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Welcome to the August 2018 edition! 
As always, there are three parts to 

the monthly magazine. The first part cov-
ers studies about strength training, the 
second part addresses a couple of new 
studies into athletic performance, and the 
last section is all about hypertrophy. In the 
strength training section this month, there 
are two studies exploring how the focus of 
multi-joint exercises changes with load and 
range of motion (ROM). We tend to assume 
that the bench press and squat load their 
prime movers in the same proportions, 
regardless of the weight on the bar or 
the ROM used. However, as these studies 
show, this is not actually the case. 

For strength coaches who train athletes, 
it can be challenging to measure gains in 
high-velocity strength. In fact, the difficul-
ty in taking such measurements is prob-
ably why so many strength coaches focus 
on improving 1RM, ignoring the fact that 
heavy strength training tends to produce 
smaller increases in high-velocity strength 
than in maximum (low-velocity) strength. 
However, if you have access to technology 
that allows you to record power outputs 
in the jump squat, then research suggests 
that this is a far better way of tracking 
increases in the type of (high-velocity) 
strength that transfers to sprinting and 
jumping activities than 1RM back squat.

While there were several great hypertro-
phy studies this month, the most important 
one compared the effects of full and par-
tial ROM strength training under controlled 
conditions. Contrary to many previous 
studies, it showed that both types of train-
ing produced equal hypertrophy. However, 
the location of the muscle growth differed 
between types of training, with full ROM 
training causing greater increases in fiber 
length, and partial ROM training causing 
larger increases in fiber diameter. Both full 
and partial ROM lifts may therefore have 
roles to play in bodybuilding.
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Measuring the muscle activation of 
the prime movers in the bench press

Muscular activity patterns of female and male athletes during the flat bench 
press. Gołas, A., Maszczyk, A., Pietraszewski, P., Wilk, M., Stastny, P., Strońska, 
K., & Zając, A. (2018). Biology of Sport, 35(2).

The bench press is contested in powerlifting, but 
it is also used by bodybuilders and recreational 

trainees for developing the pectoralis major, anterior 
deltoid, and triceps brachii muscles. The effect of 
increasing bench press load on the activation of 
the prime mover muscles has been investigated in 
a number of studies, but there is no consensus on 
whether any of the prime movers increase their in-
volvement relative to the others at heavier loads, 
and no previous studies have explored differences 
between males and females.  

Key findings
In strength-trained males, the activation of the anterior deltoid and triceps brachii (long 
head) increases with increasing load in the bench press. In strength-trained females, only 
the muscle activation of the anterior deltoid increases with increasing load. In both males 
and females, the activation of the pectoralis major does not change with increasing load. 

Practical implications
Heavier loads may be more effective for training the anterior deltoid (and triceps brachii 
in males) when exercising with the bench press, while lighter loads may be more useful 
for developing the pectoralis major. For improving 1RM bench press, assistance exercises 
for the anterior deltoid and triceps brachii may be useful, as these muscle groups are less 
involved at lighter loads.



Background



 

OBJECTIVE To compare the activation of the prime mover muscles during the 
bench press performed with a range of loads between male and female 
strength-trained athletes.

 

Muscle activation: By recording the peak 
electromyography (EMG) amplitudes of the 
the pectoralis major (sternocostal head), an-
terior deltoid, triceps brachii (lateral head), 
and triceps brachii (long head) using surface 
electrodes, during both eccentric and con-
centric phases of the bench press exercise. 
The normalization method of the EMG ampli-
tudes was not clearly stated.

Females
Among females, peak EMG amplitudes of 
the anterior deltoid muscle significantly 
increased with increasing load (between 55 
and 100% of 1RM), but the peak EMG am-
plitudes of the other muscle groups did not 
change significantly with increasing load.

Males
Among males, peak EMG amplitudes of the 
anterior deltoid and triceps brachii (long 
head) muscles significantly increased with 
increasing load (between 55 and 100% of 
1RM), but the peak EMG amplitudes of the 
other muscle groups did not change signifi-
cantly with increasing load.

5 males, aged 21 years, 
with 1RM bench press 
of 105 ± 15kg, and 5 
females, aged 21 years, 
with 1RM bench press of 
55 ± 10kg

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     In strength-trained males, the muscle activation of the anterior deltoid 
and triceps brachii (long head) increases with increasing load in the bench press. Howev-
er, in strength-trained females, only the muscle activation of the anterior deltoid increases 
with increasing load. In both males and females, the muscle activation of the pectoralis 
major does not change with increasing load.

Subjects tested their 1RM, and performed 4 sets of 1 repetition 
with 55%, 70%, 85%, and 100% of 1RM.



Analysis

This study reported that in strength-
trained males, the activation of the 

anterior deltoid and triceps brachii (long 
head) increases with increasing load in 
the bench press, while in strength-trained 
females, only the activation of the anterior 
deltoid increases with increasing load.

In contrast, the study also found that in 
both males and females, the activation of 
the pectoralis major does not change with 
increasing load. These findings have prac-
tical implications for strength athletes who 
wish to increase their 1RM bench press, 
but also for bodybuilders who use the 
bench press for muscular development.



Analysis

Several previous studies have explored 
the effects of altering the percentage 

of 1RM on the activation of the prime mov-
ers in the bench press exercise, among 
strength-trained males (1 – 6). Unfortu-
nately, the overall picture presented by 
these studies is inconsistent. While most 
reported that activation of the pectoralis 
major, anterior deltoid, and triceps brachii 
all increase with increasing load (1 – 4), 
one did not, instead suggesting that only 
the  anterior deltoid and triceps brachii 
increase in activation with increasing load 
(6). In direct contrast, another study re-
ported that *only* the pectoralis major 
increases in activation with increasing load, 
while the anterior deltoid and triceps bra-
chii do not (5). Also, some of these studies 
have shown that triceps brachii activation 
may increase by more than either pectora-
lis major or anterior deltoid activation, with 
increasing load (1,2,4).

Some of the differences between studies 
may be caused by measurement methods, 
because variations have been noted in the 
changes in activation with increasing load 
between the sternocostal and clavicular 
heads of the pectoralis major (4). Some of 
the studies in the literature have measured 
muscle activation only in the sternocos-
tal (6) head of the pectoralis major, have 
measured the combined activation of both 
heads (3), or did not report exactly which 
head was measured (1,2,5).

Similarly, some of the differences between 
studies may be caused by variations in the 
changes in muscle activation with increas-
ing load between the triceps brachii heads. 
There are three heads of the triceps bra-
chii, the long head, the lateral head, and 
the medial head. The current study record-
ed activation in the lateral and long heads, 
but other studies have recorded activation 
from the medial head only (2), the long 
head only (6), a combination of the long 
and lateral heads (3), or did not report ex-
actly what was measured (1,4,5).

This study reported that in strength-trained 
males, triceps brachii (long head) activa-
tion increases more with increasing bench 
press load than pectoralis major activation, 
and this is in agreement with most earlier 
studies (1,2,4,6), but not all (5). Although 
the current study found that anterior del-
toid activation also increased more than 
pectoralis major activation with increasing 
load, this finding has little support in the 
previous literature (6). Even so, a case 
study in an elite powerlifter found that 
anterior deltoid activation increased more 
than pectoralis major activation with in-
creasing load (7), and the only study to re-
port a greater increase in pectoralis major 
activation with increasing load compared 
to the other prime movers was conducted 
in paralympic athletes (5), whose different 
lift technique likely affects the changes in 
muscle activation with load (5,8).



Analysis

In contrast, the findings of this study in 
strength-trained females were very dif-

ferent: only the muscle activation of the 
anterior deltoid increased with increasing 
load. This suggests that female athletes 
rely more upon the proximal, shoulder 
muscles to increase force production in the 
bench press movement, while males rely 
equally upon the shoulder and upper arm 
muscles. Why this happens is not clear, but 
it may relate to differences in the relative 
amounts of muscle mass in the torso and 
upper arms between males and females.

Exactly why the involvement of the prime 
movers in the bench press might change 
relative to one another with increasing 
load is unclear. This phenomenon has been 
observed in the lower body, where the hip 
extensor muscles become proportionally 
greater contributors relative to the knee 
extensor muscles, with increasing load and 
speed (9,10).

Since we do not yet understand why this 
happens, it is unclear whether fatigue has 
a similar impact on the involvement of the 
prime movers in a multi-joint exercise. If it 
does not, then load is an important factor 
to consider when using the bench press for 
bodybuilding, because it determines which 
of the prime movers are being worked 
most effectively. We might expect using 
heavier loads to be relatively more effec-
tive for training the anterior deltoids (and 
the triceps brachii in males), while lighter 
loads might be more useful for the pecto-
ralis major. Similarly, the effect of load on 
the contribution of the prime movers is an 
important consideration for powerlifters, 
since it indicates that training with light-
er loads may develop proportionally more 
pectoralis major but less anterior deltoid 
and triceps brachii muscle strength than is 
actually required to perform a 1RM effort, 
thereby requiring assistance work for these 
muscle groups from other exercises.

Conclusions
In strength-trained males, the muscle ac-
tivation of the anterior deltoid and triceps 
brachii (long head) increases with in-
creasing load in the bench press. Howev-
er, in strength-trained females, only the 
muscle activation of the anterior deltoid 
increases with increasing load. In both 
males and females, the muscle activation 
of the pectoralis major does not change 
with increasing load.

Practical implications
Heavier loads may be more effective for 
training the anterior deltoid (and triceps 
brachii in males) when exercising with 
the bench press, while lighter loads may 
be more useful for developing the pec-
toralis major. For improving 1RM bench 
press, assistance exercises for the an-
terior deltoid and triceps brachii may be 
useful, as these muscle groups are less 
involved at lighter loads.
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