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ABSTRACT

The purpose of this study was to investigate the influence of shoulder ab-
duction positions (45° vs. 90°) on peak force (PF) production and myoelectric
activity (SEMG) of the upper and lower pectoralis major (UPM, LPM), anterior
deltoid (AD), and long head of the triceps brachii (TB) during maximal iso-
metric bench press in resistance-trained men. Twelve young, resistance-trained
men (age: 24.7 £ 4.2 years) participated in a quasi-experimental, within-subject
study. Each subject performed three maximal isometric bench press contractions
for both shoulder abduction positions, during which PF and sEMG (UPM, LPM,
AD, and TB) were measured. Statistical analyses included paired t-tests for PF
and two-way ANOVA for sEMG. Results showed no significant difference in PF
between 45° and 90° shoulder abduction positions. For sEMG, post hoc analyses
revealed significant differences between muscles within each shoulder position:
at 45°, AD vs. UPM (4% = 41.5%), AD vs. LPM (4% = 65.4%), and UPM vs.
LPM (4% = 40.8%), at 90°, AD vs. LPM (1% = 61.9%) and UPM vs. LPM
(4% = 41.2%). These findings suggest that shoulder abduction position (45° vs.
90°) does not affect maximal isometric force production or substantially alter
myoelectric activation patterns in resistance-trained men.

Keywords: Resistance Exercise; Shoulder Joint; Electromyography.

mance (Duffey & Challis, 2011; Elliott et al.,

The bench press has been widely used as a
primary upper-body exercise to develop max-
imal strength, power, and muscle hypertrophy
of the pectoralis major, anterior deltoid, and
triceps brachii (Mausehund et al., 2022; Ro-
driguez-Ridao et al., 2020; Saeterbakken et
al., 2021; Stastny et al., 2017; Wagner et al.,
1992). Variations in technique, particular-
ly shoulder abduction angle and grip width,
have been shown to influence joint kinetics,
muscle activation patterns, and overall perfor-

1989; Glass & Armstrong, 1997; Mausehund
et al., 2022; Saeterbakken et al., 2021; Stast-
ny et al., 2017; Wagner et al., 1992; Wilson
et al., 1989). Despite its widespread use in
resistance training programs, the specific in-
fluence of shoulder abduction angle on force
production and neuromuscular activation
during maximal isometric actions, specifical-
ly in the sticking region of the bench press
exercise (Elliott et al., 1989; Kompf & Arand-
jelovié, 2017), had not been fully elucidated.
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Alterations in shoulder position modify gle-
nohumeral alignment, muscle length-tension
relationships, and internal moment arms of
the prime movers (Duffey & Challis, 2011;
Mausehund et al., 2022). A shoulder abduc-
tion angle of approximately 45° has been sug-
gested to enhance joint stability and optimize
force transfer while potentially reducing ante-
rior shoulder stress (Green & Comfort, 2007;
Noteboom et al., 2024). In contrast, greater
abduction angles (e.g., 90°) may increase the
mechanical contribution of the pectoralis ma-
jor and anterior deltoid due to changes in fiber
orientation and line of pull (Noteboom et al.,
2024; Rodriguez-Ridao et al., 2020). Surface
electromyography (sEMG) has frequently
been used to examine muscle recruitment
during the bench press and has demonstrated
that technique modifications can alter rela-
tive activation among prime movers (Glass
& Armstrong, 1997; Rodriguez-Ridao et al.,
2020; van den Tillaar & Saeterbakken, 2014).
However, most previous investigations have
focused on dynamic repetitions rather than
maximal isometric contractions, which allow
more controlled assessment of neuromus-
cular output. Therefore, the purpose of this
study was to assess the influence of shoulder
abduction angle (45° vs. 90°) on peak force
production and myoelectric activity of the up-
per and lower portions of the pectoralis ma-
jor, anterior deltoid, and long head of the tri-
ceps brachii during maximal isometric bench
press in resistance-trained men. Despite the
widespread use of various shoulder abduction
angles during bench press exercises, the ex-
tent to which these positions influence force
production and neuromuscular activation re-
mains poorly elucidated, particularly regard-
ing performance optimization, shoulder joint
loading, and evidence-based exercise pre-
scription. Understanding these effects may
provide practical implications for maximizing

force output, targeting specific musculature,
and potentially reducing mechanical stress on
the glenohumeral joint associated with wider
shoulder abduction positions. It was hypoth-
esized that: (1) performing the bench press
at 45° of shoulder abduction would produce
greater peak force output, potentially due to
more favorable mechanical alignment and
reduced shoulder joint stress; and (2) per-
forming the bench press at 90° of shoulder
abduction would result in greater myoelectric
activation of both portions of the pectoralis
major, the anterior deltoid, and the long head
of the triceps brachii, reflecting the increased
muscular demands associated with wider arm
positioning.

METHODS

Subjects

The sample size was justified by an a priori
power analysis based on a pilot study where
the superficial electromyography (pectoralis
major) and maximal isometric bench press
testing were conducted in four recreationally
trained subjects, with an alpha level of 0.05
and a power (1—f3) of 0.80. Therefore, twelve
young, healthy, recreationally trained men
(age: 24.7 £ 4.2 years, height: 177.5 £ 6.7 cm,
total body mass: 83.9+12.8 kg, biacromial
distance: 38.4 + 2.2 cm) volunteered to partic-
ipate. All subjects had been regularly engaged
in an RT routine for more than 1 year (at least
2 times), were familiar with hypertrophy-type
training, performed ~18 + 9 weekly sets, and
had experience with the bench press. Subjects
had no previous upper back injuries, surgery
on their upper extremities, or a history of injury
with residual symptoms (pain, “giving-away”
sensations) in their upper limbs within the
last year. The subjects were informed of the
risks and benefits of the study prior to any
data collection and then read and signed an
institutionally informed consent document ap-
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proved by the Institutional Review Board at
the California State University - Northridge
(#IRB00001788/2024).

Procedures

This study employed quasi-experimen-
tal, within-subject design and was conduct-
ed in the Exercise Physiology Laboratory in
the Department of Kinesiology at California
State University, Northridge. Each subject
completed a single testing session. Subjects
were instructed to abstain from alcohol and
avoid vigorous physical activity for 48 hours
prior to testing. At the beginning of the ses-
sion, biacromial width was measured, and the
skin was prepared for SEMG data collection.
Subjects were then seated on a bench press
machine with their backs supported against
the bench. Grip width was set at twice the bi-
acromial distance, and the bar was positioned
near the chest with the elbows flexed at 90°
(sticking region). The bench press was per-
formed isometrically against a fixed barbell
connected to a load cell under two shoul-
der abduction positions (45° and 90°), with
the order of positions randomized. For each
shoulder position, subjects performed three
warm-up sets consisting of two submaximal
isometric contractions at 50% and 70% of
their maximal isometric force. Each contrac-
tion lasted 3 seconds with 10 seconds of rest
between efforts. After a 15-min rest period,
subjects performed three maximal isometric
contractions for 3 sec each with 10 sec rest
between contractions, in one of the two shoul-
der abduction positions (45° or 90°). After a
20-min rest period, subjects performed the
same protocol for the second shoulder abduc-
tion position.

Measurements
Peak Force (PF): The maximal voluntary
isometric contraction (MVIC) was measured

by a digital load cell acquisition system (FM-
204-1000K, Shenzhen Aermanda Technology
Co. Ltd., Shenzhen, Guangdong, China / Ca-
pacity: 1000 kgf / Resolution: 0.01 kgf). All
subjects performed three maximal isometric
contractions for 3 seconds each, with 10 sec-
onds’ rest between contractions. The average
value (PF) was used for further analysis. The
test-retest ICC ranged from 0.95 to 0.98.
Surface Electromyography (sEMG): The
subjects’ skin was prepared prior to the SEMG
electrode placement. Hair at the electrode
placement site was shaved, and the skin was
cleaned with alcohol. Bipolar passive dispos-
able dual Ag/AgCl snap electrodes were used,
which were 1 cm in diameter for each circular
conductive area with 2-cm center-to-center
spacing. The specific location of each elec-
trode was guided according to SENIAM rec-
ommendations. Electrodes were placed on the
subject’s dominant arm as described: the up-
per head of the pectoralis major (UPM) elec-
trodes were placed between the midclavicular
line and the second intercostal; the lower head
of pectoralis major (LPM) electrodes were
placed between the midclavicular line and
the fifth intercostal; the anterior deltoid (AD)
electrodes were placed at one finger-width
distance distally and anterior to the acromion,;
and the long head of the triceps brachii (TLO)
electrodes were placed halfway between the
posterior crista of the acromion and the olec-
ranon with 2 finger-widths distance medially
from that point. The SEMG signals were re-
corded by a Noraxon EMG system (Noraxon
Inc., Scottsdale, Arizona, USA) with a sam-
pling rate of 2000 Hz. The sSEMG activity was
amplified using a bipolar differential ampli-
fier, with an input impedance set to 2 MQ, a
rejection ratio set to >100 dB min (45 Hz),
a gain set to x20, a noise filter set to >5 uV,
and finally converted from an analog signal to
a 12-bit digital signal. The sSEMG data were
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analyzed using a customized MATLAB rou-
tine (MathWorks Inc., Massachusetts, USA).
The digitized signals were band-pass filtered
at 20—400 Hz using a fourth-order, zero-lag
Butterworth filter. Root mean square (RMS)
values were calculated using a 250-ms mov-
ing window for each muscle. Finally, the av-
erage RMS value for each muscle was deter-
mined for subsequent analysis.

Statistical Analyses

The normality and homogeneity of vari-
ances were confirmed by the Shapiro-Wilk
and Levene’s tests, respectively. Means,
standard deviations, delta percentages (A%),
and 95% confidence interval; (95%CI) were
calculated. A paired #-test was used to test

2000+

[y
]
=
—]
1

1000

Peak Force (N)

5004

90 degrees

differences between shoulder abduction po-
sitions (45° vs. 90°) for PF. A two-way ANO-
VA (4 x 2) was used to examine differences
in SEMG between muscles (UPM, LPM, AD,
and TB) and shoulder abduction positions
(45° vs. 90°). Bonferroni post hoc tests were
applied when appropriate. Effect sizes (Co-
hen’s d) were interpreted as trivial (<0.35),
small (0.35-0.80), moderate (0.80—1.50), or
large (>1.50) for resistance-trained individu-
als. Statistical significance was set at a = .05.

RESULTS

No significant difference in peak force was
observed between shoulder abduction posi-
tions (45° or 90°) (p = .821) (Figure 1).

1
45 degrees

Shoulder Position

Figure 1. Peak Force for Both Shoulder Abduction Positions (45° and 90°) During Maximal

Isometric Bench Press Exercise.

For peak RMS, a significant main effect
was observed for muscle (p < .001). No sig-
nificant interaction was found between muscle
and shoulder abduction positions (p = .165). At
45°, significant differences were observed be-
tween AD and UPM (p = .001; 95% CI [138.1,
665.96]; d = 1.01, moderate; A% =41.5%), AD
and LPM (p = .001; 95% CI [263.27, 1004.7];

d=1.75, large; A% = 65.4%), and UPM and
LPM (p= .002; 95% CI [62.9, 400.96]; d =
1.14, moderate; A% = 40.8%). At 90°, signif-
icant differences were observed between AD
and LPM (p = .002; 95% CI [145.26, 936.7];
d =1.35, moderate; A% =61.9%) and UPM and
LPM (p =.011;95% CI [36.9, 431.1]; d = 1.08,
moderate; A% = 41.2%) (Figure 2).
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Figure 2. Peak RMS of Prime Movers for Both Shoulder Abduction Positions (45° and 90°)

During Maximal Isometric Bench Press Exercise.
Note.*Significant difference between UPM vs. LPM; + Significant difference between AD vs. UPM.

DISCUSSION

The purpose of this study was to investigate
the influence of shoulder abduction angle (45°
vs. 90°) on peak force production and myo-
electric activity of the upper and lower portions
of the pectoralis major, anterior deltoid, and
long head of the triceps brachii during maxi-
mal isometric bench press in resistance-trained
men. Contrary to the first hypothesis, no signif-
icant differences in peak force were observed
between the 45° and 90° shoulder abduction
positions. These findings suggested that, un-
der controlled isometric conditions with the
elbows fixed at 90° (sticking region), shoulder
abduction position did not meaningfully influ-
ence maximal isometric force output.

The absence of differences in peak force
may have been explained by compensatory
neuromuscular strategies among the involved
muscle groups, allowing them to maintain
similar net force production across shoulder
positions. Although shoulder abduction po-
sition alters glenohumeral mechanics and in-
ternal moment arms (Noteboom et al., 2024),
the overall mechanical demand during a fixed
maximal isometric contraction may have re-
mained sufficiently similar to prevent measur-

able differences in peak force. In multi-joint
exercises such as the bench press, alterations
in joint configuration can be offset by redistri-
bution of muscle activation among synergists,
thereby preserving global torque production
despite changes in individual muscle contri-
bution. These findings are consistent with the
broader literature on isometric training and
joint-angle specificity. Lum et al. (2022) exam-
ined the effects of isometric bench press train-
ing performed at single versus multiple joint
positions. They demonstrated that strength
adaptations are highly angle-specific, with im-
provements largely confined to the trained joint
configuration. However, when multiple joint
positions were trained, gains were distributed
across a wider range of motion and demon-
strated greater transfer to dynamic one-repeti-
tion maximum performance. Importantly, their
findings reinforce the principle that maximal
force output during isometric contractions is
strongly influenced by the specific mechanical
configuration of the joint system. Yet, compen-
satory neuromuscular adaptations can maintain
performance within a given position. While
changes in shoulder abduction likely modified
the relative contribution of the pectoralis ma-
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jor and anterior deltoid, these alterations may
not have been sufficient to affect the overall
force measured at the load cell.

Regarding myoelectric activation, a sig-
nificant main effect for muscle was observed,
whereas no interaction between shoulder po-
sition and muscle was found. These results
indicated that the shoulder abduction position
did not significantly alter the relative activa-
tion pattern among the evaluated muscles.
Instead, differences were primarily observed
between muscles within each shoulder abduc-
tion position. At both 45° and 90°, the anterior
deltoid and upper pectoralis major generally
demonstrated greater activation than the low-
er pectoralis major. This finding aligned with
previous research suggesting that the upper fi-
bers of the pectoralis major and the anterior
deltoid contribute substantially to horizontal
pressing exercises (Barnett et al., 1995; Muy-
or et al., 2023; Rodriguez-Ridao et al., 2020).
The consistent activation of the triceps brachii
was expected, given its primary role in elbow
extension during pressing movements (Barnett
et al., 1995; Muyor et al., 2023; Saeterbakken
et al., 2021). In the present study, activation
of the long head of the triceps brachii did not
exhibit position-dependent modulation across
both shoulder positions, suggesting that mod-
erate changes in shoulder abduction may not
substantially influence elbow extensor recruit-
ment under maximal isometric conditions. The
long head contributes to both elbow extension
and shoulder extension/adduction, meaning
that variations in shoulder abduction or bench
inclination could alter its length—tension rela-
tionship and activation profile. In contrast, the
medial and lateral heads are monoarticular and
independent of shoulder joint position, with
more stable activation across different humeral
angles (Rodriguez-Ridao et al., 2020). Rodri-
guez-Ridao et al. (2020) reported that changes
in bench inclination significantly affected an-

terior deltoid and pectoralis major activation,
while medial head of the triceps brachii activi-
ty remained relatively stable. Similarly, Muyor
et al. (2023) found that differences in shoul-
der position did not affect the long head of the
triceps brachii, corroborating the findings of
the present study. Narrower grips increased
overall triceps activation, likely due to greater
demands on elbow extension torque. Changes
in shoulder position could theoretically influ-
ence the long head more than the medial head;
however, this effect is not detectable without
head-specific electrode placement. From a
practical standpoint, manipulations of shoul-
der angle alone (45° vs. 90° abduction) may
have limited impact on medial and long head
activation.

Overall, the absence of a significant inter-
action between shoulder abduction position
and myoelectric activity indicates that chang-
ing shoulder abduction from 45° to 90° does
not substantially influence neuromuscular re-
cruitment during maximal isometric efforts.
Resistance-trained men produced similar max-
imal isometric force and demonstrated com-
parable myoelectric activation patterns at both
commonly used shoulder positions. Specifical-
ly, during an isometric bench press performed
with the elbow fixed at 90° (i.e., at the stick-
ing region), shoulder abduction at 45° vs. 90°
did not meaningfully affect peak force, as no
significant between-position differences were
observed. Likewise, myoelectric responses ap-
peared to be primarily muscle-dependent rath-
er than shoulder-position—dependent under the
tested positions. Collectively, these findings
suggest that both abduction positions permit
comparable isometric performance within this
specific biomechanical context. Importantly,
however, similar external force output should
not be interpreted as equivalent joint loading.
Internal mechanical demands at the glenohu-
meral and acromioclavicular joints may differ
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considerably across technical variations, even
when peak force remains unchanged. Muscu-
loskeletal modeling studies indicate that bench
press technique can meaningfully alter gleno-
humeral joint reaction forces (compression and
shear) and acromioclavicular joint loading,
with effects varying by movement phase and
specific technical parameters (Noteboom et al.,
2024). Although the present isometric protocol
did not directly assess joint reaction forces, hu-
meral head translation, or capsulolabral stress,
the findings should be interpreted within the
broader framework that similar force does not
necessarily imply similar joint exposure. Tak-
en together, the absence of peak force differ-
ences between 45° and 90° in this design does
not exclude the possibility of differing internal
joint demands between techniques. Instead, it
highlights the importance of integrating per-
formance outcomes, symptom response, cu-
mulative loading, and biomechanical consid-
erations when making rehabilitation-oriented
prescription decisions (Nevalainen et al., 2016;
Noteboom et al., 2024).

From an applied perspective, these findings
are specific to (i) an isometric task, (ii) a fixed
elbow angle of 90°, (iii) the sticking region
position, and (iv) outcomes limited to force
and myoelectric activation measures, without
direct evaluation of scapular kinematics, joint
reaction forces, or tendon stress. Therefore,
when the goal is to assess or increase isometric
force production in the sticking region, select-
ing 45° or 90° of shoulder abduction may rea-
sonably be based on technical preference and
individual comfort, as substantial differences
in peak force are unlikely. Several limitations
should be acknowledged. The protocol was
restricted to isometric contractions at a sin-
gle elbow angle and may not fully represent
dynamic bench press performance across the
entire range of motion. The sample included
only young, resistance-trained men, limiting

generalizability to other populations. In addi-
tion, the relatively small sample size and mul-
tiple comparisons may have reduced statistical
power; however, effect size analyses provided
clinically meaningful context. Finally, caution
is warranted when extrapolating these findings
to other exercises, training protocols, or popu-
lations, including youth, competitive athletes,
and older adults.

CONCLUSION

In conclusion, shoulder abduction posi-
tion (45° vs. 90°) does not influence maximal
isometric bench press peak force in resis-
tance-trained men. Additionally, myoelectric
activation of the upper and lower pectoralis
major, anterior deltoid, and long head of the
triceps brachii was not substantially altered be-
tween shoulder abduction positions. However,
consistent differences were observed among
muscles within each position. These findings
indicate that, within this range, shoulder ab-
duction position does not meaningfully affect
force production or overall myoelectric activa-
tion patterns during maximal isometric bench
press.

PRACTICAL APPLICATIONS

The findings of this investigation provide
meaningful practical and clinical implications
for strength and conditioning professionals, re-
habilitation specialists, and resistance-trained
individuals. Under the experimental condi-
tions employed, no significant differences in
peak force were observed between 45° and 90°
of shoulder abduction. These results indicate
that, when joint configuration is standardized,
practitioners may select either shoulder abduc-
tion position without compromising maximal
isometric force production. Accordingly, both
shoulder positions may be effectively incor-
porated into strength assessment protocols,
particularly when the objective is to monitor
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maximal isometric performance under con-
trolled biomechanical conditions. It is essen-
tial to recognize that these findings are specific
to maximal isometric contractions performed
at a fixed elbow angle in resistance-trained
young men.

Dynamic bench press performance, vary-
ing loads, and alternative joint configurations
may elicit different neuromuscular responses.
Therefore, caution is warranted when extrap-
olating these results to dynamic training con-
texts. From a musculoskeletal risk perspec-
tive, the implications are particularly relevant
in clinical and rehabilitation settings, where
tissue tolerance and the safe reintroduction of
dynamic loading are primary concerns. Indi-
viduals with shoulder pain, prior instability, or
heightened rotator cuff irritability may exhibit
increased sensitivity to shear and compres-
sive forces at the glenohumeral joint, poten-
tially influenced by technique variables such
as shoulder abduction position (Noteboom et
al., 2024). Additionally, the acromioclavicular
joint merits consideration, as higher training
intensity, greater frequency, and longer train-
ing history have been associated with distal
clavicular osteolysis (Nevalainen et al., 2016).
Although pectoralis major tendon rupture re-
mains relatively uncommon, it has been linked
to high-load bench pressing, reinforcing the
importance of gradual load progression and
technical control during return-to-performance
phases (Bodendorfer et al., 2020).

Fromaneuromuscular standpoint, myoelec-
tric activation patterns were influenced primar-
ily by the specific muscle evaluated rather than
by shoulder abduction position. The anterior
deltoid and the upper portion of the pectoralis
major consistently exhibited greater activation
compared with the lower portion of the pecto-
ralis major, irrespective of shoulder position.
Thus, modifying shoulder abduction between
45° and 90° does not appear to meaningfully

alter prime mover recruitment during maximal
isometric efforts. This suggests that adjust-
ments in shoulder abduction position within
this range may have limited impact on muscle
activation strategies when the task demands
maximal force under fixed-angle conditions.
From a rehabilitation perspective, the iso-
metric bench press with the elbow fixed at
90° emerges as a controlled and highly stan-
dardizable strategy to reintroduce horizontal
pressing and to monitor strength during re-
turn to loading. Under comparable joint con-
ditions, clinicians may select either 45° or 90°
of shoulder abduction without anticipating a
meaningful compromise in maximal isomet-
ric output. Practically, this enables a symp-
tom-guided progression in which abduction
angle is chosen based on comfort and tissue
tolerance, while maintaining a constant el-
bow angle to reduce biomechanical variabil-
ity and enhance longitudinal comparability.
Moreover, given that myoelectric activation
appears to be driven more by muscle-specific
characteristics than by shoulder abduction po-
sition, adjustments between 45° and 90° may
serve primarily as a graded exposure strategy,
modulating joint demands and perceived safe-
ty, rather than as a mechanism to substantially
alter prime mover activation during maximal
isometric efforts. In contrast, in rehabilitation
and return-to-pressing contexts, the shoul-
der abduction position should be individual-
ized based on symptom presentation, clinical
history, tissue irritability, and motor control
capacity. Exercise-based rehabilitation has
been shown to improve pain and function in
individuals with subacromial pain and rota-
tor cuff-related shoulder pain (Bodendorfer
et al., 2020; Dejaco et al., 2017; Hopewell et
al., 2021; Turgut et al., 2017), supporting the
principle that return to bench pressing should
follow a graded, tolerance-based progression
rather than relying exclusively on maximal
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strength metrics. Emphasis should be placed
on controlled range of motion, progressive
loading, scapular stabilization, and targeted
strengthening of the rotator cuff and periscap-
ular musculature.

Finally, these results reinforce a critical
clinical principle: performance in fixed-angle
isometric testing should be interpreted as an
indicator of strength capacity and motor con-
trol readiness, rather than as automatic clear-
ance for dynamic bench pressing. Progression
toward dynamic pressing tasks should be sys-
tematically staged through incremental in-
creases in range of motion, load, and velocity,
recognizing that neuromuscular behavior and
joint stresses during concentric and eccentric
actions and across varying joint angles may
differ from those observed under fixed-angle
isometric conditions.
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