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Introduction

The bench press (BP) is a widely known resistance exercise 
that is considered one of the best for improving upper 
body strength and power1. Furthermore, it is a powerlifting 
discipline that hosts World and European championships2-4, 
as well as several other authors5 have confirmed that four 
muscle groups are primarily activated during this exercise: 
the pectoralis major (PM), the anterior deltoid (AD), the long 
(TBLong) and lateral (TBLat) head of the triceps brachii.

The crucial aspect of mastering any movement is to 
reprogram the central nervous system to educate the neuro-

muscular system appropriate mechanics while eliminating 
faulty recruitment patterns. This requires proper execution 
combined with frequent practice to consistently develop 
the appropriate neural pathways and motor patterns. The 
principle underlying motor learning and motor control is 
neuromuscular plasticity. This refers to the fact that the 
central nervous system (CNS) is highly pliable and adaptive 
to movement patterns performed during training. In 
simple terms, the body will gradually adjust and change its 
mechanics based on movement patterns grooved into the 
CNS by specific training techniques6.

The aim of resistance training is to improve the ability of 
a certain muscle or muscle group to generate force under 
specific conditions. Systematic resistance training results 
in increased muscle mass, strength, and size7. Westcott and 
Wayne8 demonstrated the benefits of resistance training on 
mental health, including reducing depressive symptoms, 
increasing psychological and physical self-esteem, and 
improving cognitive abilities8. Traditionally, strength training 
is performed with fixed-resistance equipment, such as free 
weights. However, recent literature suggests that variable 
resistance is a beneficial alternative to constant resistance 
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during exercise9. For instance, Aboodarda et al.10 and Israetel 
et al.11 demonstrated that variable resistance increased 
agonist muscle excitation compared to constant resistance. 
However, this difference was only observed in the parts of the 
movement where variable resistance was greatest. Dunnick 
et al.12 investigated the effect of an unstable external load 
on pectoralis muscle activity. They showed no significant 
differences in the eccentric phase, while the unstable load 
increased pectoral muscle activity during the concentric 
phase compared to performing the exercise under stable 
conditions.

The width of the barbell grip can also affect the change 
in muscle activity. Lehman et al.13 and Barnett et al.14 found 
that a wider grip resulted in greater activity of the pectoralis 
major muscle. Meanwhile, a study by Mausehund et al.15 
showed that a narrow grip resulted in greater activity in the 
triceps brachii and anterior deltoid compared to a wider grip. 
Furthermore, research has shown that a wider grip results in 
an increased external load due to the shorter vertical travel of 
the barbell16,17. Additionally, the angle of the bench may also 
affect the muscle activity of the pectoral girdle, as suggested 
by Stastny et al.3. Moreover, there are EMG differences 
between different variations of the same exercise18 that can 
be also modulated by fatigue19. This can lead to selective 
excitation of different parts of the muscle, resulting in an 
increased number and frequency of recruited motor units. 
Fleck and Krahmer20 suggest that targeted training and 
increased frequency of excitation lead to hypertrophy in 
different areas of the muscle. Barnett et al.14 demonstrated 
greater overall excitation of the pectoral muscle during 
conventional BP. According to Egger21, an incline bench 
angle activates the clavicular part of the pectoral muscle 
more, while decline bench press increases excitation of 
the sternocostal part of the muscle, as noted by Glass and 
Armstrong22 and Coratella et al.23. However, Jagessar et 
al.24 arrived at a different conclusion. Their study found no 
statistically significant differences in pectoral muscle activity 
among the various BP techniques, except for the lower region 
of the muscle in the incline BP, which was significantly lower 
compared to conventional and decline BP.

Research indicates that an increase in external load 
significantly increases muscle activity25 in both novice and 
experienced athletes26. Muscle activity is also dependent on 
the type of muscle contraction, the exercise being performed 
as well as resistance training experience27. excitation of motor 
units varies between beginners and advanced individuals. 
For example, Saeterbakken et al.27 proved that there are 
differences in the activity of the muscles studied in these 
training groups.

The literature describes the changes in muscle activity 
patterns quite well3,25. However, there is a lack of data on the 
changing of the activity pattern during the long-term training 
intervention. Specifically, there is a need to evaluate the least 
active muscle groups and the reduction of activity in the most 
active ones during resistance training. Numerous studies 
have shown that muscle function can be improved through 
corrective exercise strategies that alter movement patterns 

and characteristics. These strategies have been documented 
to be effective in practical applications as well.

Studies have confirmed the beneficial effect of targeted 
resistance training on the least active muscle group27,29,30,31. 
However, there is a lack of information regarding the effect of 
long-term targeted training on the engagement of selected 
muscle groups. The objective of this study was to examine the 
impact of a 10-week targeted resistance training program on 
the activity of the pectoralis major muscle during the bench 
press exercise.

Materials and Methods

Participants

Sixteen men with at least 5 years of strength training 
experience participated in the study. The selection process 
was deliberate. Each subject’s BP technique was at a good 
level, and their one repetition maximum (1RM) was 100 ± 35 
kg. The mean age, weight, and height were 27 ± 7.6 years, 
87.3 ± 10.2 kg, and 179.3 ± 11.2 cm, respectively. The 
participants abstained from all forms of resistance training 
for 72 hours prior to the experiment in order to avoid fatigue. 

Study design

In this study we analysed muscle activity in two groups of 
eight subjects: an experimental group and a control group. We 
evaluated muscle activity through EMG (electromyography) 
before and after 10 weeks of targeted resistance training of 
the pectoralis major. Participants were familiarized with the 
study protocol one week before the start of the study and 
determined their 1RM value according to the protocol of 
Saeterbakken et al.27. During the first day of the experiment, 
the participants underwent a BP protocol and isometric 
MVC contractions to determine the activity pattern of the 
pectoral girdle muscles. To determine sample size, a power 
analysis for a repeated measures ANOVA was performed 
using G*Power 3.1.6. Based on effect sizes reported in 
comparable studies the analysis indicated that a minimum 
of 16 participants would be required for an α of 0.05 and a 
power of 0.80. The 16 participants were randomly divided 
into two groups: experimental and control. Over the course 
of 10 weeks, the experimental group (8 subjects) performed 
targeted training of the pectoralis major (PM) and BP 
training, while the control group (8 subjects) performed BP 
training only. All the measurements were performed in the 
Strength and Power Laboratory of AWF Katowice. The warm-
up before and after 10 weeks of targeted resistance training 
consisted of a general and a specific part. In the first part, 
the subjects exercised on a hand ergometer for 5 minutes 
(with a heart rate of about 130 beats per minute), then they 
performed several strength exercises without external load, 
which included the upper and lower body (push-ups, single 
leg hip-bridges, dead bugs). The specific part consisted of 3 
sets of the BP with a load that allowed them to perform 15, 
10, and 5 repetitions32.

On the first day of the experiment, the peak activity levels of 
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the 3 muscles tested were examined for the right upper limb: 
pectoralis major right (PMR), anterior deltoid right (ADR) and 
triceps brachii longus right (TBR). For all subjects, the right 
limb was the dominant side. To normalize the results, the 
subjects performed two maximum 4-second MVC isometric 
presses for each muscle separately (PM, AD, TBLong) and for 
all muscles together, with a load that did not allow the barbell 
to move (200% of 1RM). The angle between the arm and 
forearm was 90° 33. The average of the two peaks (PEAK) for 
each of the aforementioned muscles was used for statistical 
analysis of MVC. Ten minutes after completing the isometric 
test, participants performed 1 repetition of the BP with a load 
of 85% 1RM. The same procedure was performed after 10 
weeks of targeted training of the pectoralis major muscle for 
both the experimental and control groups.

Training program

The study group underwent a 10-week training program 
for the pectoralis major. The program consisted of three single 
joint exercises, each performed in four sets to concentric 
failure with 10-15 repetitions. The rest interval between 
sets was 90 seconds. Load progression was set at 1.5-2.5% 
of 1RM. During the first training session, the 1RM load was 
determined for each exercise in each participant. During the 
experiment, the subjects completed a total of 30 training 
sessions, with each subject completing 3 sessions per week. 
Additionally, the subjects performed bench press training 
once a week to maintain the correct movement pattern of 
this complex exercise. The exercises for the targeted training 
sessions were selected from the Delavier’s Atlas of Strength 
Training34 and included Machine Chest Flyes, Dumbbell flyes, 
and Cable Chest Flyes. 

Both the experimental and control groups underwent 
bench press training consisting of 5 sets of 8-12 repetitions 
with a load of approximately 75% of 1RM. Load progression 
was set at 2.5 kg per week.

Electromyography

A wireless eight-channel Noraxon TeleMyo system 
(Noraxon USA Inc., Scottsdale, AZ; 1500Hz) was used to 
record and analyse biopotentials from the muscles. Gel 
surface electrodes were placed on the skin surface along 
the course of the muscle fibers, following the SENIAM 
procedure35. A reference electrode was placed on the 
clavicle. The skin was properly prepared for the test by skin 
abrasion with sandpaper, shaving and cleaning with alcohol. 
Muscle activity levels of PM, AD, and TB were analysed for 
both the right and left upper limbs using a filming method 
to identify movement onset and termination on of the 
underlying muscle fiber, according to the recommendations 
of SENIAM35. The EMG signals will be sampled at a rate 
of 1000 Hz. Signals were bandpass filtered with a cut-
off frequency of 8 Hz and 450 Hz, after which the root-
mean-square (RMS) was calculated. Electromyography 
was synchronized with a 2D video recording of the barbell 
track in the vertical plane at 200 Hz and was used for 
identification of the eccentric and concentric part of 
movement. Before determination of the muscle activity 
deficiency, 2-3 s maximum voluntary contraction tests of 
the static isometric activity of each muscle group will be 
performed to normalize the electromyography recordings 
according to the SENIAM35 procedure.

Table 1. Basic descriptive statistics for analysed variables.

Group M CI -95% CI 95% Me Min Max SD Pa S-W

E
PMR -before 69,58 64,64 74,53 71,00 56,00 81,00 7,79 0,76

PMR - after 91,49 86,36 96,62 94,43 73,72 103,10 8,07 0,14

C
PMR -before 67,75 63,51 71,99 68,50 57,00 79,00 6,68 0,25

PMR - after 72,00 67,65 76,35 72,00 61,00 83,00 6,85 0,63

E
ADR -before 84,14 78,25 90,04 84,90 68,97 99,48 9,27 0,96

ADR - after 80,92 76,04 85,79 81,50 71,00 93,00 7,67 0,37

C
ADR -before 82,33 78,35 86,32 84,00 71,00 91,00 6,27 0,25

ADR - after 84,58 80,63 88,53 85,00 71,00 93,00 6,22 0,56

E
TBR -before 88,25 80,19 96,31 94,06 67,18 102,15 12,68 0,07

TBR - after 84,92 80,48 89,36 85,50 75,00 96,00 6,99  0,69

C
TBR -before 84,67 79,19 90,14 88,00 69,00 94,00 8,62  0,11

TBR - after 87,37 82,30 92,44 90,00 75,00 96,00 7,98  0,06

M- mean; Me-median, SD – standard deviation, CI95% - confidence interval for the mean, p S-W - Shapiro-Wilk test probability for normality 
of distribution. E – experimental group, C – control. PMR – pectoralis major right activity, ADR – anterior deltoid right activity, TBR – triceps 
brachii right activity. Significant p-values (>0,05) presented in bold for: aShapiro-Wilk test probability for normality of distribution. Value of 
each muscles’ activity estimated relative to MVC (%).
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Statistical analysis

Statistical analyses were performed using Statistica 13.1. 
The results are presented as means with standard deviations, 
standard errors, and 95% confidence intervals. Normality, 
homogeneity, and sphericity of the sample data variances 
were verified using the Shapiro-Wilk, Levene’s, and Mauchly’s 
tests, respectively. Differences between the considered 
variables were compared using repeated-measures ANOVA. 
In case of a significant main effect, Tukey’s post hoc test 
was used for post hoc comparisons. The strength of the 
association in the analysis of variance was calculated using 
η2. The statistical significance for the differences between 
types of loads and muscle sides was set at p<0.05. Effect sizes 
(Cohen’s d) were also calculated and interpreted as large for d 
> 0.8, moderate for 0.8>d>0.5, and small for d<0.536.

Results

Analysis of the results in Table 1 led to the conclusion 
that there was no evidence to reject the null hypothesis 
of normality of the distribution of the analysed variables. 
Therefore, parametric analysis of variance with repeated 
measures were used. 

Significant differences were found for the main effects of 

the PMR variable: Group F=15.64; p=0.00067; η2=0.42; 
pre-post F=95.76; p<0.0001; η2=0.81, as well as for the 
interaction between main effects group*pre-post F=43.63; 
p<0.0001; η2=0.66. Further analyses were conducted using 
Tukey’s post-hoc multiple comparisons tests to determine 
between which groups there were significant differences. 
The experimental group showed a statistically significant 
increase in mean PMR score after training (Mpre=69.58; 
Mpost=91.49; p=0.0002; d=2.76). However, there were 
no significant differences before and after the training 
intervention in the control group (p=0.14), and no significant 
differences between the groups in the results before the 
start of the experiment (p=0.92). Significant differences 
were observed in the results after the training intervention 
in the experimental group. The mean PMR activity in the 
experimental group was statistically higher after targeted 
training (p=0.0002; d=2.6). These results are supported by 
the accompanying figure.

The analysis of the results for the ADR variable led to 
the conclusion that no significant differences were found 
for the main effects of group (F=0.11; p=0.75) and pre-post 
(F=0.19; p=0.67). However, for the interaction group*pre-
post, the analysis of variance allowed the rejection of the null 
hypothesis of no differences (F=5.98; p=0.023; η2=0.21), 
which was not confirmed by Tukey’s post-hoc multiple 
comparison tests applied subsequently (p>0.05). These 

Figure 1. Comparison of mean values and confidence intervals for the PMR variable (pectoralis major right activity presented as % 
of MVC) by group. *significant change in comparison to the pre-test p<0.05 for the same group, ** intergroup difference p<0.05 for 
repeated-measures ANOVA.
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Figure 2. Comparison of mean values and confidence intervals for the ADR variable (anterior deltoid right activity presented as % 
of MVC) by group. *significant change in comparison to the pre-test p<0.05 for the same group, ** intragroup difference p<0.05 for 
repeated-measures ANOVA.

Figure 3. Comparison of mean values and confidence intervals for the TBR variable (triceps brachii right activity presented as % of MVC) 
by group. *significant change in comparison to the pre-test p<0.05 for the same group, ** intragroup difference p<0.05 for repeated-
measures ANOVA.
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results are supported by the figure shown below.
The analysis of the results for the dependent variable TMR 

led to the conclusion that no significant differences were 
found for the main effects of group (F=0.025; p=0.87) and 
pre-post (F=0.051; p=0.82). However, for the interaction 
group*pre-post, the analysis of variance allowed the rejection 
of the null hypothesis of no differences (F=4.66; p=0.04; 
η2=0.17), which was not confirmed by Tukey’s post-hoc 
multiple comparisons tests applied subsequently (p>0.05). 
These results are supported by the figure presented below.

Discussion

The process of changing movement patterns concentrates 
on the reduction of muscle asymmetries by activating less 
active muscle groups and partially deactivating those that 
are overactive. Movement pattern re-education also involves 
repeating activities while modifying the force of muscular 
contractions. To eliminate excess tension or change the range 
of motion in an exercise, potential sources of that movement 
must be eliminated. The study replaced the transitional 
position form with single joint exercises that target the 
activity of the pectoralis major muscle.

The analysis of EMG provides a reliable assessment of 
changes in the activity patterns of the muscles involved 
in resistance training25. The examination of the internal 
structure of movement makes it possible to identify deficits 
in muscular activity, thus preventing injuries and improving 
the effectiveness of training37. The results of the experiment 
indicate that a 10-week targeted training of the pectoralis 
major muscle increased its involvement during the BP 
exercise. The study found that the experimental group 
significantly increased the electromyographic activity of 
the pectoralis major after the intervention, while the control 
group showed no significant difference in PM activity during 
the flat bench press exercise. Previous studies have shown 
that muscles identified as least active following a period of 
targeted strength training increase their activity significantly 
as a result of such an intervention31,38,39 also found 
evidence that a change in activity pattern is possible after 
a targeted resistance training intervention. The experiment 
demonstrated that muscle activity increases during the 
resistance training period, regardless of its initial activity. 
This increase in muscle activity may be attributed to changes 
in tonic muscle control resulting from the high frequency of 
muscle excitation38.

After identifying muscular asymmetries, we can implement 
an intervention protocol to c the current movement pattern. 
There is a possibility of direct intervention, either through 
introducing additional exercises for the less active side or 
muscle group before the main training session, or through a 
6–10-week targeted training intervention. This intervention 
can help reduce muscular asymmetries and modify movement 
patterns in the long term (delayed effects).

The findings of Stronska et al.31 support those of this 
experiment, indicating that the pectoralis muscle requires a 

prolonged training period due to its large innervation area and 
low involvement in daily motor activities41. Specifically, the 
results demonstrate that targeted training of the pectoralis 
major for 10 weeks enhances its activity during conventional 
bench press.
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