1.95, from 0.81 to 2.91). LR-external showed greater sEMG RMS
than LR-neutral (ES: 4.68, from 3.20 to 5.91), LR-internal (ES: 6.84, from 4.82 to 8.48), and LR-flexed (ES:
0.82, from 0.05 to 1.84). LR-flexed showed greater EMG RMS than LR-neutral (ES: 4.68, from 2.84 to 6.13)
and LR-internal (ES: 6.84, from 4.34 to 8.76). During the eccentric phase, sEMG RMS in LR-external
and LR-neutral was greater than LR-internal (ES: 13.04, from 8.72 to 16.46 and 10.66, from 6.92 to
13.49, respectively), frontal raise (ES: 5.94, from 3.72 to 7.95 and 4.31, from 2.68 to 5.68, respectively),
and LR-flexed (ES: 6.19, from 3.89 to 7.97 and 3.88, from 2.27 to 5.17, respectively). Frontal raise and
LR-flexed had greater sEMG RMS than LR-internal (ES: 2.55, from 1.28 to 3.60 and 5.70, from 3.55 to
7.37, respectively). No further difference was observed.

The sEMG RMS amplitude for medial deltoid is shown in Figure 2. Exercise × phase interaction
(p = 0.002, F = 35.7, η2 = 0.973) was found. With the exception of LR-internal, greater (p < 0.05, F = 380.8,
partial η2 = 0.982) sEMG RMS was found during the concentric vs. eccentric phase. During the
concentric phase, sEMG RMS was greater in LR-neutral than LR-external (ES: 1.47, from 0.43 to 2.38),
frontal raise (ES: 10.28, from 6.67 to 13.01), and LR-flexed (ES: 6.41, from 4.04 to 8.23). Both LR-external
and LR-internal had greater sEMG RMS than frontal raise (ES: 11.20, from 7.29 to 14.17 and ES: 8.00,
from 5.13 to 10.19, respectively) and LR-flexed (ES: 8.10, from 5.20 to 10.32 and ES: 4.17, from 2.48 to
5.51, respectively). LR-flexed showed greater sEMG RMS than frontal raise (ES: 8.10, from 5.20 to
11.00). During the eccentric phase, LR-internal showed greater sEMG RMS than LR-external (ES: 9.32,
from 6.03 to 11.83), LR-neutral (ES: 7.85, from 5.03 to 10.01), frontal raise (ES: 17.69, from 11.62 to 22.26),
and LR-flexed (ES: 7.39, from 4.71 to 9.44). Both LR-neutral and LR-flexed had greater sEMG RMS than
LR-external (ES: 4.58, from 2.77 to 6.00 and ES: 2.53, from 1.27 to 2.58, respectively) and frontal raise
(ES: 15.62, from 6.88 to 22.19 and ES: 13.60, from 8.89 to 17.15, respectively). LR-external showed greater
sEMG RMS than frontal raise (ES: 10.50, from 6.82 to 13.30). No further difference was observed.
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The sEMG RMS amplitude for posterior deltoid is shown in Figure 2. Exercise × phase interaction
(p < 0.001, F = 234.4, η2 = 0.996) was found. Whatever the exercise, greater (p < 0.05, F = 151.9,
partial η2 = 0.995) sEMG RMS was found during the concentric vs. eccentric phase. During both the
concentric and eccentric phase, LR-internal showed greater sEMG RMS compared with LR-external
(ES: 16.48, from 10.72 to 20.86 and ES: 5.36, from 3.31 to 6.95, respectively), LR-neutral (ES: 10.34,
from 6.71 to 13.09 and ES: 5.13, from 3.16 to 6.67, respectively), frontal raise (ES: 20.72, from 13.63
to 26.05 and ES: 12.28, from 6.01 to 18.51, respectively), and LR-flexed (ES: 11.41, from 7.43 to 14.42
and ES: 6.04, from 3.79 to 7.78, respectively). During both concentric and eccentric phase, LR-neutral
showed greater sEMG RMS than LR-external (ES: 8.69, from 5.60 to 11.05 and ES: 1.51, from 0.46 to 2.43
respectively), frontal raise (ES: 14.74, from 9.66 to 18.58 and ES: 10.21, from 6.62 to 14.93, respectively),
and LR-flexed (ES: 1.80, from 0.69 to 2.75 and ES: 1.89, from 0.77 to 2.85, respectively). During the
concentric phase, LR-flexed showed greater sEMG RMS than LR-external (ES: 6.65, from 4.21 to
8.82) and frontal raise (ES: 12.99, from 8.49 to 16.39), and LR-external had greater sEMG RMS than
frontal raise (ES: 7.55, from 4.82 to 9.63). During the eccentric phase, both LR-external and LR-flexed
showed greater sEMG RMS than frontal raise (ES: 5.99, from 3.75 to 7.92 and ES: 6.89, from 4.37 to 8.82,
respectively). No further difference was observed.

The sEMG RMS amplitude for upper trapezius is shown in Figure 2. Exercise × phase interaction
(p = 0.002, F = 37.3, η2 = 0.974) was found. Whatever the exercise, greater (p < 0.05, F = 165.8,
partial η2 = 0.996) sEMG RMS was found during the concentric vs. eccentric phase. During the
concentric phase, sEMG RMS was greater in LR-internal compared with LR-external (ES: 5.43,
from 3.37 to 7.04), LR-neutral (ES: 3.86, from 2.26 to 5.14), frontal raise (ES: 7.18, from 4.97 to 9.18),
and LR-flexed (ES: 2.66, from 1.36 to 3.72). LR-flexed had greater sEMG RMS than LR-external (ES: 3.72,
from 2.15 to 4.97) and frontal raise (ES: 6.03, from 3.78 to 7.77). Both LR-external and LR-neutral
had greater sEMG RMS than frontal raise (ES: 3.44, from 1.95 to 4.63 and ES: 3.65, from 2.10 to 4.89,
respectively). During the eccentric phase, both LR-internal and LR-flexed had greater sEMG RMS
compared with LR-external (ES: 6.50, from 4.11 to 8.34 and ES: 7.11, from 4.53 to 9.10, respectively),
LR-neutral (ES: 8.15, from 5.23 to 10.38 and ES: 9.26, from 5.98 to 11.75, respectively), and frontal
raise (ES: 5.84, from 3.65 to 7.54 and ES: 5.83, from 3.65 to 7.53, respectively). No further difference
was observed.

The sEMG RMS amplitude for pectoralis major is shown in Figure 2. Exercise × phase interaction
(p < 0.001, F = 111.4, η2 = 0.999) was found. Whatever the exercise, greater (p < 0.05, F = 115.2,
partial η2 = 0.996) sEMG RMS was found during the concentric vs. eccentric phase. During the
concentric phase, sEMG RMS was very largely greater in frontal raise compared with LR-external
(ES: 21.31, from 14.03 to 26.70), LR-neutral (ES: 29.90, from 19.72 to 37.55), LR-internal (ES: 30.39,
from 20.04 to 38.16), and LR-flexed (ES: 34.21, from 22.57 to 42.96). During the eccentric phase,
sEMG RMS of clavicular was very largely greater in frontal raise compared with LR-external (ES: 11.61,
from 7.57 to 14.68), LR-neutral (ES: 11.01, from 7.16 to 13.92), LR-internal (ES: 12.46, from 8.13 to 15.74),
and LR-flexed (ES: 12.36, from 8.07 to 15.61). No further difference was observed.

The sEMG RMS amplitude for triceps brachii is shown in Figure 2. Exercise × phase interaction
was found (p = 0.003, F = 28.2, η2 = 0.966). Whatever the exercise, greater (p < 0.05, F = 229.0,
partial η2 = 0.970) sEMG RMS was found during the concentric vs. eccentric phase. sEMG RMS was
greater in LR-internal during the concentric and eccentric phase compared with LR-external (ES: 2.54,
from 1.28 to 3.59 and ES: 5.81, from 3.63 to 7.50, respectively), LR-neutral (ES: 1.17, from 0.17 to 2.06
and ES: 4.45, from 2.67 to 5.84, respectively), frontal raise (ES: 3.31, from 1.86 to 4.49 and ES: 17.07,
from 11.21 to 21.49, respectively), and LR-flexed (ES: 0.91, from 0.09 to 1.78 and ES: 6.73, from 4.26 to
8.62, respectively). During the concentric phase, LR-external and LR-flexed showed greater sEMG
RMS than LR-external (ES: 3.98, from 2.66 to 5.08 and ES: 3.78, from 2.50 to 4.85, respectively) and
frontal raise (ES: 3.29, from 2.12 to 4.29 and ES: 3.66, from 2.41 to 4.71, respectively). LR-external
had greater sEMG RMS than frontal raise (ES: 2.02, from 1.09 to 2.84). During the eccentric phase,
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sEMG RMS was greater in LR-external (ES: 6.93, from 4.40 to 8.87), LR-neutral (ES: 8.81, from 5.86 to
11.20), and LR-flexed (ES: 5.85, from 3.66 to 7.55) vs. frontal raise. No further difference was observed.

4. Discussion

The present study investigated the sEMG RMS in several agonist muscles in a range of shoulder
raise exercises during the concentric and eccentric phase of each exercise. During the concentric phase,
sEMG RMS in anterior deltoid was greater during frontal raise and LR-external. Medial deltoid was
more active during the lateral raises, particularly when the humerus had a neutral or internal rotation.
Posterior deltoid had greater sEMG RMS in LR-internal compared with all other exercises. Upper trapezius
had greater sEMG RMS during LR-internal compared with all other exercises. The clavicular head
of the pectoralis major was more active during frontal raise compared with all other exercises. Lastly,
the lateral head of triceps brachii was more active in LR-internal compared with all other exercises.
Although this muscle activity pattern was overall similar during the eccentric phase, anterior deltoid
had similar activation in LR-external and LR-neutral and medial deltoid in LR-internal compared with
all other exercises. The present findings showed unique muscle activation for each LR variations and
frontal raise. Practitioners should thus select these exercises depending on the shoulders muscles that
need to be activated at each occasion.

LR-external, LR-neutral, and LR-internal are performed abducting the humerus, which is rotated,
respectively, externally, neutrally, or internally for the entire range of motion. For LR-external,
the present results showed that the deltoids sEMG RMS was ~80% in anterior, > ~48% in medial, > ~36%
in the posterior head. For LR-neutral, sEMG RMS was similar in medial and posterior (~55% and ~52%),
but lower in anterior deltoid (~36%). For LR-internal, sEMG RMS was ~85% in posterior, ~52% in medial,
and ~34% in anterior deltoid, in line with previous results [10]. Although anterior, medial, and posterior
deltoids act synergistically as humerus abductors on the frontal plane, anterior deltoid is an internal,
while posterior deltoid is an external rotator of the humerus [5]. The internal or external rotation of
the humerus generates an increment in moment arm for posterior and anterior deltoid, respectively,
thus increasing their activity [5]. Additionally, bi-articular muscles show greater sEMG RMS at long
compared with short muscle length [27,28], possibly because of changes in moment arm and muscle
architecture [29], modifications in both spinal and supraspinal mechanisms [30], or also changes in
the characteristics of motoneurons pool when a muscle is lengthened [28]. Interestingly, although a
computational study found that the humerus rotation could have led to negligible differences, here,
the present competitive bodybuilders might have been able to increase the muscle activation for
each exercise [3]. Therefore, the present results seemed to confirm the data reported in the literature.
It should be noted that, during the eccentric phase, anterior deltoid showed similar sEMG RMS in
LR-external vs. LR-neutral, possibly because of the greater control needed to decelerate the humerus,
as reported previously [9]. Similarly, during the eccentric phase, the greatest medial deltoid activity
was found in LR-internal, which possibly needs greater control [8]. The triceps brachii activation was
overall greater in LR-internal > LR-neutral > LR-external. The greater the internal rotation of the
humerus, the greater the weight of the forearm + wrist + dumbbell system becomes against the gravity.
Indeed, the internal rotation of the humerus lets the elbow’s mobility be free against the gravity,
whereas the external rotation puts the elbow’s extension in favor of the gravity, fixing the elbow joint.
Therefore, because all exercises were performed at a fixed elbow angle, triceps brachii increased its
elbow-stabilizer role when rotating internally the humerus. The internal rotation of the humerus also
increased the role of upper trapezius in LR-internal > LR-neutral/LR-external. Indeed, when rotating
internally the humerus, the scapulae are elevated and rotated upward [11], thus augmenting the upper
trapezius activity. Lastly, the clavicular head of the pectoralis major showed similar low activity in all LR
variations, indicating that it plays a marginal role when the humerus is abducted laterally.

LR-flexed, compared to the other LR variations, was performed with the flexed elbow at 90◦,
and the humerus rotated neutrally. However: (i) the length of the lever on the frontal plane was shorter
than the other LR-variations, and (ii) the forearm was placed forward on the sagittal plane. Firstly,



Int. J. Environ. Res. Public Health 2020, 17, 6015 10 of 12

considering the point (i), the sEMG RMS of medial deltoid was hence lower compared to the other LR
variations, where the arm was lifted almost straight on the frontal plane, increasing the length of the
lever. Secondly, considering the point (ii), the forearm placed forward on the sagittal plan increased
the activity of anterior deltoid as frontal humerus flexors. Indeed, greater sEMG RMS compared to
LR-neutral and LR-internal was found here. Moreover, because of the forward weight that leads the
humerus to rotate internally, the posterior deltoid had to counteract as an external rotator, thus stabilizing
the rotation of the humerus [29]. Therefore, the sEMG RMS was similar to LR-neutral and greater
than LR-external. Such an internal rotation of the humerus also led to elevate the external rotation
of the scapulae [5], so that upper trapezius was more active during both the concentric and eccentric
phase compared to LR-external and LR-neutral. It should be also noted that the flexed elbow increased
the muscle length at which triceps brachii had to contract to stabilize the elbow joint [27]. This might
have led to similar and greater sEMG RMS in LR-flexed compared with LR-neutral and LR-external,
respectively, in line with previous results [27]. Lastly, the clavicular head of the pectoralis major seemed
to play a marginal role in LR-flexed, as pointed out by the low level of activation.

Frontal raise was performed on the sagittal plane, lifting up the upper limb in neutral rotation
by a frontal flexion, with a straight elbow. As a whole, frontal raise appears to mainly require the
activation of the anterior deltoid and the clavicular head of the pectoralis major. Indeed, both muscles
showed the greatest activity compared with all the remaining exercises. In line, when the humerus
moved towards a flexion across the sagittal plane, the sEMG RMS in anterior deltoid and the clavicular
head of the pectoralis major was reported to increase [14]. In contrast, given the low activation level
recorded here, both medial and posterior deltoids appeared to play a negligible role in frontal raise, in line
with previous results [9]. Upper trapezius showed relatively low activity, possibly because, when flexing
the humerus, the scapulae tend to rotate internally and to be depressed [11]. Interestingly, albeit the
least active compared with all exercises during the concentric phase, the sEMG RMS in upper trapezius
was similar to LR-external and LR-neutral during the eccentric phase. This might depend on the need
to stabilize the scapula when the upper limb was accelerating downward, as previously reported [9].
Lastly, triceps brachii showed poor activation, possibly due to the neutral humerus rotation that per se
stabilized the elbow joint on the craniocaudal axis.

Some limitations accompany the present procedures. Firstly, the data shown are specific for the
population involved and the technical requirements provided to perform each exercise. Nonetheless,
although it is acknowledged that different populations may result in different findings, the present
population made us confident about the goodness of the technique and muscle recruitment. Similarly,
even though greater load could result in different outcomes, this may also reduce the quality of the
technique execution for each exercise, and we are confident that here the load was suitable for the
population. Moreover, although a dedicated authority continuously monitored the use of steroids,
we could not have controlled for, and we do not know how the possible use of steroids would affect
muscle activation. Lastly, some authors have divided deltoid muscle into seven different parts [31].
However, sEMG was not able to distinguish each of them, so we made the traditional 3-part subdivision.

5. Conclusions

In conclusion, different LR variations and frontal raise had unique muscle recruitment when
performed by competitive bodybuilders. Concerning LR, anterior deltoid increased its activity when
the humerus was rotated externally, while posterior deltoid when the humerus was rotated internally.
Medial deltoid was more active during LR with straight vs. flexed elbow. Frontal raise strongly recruited
anterior deltoid and the clavicular head of pectoralis major. Triceps brachii was involved in stabilizing the
elbow, and greater activity occurred when the humerus was rotated internally or the elbow was flexed.
Lastly, upper trapezius showed greater activity when humerus tended to be rotated internally.

Author Contributions: Conceptualization: G.C., F.E., and E.C.; Data collection: G.T. and S.L.; Data analysis: G.T.;
Original draft preparation: G.C. and E.C.; Writing, review, and editing: G.C., G.T., S.L., F.E., and E.C. All authors
have read and agreed to the final version of the manuscript.



Int. J. Environ. Res. Public Health 2020, 17, 6015 11 of 12

Funding: This research received no external funding.

Acknowledgments: The authors are grateful to the participants that volunteered for the present procedures.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Coratella, G.; Schena, F. Eccentric resistance training increases and retains maximal strength,
muscle endurance, and hypertrophy in trained men. Appl. Physiol. Nutr. Metab. 2016, 41, 1184–1189.
[CrossRef] [PubMed]

2. Jakobsen, M.D.; Sundstrup, E.; Andersen, C.H.; Persson, R.; Zebis, M.K.; Andersen, L.L. Effectiveness of
Hamstring Knee Rehabilitation Exercise Performed in Training Machine vs. Elastic Resistance. Am. J. Phys.
Med. Rehabil. 2014, 93, 320–327. [CrossRef] [PubMed]

3. Maeo, S.; Takahashi, T.; Takai, Y.; Kanehisa, H. Trainability of Muscular Activity Level during Maximal
Voluntary Co-Contraction: Comparison between Bodybuilders and Nonathletes. PLoS ONE 2013, 8, e79486.
[CrossRef] [PubMed]

4. Hackett, D.A.; Johnson, N.A.; Chow, C.-M. Training practices and ergogenic aids used by male bodybuilders.
J. Strength Cond. Res. 2013, 27, 1609–1617. [CrossRef]

5. Escamilla, R.F.; Yamashiro, K.; Paulos, L.; Andrews, J.R. Shoulder muscle activity and function in common
shoulder rehabilitation exercises. Sport. Med. 2009, 39, 663–685. [CrossRef]

6. Hawkes, D.H.; Khaiyat, O.A.; Howard, A.J.; Kemp, G.J.; Frostick, S.P. Patterns of muscle coordination during
dynamic glenohumeral joint elevation: An EMG study. PLoS ONE 2019, 14, e0211800. [CrossRef]

7. Hik, F.; Ackland, D.C. The moment arms of the muscles spanning the glenohumeral joint: A systematic
review. J. Anat. 2019, 234, 1–15. [CrossRef]

8. Castillo-Lozano, R.; Cuesta-Vargas, A.; Gabel, C.P. Analysis of arm elevation muscle activity through different
movement planes and speeds during in-water and dry-land exercise. J. Shoulder Elb. Surg. 2014, 23,
159–165. [CrossRef]

9. Park, S.; Nho, H.; Chang, M.J.; Kim, J.K. Electromyography activities for shoulder muscles over various
movements on different torque changes. Eur. J. Sport Sci. 2012, 12, 408–417. [CrossRef]

10. Reinold, M.M.; Macrina, L.C.; Wilk, K.E.; Fleisig, G.S.; Dun, S.; Barrentine, S.W.; Ellerbusch, M.T.; Andrews, J.R.
Electromyographic analysis of the supraspinatus and deltoid muscles during 3 common rehabilitation
exercises. J. Athl. Train. 2007, 42, 464–469. [CrossRef]

11. Reed, D.; Cathers, I.; Halaki, M.; Ginn, K.A. Does changing the plane of abduction influence shoulder muscle
recruitment patterns in healthy individuals? Man. Ther. 2016, 21, 63–68. [CrossRef] [PubMed]

12. Schoenfeld, B.J.; Vigotsky, A.; Contreras, B.; Golden, S.; Alto, A.; Larson, R.; Winkelman, N.; Paoli, A.
Differential effects of attentional focus strategies during long-term resistance training. Eur. J. Sport Sci. 2018,
18, 705–712. [CrossRef] [PubMed]

13. Calatayud, J.; Vinstrup, J.; Jakobsen, M.D.; Sundstrup, E.; Carlos, J.; Lars, C. Mind—Muscle connection
training principle: Influence of muscle strength and training experience during a pushing movement. Eur. J.
Appl. Physiol. 2017, 117, 1445–1452. [CrossRef] [PubMed]

14. Coratella, G.; Tornatore, G.; Longo, S.; Esposito, F.; Cè, E. Specific prime movers’ excitation during free-weight
bench press variations and chest press machine in competitive bodybuilders. Eur. J. Sport Sci. 2019, 1–9.
[CrossRef] [PubMed]

15. Coratella, G.; Bertinato, L. Isoload vs isokinetic eccentric exercise: A direct comparison of exercise-induced
muscle damage and repeated bout effect. Sport Sci. Health 2015, 11, 87–96. [CrossRef]

16. Coratella, G.; Chemello, A.; Schena, F. Muscle damage and repeated bout effect induced by enhanced
eccentric squats. J. Sports Med. Phys. Fit. 2016, 56, 1540–1546.

17. Coratella, G.; Milanese, C.; Schena, F. Unilateral eccentric resistance training: A direct comparison between
isokinetic and dynamic constant external resistance modalities. Eur. J. Sport Sci. 2015, 15, 720–726. [CrossRef]

18. Coratella, G.; Milanese, C.; Schena, F. Cross-education effect after unilateral eccentric-only isokinetic vs
dynamic constant external resistance training. Sport Sci. Health 2015, 11, 329–335. [CrossRef]

19. Hermens, H.J.; Freriks, B.; Disselhorst-Klug, C.; Rau, G. Development of recommendations for SEMG sensors
and sensor placement procedures. J. Electromyogr. Kinesiol. 2000, 10, 361–374. [CrossRef]

http://dx.doi.org/10.1139/apnm-2016-0321
http://www.ncbi.nlm.nih.gov/pubmed/27801598
http://dx.doi.org/10.1097/PHM.0000000000000043
http://www.ncbi.nlm.nih.gov/pubmed/24398577
http://dx.doi.org/10.1371/journal.pone.0079486
http://www.ncbi.nlm.nih.gov/pubmed/24260233
http://dx.doi.org/10.1519/JSC.0b013e318271272a
http://dx.doi.org/10.2165/00007256-200939080-00004
http://dx.doi.org/10.1371/journal.pone.0211800
http://dx.doi.org/10.1111/joa.12903
http://dx.doi.org/10.1016/j.jse.2013.04.010
http://dx.doi.org/10.1080/17461391.2011.566375
http://dx.doi.org/10.1016/s0162-0908(08)79368-1
http://dx.doi.org/10.1016/j.math.2015.04.014
http://www.ncbi.nlm.nih.gov/pubmed/25920341
http://dx.doi.org/10.1080/17461391.2018.1447020
http://www.ncbi.nlm.nih.gov/pubmed/29533715
http://dx.doi.org/10.1007/s00421-017-3637-6
http://www.ncbi.nlm.nih.gov/pubmed/28500415
http://dx.doi.org/10.1080/17461391.2019.1655101
http://www.ncbi.nlm.nih.gov/pubmed/31397215
http://dx.doi.org/10.1007/s11332-014-0213-x
http://dx.doi.org/10.1080/17461391.2015.1060264
http://dx.doi.org/10.1007/s11332-015-0244-y
http://dx.doi.org/10.1016/S1050-6411(00)00027-4


Int. J. Environ. Res. Public Health 2020, 17, 6015 12 of 12

20. Merlo, A.; Campanini, I. Technical Aspects of Surface Electromyography for Clinicians. Open Rehabil. J. 2010,
3, 98–109. [CrossRef]

21. Coratella, G.; Beato, M.; Milanese, C.; Longo, S.; Limonta, E.; Rampichini, S.; Cè, E.; Bisconti, A.V.; Schena, F.;
Esposito, F. Specific Adaptations in Performance and Muscle Architecture After Weighted Jump-Squat vs
Body Mass Squat Jump Training in Recreational Soccer Players. J. Strength Cond. Res. 2018, 32, 921–929.
[CrossRef] [PubMed]

22. Coratella, G.; Beato, M.; Cè, E.; Scurati, R.; Milanese, C.; Schena, F.; Esposito, F. Effects of in-season enhanced
negative work-based vs traditional weight training on change of direction and hamstrings-to-quadriceps
ratio in soccer players. Biol. Sport 2019, 36, 241–248. [CrossRef] [PubMed]

23. Contreras, B.; Vigotsky, A.D.; Schoenfeld, B.J.; Beardsley, C.; Cronin, J. A comparison of gluteus maximus,
biceps femoris, and vastus lateralis electromyography amplitude for the barbell, band, and American hip
thrust variations. J. Appl. Biomech. 2016, 32, 254–260. [CrossRef] [PubMed]

24. Calatayud, J.; Vinstrup, J.; Due, M.; Sundstrup, E. Importance of mind—Muscle connection during progressive
resistance training. Eur. J. Appl. Physiol. 2016, 116, 527–533. [CrossRef] [PubMed]

25. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates:
Mahwah, NJ, USA, 1988.

26. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine
and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef] [PubMed]

27. Alves, D.; Matta, T.; Oliveira, L. Effect of shoulder position on triceps brachii heads activity in dumbbell
elbow extension exercises. J. Sports Med. Phys. Fit. 2018, 58, 1247–1252. [CrossRef]

28. Lanza, M.B.; Balshaw, T.G.; Folland, J.P. Do changes in neuromuscular activation contribute to the knee
extensor angle—Torque relationship? Exp. Physiol. 2017, 102, 962–973. [CrossRef]

29. Murray, W.M.; Buchanan, T.S.; Delp, S.L. The isometric functional capacity of muscles that cross the elbow.
J. Biomech. 2000, 33, 943–952. [CrossRef]

30. Papaiordanidou, M.; Mustacchi, V.; Stevenot, J.D.; Vanoncini, M.; Martin, A. Spinal and supraspinal
mechanisms affecting torque development at different joint angles. Muscle Nerve 2016, 53, 626–632. [CrossRef]

31. Sakoma, Y.; Sano, H.; Shinozaki, N.; Itoigawa, Y.; Yamamoto, N.; Ozaki, T.; Itoi, E. Anatomical and functional
segments of the deltoid muscle. J. Anat. 2011, 218, 185–190. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2174/1874943701003010098
http://dx.doi.org/10.1519/JSC.0000000000002463
http://www.ncbi.nlm.nih.gov/pubmed/29420390
http://dx.doi.org/10.5114/biolsport.2019.87045
http://www.ncbi.nlm.nih.gov/pubmed/31624418
http://dx.doi.org/10.1123/jab.2015-0091
http://www.ncbi.nlm.nih.gov/pubmed/26695353
http://dx.doi.org/10.1007/s00421-015-3305-7
http://www.ncbi.nlm.nih.gov/pubmed/26700744
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
http://dx.doi.org/10.23736/S0022-4707.17.06849-9
http://dx.doi.org/10.1113/EP086343
http://dx.doi.org/10.1016/S0021-9290(00)00051-8
http://dx.doi.org/10.1002/mus.24895
http://dx.doi.org/10.1111/j.1469-7580.2010.01325.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Design 
	Participants 
	Maximus Voluntary Isometric Activation 
	Exercise Protocols 
	Data Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

