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Abstract. [Purpose] The purpose of this study was to investigate the differences in muscle activation patterns 
of the biceps brachii (BB) and flexor carpi radialis (FCR) muscles, while measuring the resultant force (RF) at dif-
ferent shoulder flexion angles. [Subjects] Thirteen healthy males (age 24.85±3.4 years, weight; 77.8±7.9 kg; height, 
1.7±0.05 m) were enrolled in this study. [Methods] The resultant force was measured by a force transducer . The 
elbow angle remained constant and the flexion shoulder angle was changed (30°, 45°, 60°, 75° and 90°). [Results] 
The results of the surface EMG show the largest muscle activities occurred at a shoulder flexion of 75° for BB and 
90° for FCR. The largest resultant force was measured at a shoulder flexion angle of 75°. We conclude, that when 
performing the biceps curl exercise using an arm curl machine, the shoulder should be flexed at 75° to maximize 
the focus of the exercise for the BB. [Conclusion] These results are useful from the perspective of design as they 
highlight the differences in the muscle activation of BB and FCR with postural change. Ultimately this knowledge 
can be used in the design of rehabilitation training for the shoulder as they show that posture can affect muscle 
activation.
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INTRODUCTION

For the last couple of decades weight training has become 
increasingly popular due to its well-documented numerous 
benefits, such as increasing muscular strength and raising 
resting metabolism rates1). According to Nelson, in a review 
article about the physical activity and public health of older 
adults, some of the benefits of resistance exercise include 
improvement of physical fitness, management and preven-
tion of diseases caused by sedentary lifestyles, reduction of 
chronic health conditions and unhealthy weight gain1). It is 
believed by personal trainers that the use of weight training 
machines are easier to learn than free weights. Also, weight 
training machines help the maintenance of good posture, 
and thus, are safer. The advantages and disadvantages of 

using weight training machines rather than free weights are 
well-established2, 3). Jones et al. investigated and compared 
the kinetic and kinematic variables of the power clean exer-
cise using free weights and machine resistance4). Their re-
sults demonstrate that both kinetic and kinematic variables 
were significantly different. While the maximum strength 
was significantly greater for the free weight condition, the 
average and peak velocities were significantly higher for the 
machine condition.

Isometric exercises have become popular and have been 
regularly and successfully implemented by physiotherapists 
for the rehabilitation of knee flexors and other muscles after 
surgery5). Isometric exercises are especially useful as they 
can provide a controllable and safe training environment for 
patients that have limited range of motion of the joints, and 
reduce the risk of pain and re-injury during exercise6). Fur-
thermore, Hagberg showed there were no significant dif-
ferences in the endurance times and the contraction levels 
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sustained during isometric exercises compared to dynamic 
exercises7).

It was shown in a study by Oliveria that the trunk and up-
per arm position can affect the muscle integrated EMG ac-
tivation levels8). In their study surface EMGs were recorded 
of the classic dumbbell biceps curl, inclined dumbbell curl 
and dumbbell preacher curl were presented and compared. 
The inclined dumbbell curl and the classic dumbbell biceps 
curl produced similar surface EMG activation levels, and 
both conditions isolated the biceps muscle more than the 
dumbbell preacher curl. To our knowledge, there have been 
no published studies investigating the effect of shoulder 
flexion angle on the muscles activated while performing a 
biceps curl. Thus, the purpose of this experiment was to 
investigate the differences in muscle activation patterns of 
isometric dumbbell curls among different trunk and upper 
arm postures.

SUBJECTS AND METHODS

Thirteen healthy male subjects participated in this study 
(age, 24.8±3.4 years; weight, 77.9±7.9 kg; height, 1.70±0.05 
m). All subjects had more than one year of weight training 
experience and were right-handed. Prior to the start of the 
experiment, the subjects were given a full explanation of 
the purpose and experimental procedure, and signed Insti-
tutional Review Board consent forms to comply with the 
ethical standards of the Declaration of Helsinki (1975, re-
vised 1983).

All subjects warmed up by light stretching and their 
skin was prepared9). Two circular Ag-AgCl pre-gelled elec-
trodes, (20 mm in diameter, 20 mm inter-electrode distance) 
were positioned on the biceps brachii (BB) (long head) and 
flexor carpi radialis (FCR) muscles following the Surface 
EMG for Non-Invasive Assessment of Muscles (SENIAM) 
recommendations10, 11). MVC testing was performed on a 
specially designed table and chair that were constructed for 
this study. For the BB MVC test, the trunk was strapped 
to the chair and the shoulder angle was fixed at an angle of 
90°, directing the greatest exertion of force toward the sub-
ject’s body. In the FCR MVC test, the forearm was held in 
position on the table, directing the greatest exertion of force 
upwards. During performance of the trials at the various 
shoulder angles (30°, 45°, 60°, 75° and 90°) a TELEMYO 
2400 T G2 system (gain=1000, band-pass=15–500 Hz; No-
raxon, USA) was used to record the data. The force was 
measured by a 6-axis force/torque sensor (Nano25, ATI 
Corp. Canada) installed on a haptic-based resistance-train-
ing machine built by the research team12). Surface EMG and 
force were synchronized through a 16-bit A/D converter 
(DAQ card AI-16XE-50, National Instruments, TX, USA). 
Trial positions were executed in a random order according 
to a table of random numbers. There was a three-minute 
break between each MCV trial and a two-minute break be-
tween each main experimental trial8).

The study was conducted over a period of two days to 
increase the validity of the data, and all sEMG data were 
converted to root mean square (RMS), following the recom-
mendations of previous research13). To observe the changes 

in the neuromuscular activities of BB and FCR at the dif-
ferent shoulder angles, all sEMG data were obtained using 
an FIR band-pass filter (80–250 Hz) and FIR high-pass fil-
ter (10 Hz) according to SENIAM recommendations. The 
sEMG data were rectified and the RMS were calculated for 
smoothing, then normalized with the MVC.
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RMSdeg = root mean square at the shoulder angle of deg, 
and x is the raw sEMG.

T1 and T2 = the start and end times, respectively.
The force was calculated using the formula shown be-

low. All the force points were normalized to the maximum 
value for comparison.
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Fforce is the resultant force, Fx and Fy are the forces ex-
erted in the anteroposterior and vertical directions, respec-
tively

All data were processed using the RMS method, and 
sEMG, MVC, and RF data were normalized to the maxi-
mum values. One-way ANOVA (Muscle Type × Degree) 
was used for the statistical analysis, and Tukey’s post-hoc 
test was conducted on the data of the angles showing sig-
nificant differences. The level of significance was chosen as 
p=0.05. Statistical analyses were performed using a com-
mercial statistics software program (SPSS v. 19.0, IBM).

RESULTS

Surface EMG showed the largest force of 115.65% and 
88.80%, respectively, at a shoulder flexion of 75°. The larg-
est FCR activity 90.57%, was at a shoulder angle of 60°. 
The results are shown in Table 1.

To investigate the differences among angles, Tukey’s 
post-hoc test was performed. The results indicate that BB 
showed significant differences between 60° and 90°, be-
tween 75°, and 30°, and 90° (p<0.05, p<0.01). The FCR re-
sults showed no significant differences between any angles. 
The mean and standard deviation values of RF at the differ-
ent shoulder angles showed statistically significant results 
between 75° and 30°, 45° (p<.01) and between 90° and 30°, 
45° (p<.05). These results, along with the mean values of 

Table 1.  Mean (SD) of normalized surface EMG and force at 
various shoulder flexion angles

Degree
Surface EMG Force Sensor

(N)BB (%) FCR (%)
30 93.8 (16.4) 85.0 (14.8) 72.5 (9.2)
45 100.6 (25.9) 86.4 (21.4) 71.6 (11.9)
60 109.7 (16.93) 90.6 (16.5) 84.1 (12.3)
75 115.6 (22.4) 89.0 (17.1) 88.8 (11.7)
90 88.2 (9.1) 105.8 (24.9) 87.2 (14.3)
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BB, FCR, and RF at the different shoulder angles, were nor-
malized by RMS.

DISCUSSION

The force-length relationship of a muscle is defined as 
the maximal force obtained in a series of discrete contrac-
tions performed at different muscle (fiber and sarcomere) 
lengths14). In most biomechanical muscle models, the sub-
maximal force-length relationship is a linearly scaled ver-
sion of the maximal force-length relationship14). For skeletal 
muscles, the size of the force differs as a function of the 
muscle contraction type (sub-maximal contraction or maxi-
mal contraction) and the degree of flexion15).

In a computer simulation by Murry et al., the relationship 
between the length of the moment arm and force that could 
be generated at different positions of the elbow and forearm 
was investigated and compared16). They concluded that the 
moment arm is maximized for the biceps when the arm is in 
an extended position with the forearm in supination. They 
also showed that the peak biceps supination moment arm 
decreases as the elbow angle is extended. Some researchers 
have investigated the degree of activation of BB and FCR 
by executing isokinetic and isometric exercises according 
to the change in the elbow angle, and it has been reported 
that these activations are affected by the type of the muscle 
contraction and the change in the angle17). In addition, in 
another study, the forces exerted in eight directions and the 
activation of muscles in five postures on the vertical axis 
were examined17). These previous studies were mainly 
performed to explain the relationship between the force ex-
erted by the upper arm in the vertical axis and its effect 
on muscle activation and conclusions were drawn about the 
control of the muscles from a neuromechanical perspective, 
without any advice on the practical implementation of this 
knowledge of these relationships.

In contrast, studies similar to ours have been conducted 
to investigate the generation of muscle activation by train-
ing when the forearm exerts force in the perpendicular di-
rection, as in the curl motion. They have reported that the 
degree of activation of BB differs with different types of 
dumbbell curl motion and muscle contraction18). The dif-
ferences in the degree of activation of the BB can be under-
stood by the surface EMG-torque relationship, which shows 
a non-linear increase in activation levels. The reason for the 
non-linear increase is that BB is used not only for flexion 
but also for supination14, 19).

The results of our study indicate that a shoulder angle of 
75° is the most effective at stimulating the BB and generat-
ing the highest force. For BB, the 75° shoulder angle had a 
surface EMG value that was significantly different from the 
values of 30° and 90°. This means that this posture may be 
considered ideal for exercising or the design of a BB curl 
exercise machine. Our results, supported by Langenderfer 
et al., state that the ideal angle-torque relationship at the 
elbow joint is between 70° and 80°of shoulder flexion20). 
Force showed statistically significant differences at shoul-
der flexion angles of 30° and 45°.
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