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Abstract

The forward bending posture is a risk factor
that can cause musculoskeletal injury for workers working
in industry. Previous studies have been largely concerned
with examining the effects of turtle neck, slouched posture,
and kyphosis on the scapular upward rotators. However, no
studies have investigated the effect of forward bending of
the trunk on the scapular upward rotators to date. The
purpose of this study was to investigate the effect of
forward tilting of the trunk and the shoulder flexion angle
on the muscular activity of the Upper trapezius. The
participant population comprised of 10 male adults and 20
shoulders in total were assessed. To begin with, EMG
electrodes were attached to the upper trapezius muscles.
The participants were instructed to perform isometric
shoulder flexion at 120° angles in upright standing and
forward bending postures. The muscle activity was
measured by surface electromyography to obtain a root
mean square value and was expressed as a percentage of
the mean maximal voluntary isometric contraction
(%MVIC). A paired t-test was used to determine the
changes in muscle activity according to trunk posture and a
shoulder flexion angle. A paired t-test was performed at
α=.05. The result of Significant main effect for trunk
posture was found for the upper trapezius muscles(p<.05).
Additionally, a significant main effect for shoulder flexion
angle was revealed in the upper trapezius muscles(p<.05).
The results demonstrate that forward bending of the trunk
may increase the activity of the upper trapezius. Therefore,
industrial workers who manifest hyperactivation of the

upper trapezius should maintain upright trunk posture
while working.
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1. Introduction
Forward bending posture (FBP) is a risk factor that can
cause musculoskeletal pain in industrial workers and is
particularly known to have a close association with
lumber pain [1-3]. For this reason, studies related to FBP
and lumber pain have continued to be conducted [4-6].
However, improper trunk postures can affect muscles in
not only the lower back, but also the neck and shoulders
[7-9]. Slouched postures are also reported to have
influenced the alignment of the neck and scapula, thereby
influencing movements or muscle activities of the scapula
and upper arms [10-11].
Mechanical cervical dysfunction is a common disorder
in other populations, resulting a pain and limited range of
motion (ROM) negatively affect everyday life, activities
and quality of life [12]. Poor spinal postures that can
affect scapular alignment, movements, muscle activity
include forward head posture (FHP) [13] and excessive
thoracic kyphosis in the back [10-11], [14]. According to
previous studies, FHP reduced the serratus anterior muscle
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activity compared to normal postures and increased the
upper trapezius muscle activity [14-15]. In addition,
slouched postures also caused statistically significant
changes in scapular movement and muscle activity of the
scapular upward rotator [11], [16].
Researchers compared scapular movements and muscle
activities between individuals with FHP and individuals
with normal postures and found that the FHP group had
greater anterior tilting of the scapula than the normal
posture group at a statistically significant level [14]. They
attributed this difference to more serious kyphosis in the
spine [10], [17] and shortening of the pectoralis minor
muscle [17]. In addition, some studies argued that
kyphosis becomes a factor that reduces scapular upward
rotation [10-11].
The FBP changes the direction of gravity applied to the
body. Moreover, the direction of gravity applied to each
joint or muscle of the body changes interactions between
agonists and antagonists, as well as influences the activity
of each muscle [18]. For this reason, in the case of
performing an FBP and lifting arms, even those with
normal alignment of the trunk will show similar muscle
activity changes to those with slouched postures. However,
no research has investigated changes in scapular
movement or muscle activity when individuals with
normal cervical and scapular alignments move arms in an
FBP.
Therefore, the present study aimed to identify changes
in muscle activity of the scapular upward rotator when
individuals with normal cervical and trunk alignments
lifted arms in an FBP.
The study’s hypotheses are as follows: when the
subjects lift their arms at a 120° angle in each of an
upright standing position (USP) and a 30° FBP, their
upper trapezius muscle activities will show a statistically
significant difference.

2. Methods
2.1. Participants
In this study, the experimental group was only male
subject due to difficulties in the measurement site or
measurement posture. G-power analysis software was
used with G*power software ver. 3.1.9.7 (Franz Faul,
University of Kiel, Kiel, Germany). The sample size was
calculated with 0.90 power, 0.05 alpha level, and 0.8
effect size. This result indicated that a necessary sample
size was at least 19 subjects for this study. In the present
study, 20 subjects were included considering the dropouts.
In total, 10 adult men participated in this study and an
experiment was conducted on 20 scapulae that met the
selection criteria of the study. All subjects were provided
with a full explanation of the purpose and methods prior
to the study, and spontaneously participated after signing
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the informed consent. The selection criteria for subjects
were as follows:
(1) Those who have no limitations in the active range of
motion of the shoulder joint.
(2) Those who have neither pain nor discomfort that
could affect their shoulder joint movements.
(3) Those who have no history of orthopedic surgery or
legions in the shoulder joint.
The subjects were tested in random. In total, 10 subjects
participated in the study and 20 shoulder joints were
examined through the experiment. General characteristics
of the subjects are shown in Table 1.
Table 1. General characteristics of the subjects
Mean±SD

Range

Age(year)

24.90±3.73

20 ∼ 33

Height (㎝)

176.90±5.47

166 ∼ 183

Weight(㎏)

74.20±9.37

61 ∼ 90

Mean±standard deviation

2.2. Procedures
The surface electromyography (SEMG) system
Noraxon TeleMyo 2400 (Noraxon Inc, Scottsdale, AZ,
USA) was used to measure the upper trapezius muscle
activity when the subjects lifted arms to a 120°angle in
two trunk postures. The Noraxon MyoResearch XP 1.06
software was employed to collect and analyze the muscle
activity of scapular upward rotators. The sample rating of
EMG signals was set at 1,000 Hz and the band pass filter
was set at 10 to 450 Hz to remove electrocardiogram
signals that are nosy biosignals [19].
The areas to which EMG electrodes would be attached
were shaved to measure the upper trapezius muscle
activity, and the electrodes were attached with the
electrode spacing of 2 cm after the respective areas of skin
were wiped with alcohol swabs to reduce skin resistance.
The electrodes for the upper trapezius were placed parallel
to the direction of muscle fibers in the midpoint between
the spinous process of the seventh cervical vertebra and
the posterolateral acromion of the scapula [20].
While the subjects were maintaining 120° shoulder
flexion in a USP and 30° FBP, their upper trapezius
muscle activities were measured.
Each subject performed each of the USP and FBP while
holding a 1.5 kg dumbbell in their hand, lifted their arm to
contact a target-bar that had been preinstalled at a height
that makes 120°shoulder flexion, maintained isometric
contraction for about five seconds, and then lowered the
arm. They performed this motion three times each session
and six times in total. Here, the movement of the arm was
based on the sagittal plane, and one-minute break was
given between each measurement to minimize the impact
of muscular fatigue on the experimental results (Figure 1).
The experiment was conducted by two testers who had
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a license to practice physical therapy and at least four
years of clinical experience. Once tester operated
computers to run EMG program and the other tester
controlled the experimental procedures including testing
postures and methods. Both testers fully understood the
entire experimental process and both the testers and
subjects were blinded to the implications of the study’s
purpose and results.

activities showed statistically significant differences
between the positions (p<.05).
Table 2.
postures

Muscle activities in 120° shoulder flexion for two trunk
Descriptive Statistics
N

Mean
(M)

Standard
Deviation
(SD)

USP
120°

20

40.73

20.46

FBP
120°

20

51.67

21.90

Category

Upper
trapezius
muscle
activity

t(p)

-4.851(.000)***

USP: uplight standing posture
FBP: forward banding posture

4. Discussion
This study was conducted to understand changes in
upper trapezius muscle activity according to the angles of
a trunk forward bending and shoulder flexion.
Based on the study results, an increase in shoulder
flexion angle resulted in a corresponding increase in upper
trapezius muscle activity, which was statistically
Figure 1. Two positions for measuring the upper trapezius muscle significant (p<.05). The result is a similar to previous
activity: upright standing with 120° shoulder flexion and 30° trunk
studies in which the muscle activity of scapular upward
forward bending with 120°shoulder flexion.
rotators was measured while the subjects were lifting their
arms [22-24], and can also be explained with the
2.3. Statistical Analysis
length-tension relationship [25-26]. Specifically, lifting
The EMG signals of the upper trapezius collected for the arm at a larger angle may have led the muscle to
five seconds in each posture were processed using the root maintain a more shortened length, and as a result,
mean square (RMS) method, and then the mean of the increased the muscle activity.
The upper trapezius muscle activity is known to be
values for three seconds excluding the first and last
affected
by various factors. The muscle activity changes
seconds was adopted for data analysis. According to the
according
to head positions such as FHP [13], [15] and is
muscle strength assessment method by Researchers [21],
also
influenced
by excessive thoracic kyphosis [10] and
the muscle activity during maximal voluntary isometric
visual
feedback
[27]. In addition, some previous studies
contraction (MVIC) was measured. Based on the resulting
reported
that
the
upper trapezius muscle activity showed
values, the % MVIC values were obtained and used.
differences
depending
on the weight applied to the hand
The data collected through the experiment were
or
grip
strength
and
the
flexion angle of the glenohumeral
analyzed using the statistical software SPSS Statistics 21
joint
[13],
[28-30].
Window. A paired sample t-test was employed to examine
According to a comprehensive review of the above
changes in muscle activity depending on the angle of
studies,
in the case of having a FHP or thoracic kyphosis,
shoulder flexion. The statistical significance level was set
the
subjects
showed a general pattern of increases in upper
at .05.
trapezius muscle activity and reductions in serratus
anterior and lower trapezius muscle activities. These
changes occasionally become a cause of the shoulder
3. Results
impingement syndrome by reducing scapular upward
Upper trapezius muscle activities were conducted rotation and increasing the scapular anterior tilt [13], [18],
according to trunk postures and shoulder flexion angles.
[26].
Table 2 presents the upper trapezius muscle activities
Unlike conventional studies on the same topic, this
measured while the subjects were maintaining 120° study involved normal adults without any FHP or thoracic
shoulder flexion in two positions of USP and FBP. kyphosis, and controlled the experimental process not to
According to the analysis results, during 120° shoulder cause FHP or kyphosis in the subjects and instructed them
flexion in the USP and FBP, the upper trapezius muscle to perform the FBP by bending only the hip joint. For this
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reason, it is problematic to explain results of the present
study in comparison with those of the previous studies. A
primary factor that changed the upper trapezius in the
present study can be explained as changes in the direction
of gravity due to the FBP. In the USP that is perpendicular
to the force of gravity, gravity works as an external force
causing scapular depression and downward rotation.
However, as observed in this study, gravity during the
FBP acts as an external force causing not only scapular
depression and downward rotation, but also abduction
[31].
As this shows, while the arm is being lifted, scapular
upward rotators are contracted against gravity. In the USP,
muscle activities for scapular elevation and upward
rotation are activated. However, in the FBP, gravity also
becomes an external force leading to abduction. Therefore,
muscle activities are required not only for scapular
elevation and upward rotation, but also for scapular
adduction. Hence, scapular elevators and upward rotators
as well as the upper trapezius that works as a scapular
adductor may have been further activated.
There are some limitations in generalizing the findings
of this study given that it involved only normal adult men
as subjects. Therefore, future studies are required to
investigate changes in the muscle activity of scapular
upward rotators in industrial workers at various trunk
inclination angles.

5. Conclusions
The present study was conducted to investigate the
effects of FBP and shoulder flexion angles on the upper
trapezius muscle activity. Ten normal adult men
participated in the study and 20 scapulae were tested. The
subjects were instructed to perform two positions of
lifting the shoulder joint at a 120˚ angle in each of the
USP and 30° FBP while holding a 1.5 kg dumbbell.
During each position, their EMG signals of the upper
trapezius were measured using an EMG device. Every
muscle activity measured using SEMG was processed to
have the root mean square value, and the activity of each
muscle was calculated as the %MVIC value of the muscle
activity during maximum voluntary isometric contraction
for analysis. To examine changes in the upper trapezius
muscle activity according to shoulder flexion angles in the
USP and FBP, the statistical significance of the resulting
data for each condition was tested using a paired t-test.
The statistical significance level was set at .05.
The findings of this study suggest that the FBP and
shoulder flexion angles can cause changes of increasing
the upper trapezius muscle activity. Therefore, it is
recommended that workers who experience excessive
activation of the upper trapezius or frequently use their
arms should use their arms while maintaining a USP
during work.
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