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Variations in upper limb and trunk muscles
activation during isometric exercises with or
without exertion of control
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Abstract.
BACKGROUND: Muscle activation during isometric contraction can be changed using an external-focus instruction method.
OBJECTIVE: To explore and compare the activity of eight upper limb and trunk muscles during isometric chest squeeze
exercises, performed in the same posture with and without the exertion of control to avoid crushing an object.
METHODS: Muscle activation by an isometric chest squeeze with 45◦ shoulder abduction and forearm pronation was examined.
Isometric chest squeeze exercises were performed while holding objects with maximum pressure, and with exerted control to
avoid crushing the object Muscle activation was measured by surface electromyography.
RESULTS: During the exercises performed while exerting control to avoid crushing the object the lower trapezius (p < 0.001)
and latissimus dorsi (p = 0.03) showed significantly higher activity. During the exercises performed without control, the upper
trapezius, serratus anterior, and pectoralis major showed significantly higher activity (p = 0.016, p < 0.001, p < 0.001,
respectively).
CONCLUSIONS: This novel isometric exercise can increase the scapular muscles in the intermediate range of the glenohumeral
joint. Therefore, it may assist in improving sport performance, in preventing injuries and in rehabilitation following musculoskeletal
injuries.
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1. Introduction

Instructions to athletes, patients, and clients include
information on the muscles involved in various activi-
ties while teaching how to perform exercises effectively.
Muscle activity can change with different instruction
methods [1]. Therefore, it is important to know what
individuals should focus their attention on throughout
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the instruction. The focus of attention can be classified
as either internal or external. Internal focus is when in-
dividuals focus on and consciously control their move-
ments. On the other hand, external focus is when indi-
viduals direct their attention to the movement’s effect.

Internal focus, such as focusing on specific muscles
or body parts, has a measurable effect on changing
muscle activity, even during various activities with no
change in posture [1–3]. Meanwhile, external-focus in-
structions can prompt individuals to focus on the move-
ments’ intended effects on the environment or on an
external object related to the performed task. The use of
external focus has been shown to produce a variety of
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effects, such as improving force production during an
arm curl [4] and increasing the standing long jump dis-
tance [5]. Wulf et al. indicated that the performance of
externally-focused jumps was significantly better than
that of internally focused jumps, with generally lower
electromyography (EMG) activity [6].

Isometric exercises are widely used in rehabilitation
for patients, in preparatory exercises for athletes, and
for the general public to improve their health. Isometric
exercises are characterized by the fact that they do not
involve joint movement, thereby may cause under com-
parable conditions, less stress on the joints. Thus, com-
pared to their dynamic counterparts, isometric exercises
are easier to perform even when there are difficulties in
moving the joints, such as immediately after an injury
or a surgery for musculoskeletal injury or disease. There
are several ways to perform an exercise to achieve an
isometric muscle contraction [7–10]. Regardless of the
unweighted or weighted isometric exercise, maintain-
ing the muscle length and joint angle during muscle
activation is necessary. For example, pushing the hands
together or against a wall can help consciously fix and
hold a certain posture, which helps maintain the muscle
length and joint angle at the same level. Previous reports
have shown that the amount of muscle activity differs
depending on the verbal instruction [11,12]. In these
reports, several types of instructions with external focus
were used, such as focusing on the movement of the
barbell or the bar. These reports analyzed muscle activ-
ity during an isokinetic exercise, and it is unclear how
verbal instructions using external focus affect muscle
activity during an isometric exercise.

There is a possibility that the verbal instructions that
evoke external focus to control an object without crush-
ing it may play an important role in differentially ac-
tivating the muscles that stabilize the upper body. If
changes in muscle activity due to differences in instruc-
tions can be identified, useful information may be ob-
tained for exercise and rehabilitation programs and in
particular, those targeting shoulder and scapula stabi-
lization programs during periods of limited joint move-
ment, occurring in the early phase following an injury
or a surgery for upper limb musculoskeletal diseases.
Furthermore, to the best of our knowledge, such an
exercise has not been described.

Therefore, the purpose of this study was to confirm
the alteration of muscle activity during isometric chest
squeeze exercises, performed while exerting control to
avoid crushing an object whilst maintaining a static po-
sition holding a soft paper balloon. We also assessed
muscle activity during isometric chest squeeze exercises

Table 1
Participants’ characteristics

Parameters Values
Number of participants 24
Age (years) 31 (19–49)
Height (cm) 175 (166–189)
Weight (kg) 75 (58–107)
BMI (kg/m2) 24.4 (20.3–31.7)

BMI, body mass index; n, number.

performed without exerting control to avoid crushing an
object using a hard-plastic cylinder. We hypothesized
that isometric exercises performed while exerting con-
trol to avoid crushing an object would increase muscles
activity to keep the upper limb elevated compared to
the traditional isometric method.

2. Methods

2.1. Participants

Twenty-four healthy male adults aged 19–49 years,
participated in this study (Table 1). An a priori sample
size calculation was conducted with G*power software
3.1.9.4 (Franz, Universitat Kiel, Germany). Based on
a pilot study which compared muscle activity using
the paper balloon method (PBM) and the conventional
isometric method (CIM), the minimum number was 20
participants (effect size = 0.93, alpha = 0.05, power =
0.80, two-tailed). All participants were physically active
and declared three practice sessions per week as part of
a regular exercise routine, but had no experience with
an isometric chest squeeze in their exercise routines.
Before the experiment began, all participants who had a
serious injury within the last 3 months and experienced
pain on the day of examination were excluded. The
participants were instructed to stop when they felt any
pain during any part of the test. None of the participants
discontinued due to injury or pain throughout the study.

2.2. Study design

This was an experimental study that used a within-
participant repeated-measures design. Muscle activity
was the dependent variable, and the type of exercise
was the independent variable. The study was approved
by the Research Ethics Committee of the participating
institution (approval number: M2019-295) on 4 March
2020 and followed the principles of the Declaration of
Helsinki (52nd WMA General Assembly Edinburgh,
Scotland, October 2000) for Medical Research Involv-
ing Human Subjects. All participants provided written
informed consent for participation in this study before
engaging in the trials.
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Fig. 1. a) Paper balloon setup position. b) Hard-plastic cylinder setup
position.

2.3. Procedures

Two types of materials, soft paper balloon and hard
plastic cylinder, were chosen in the exercises, and wire-
less surface EMG was used to compare changes in mus-
cle activation and its variability in the same participants
and in the same session. For the exercise, we selected
the isometric chest squeeze as it requires holding the
materials on both sides and maintaining the same body
position. Muscle activation when performing novel iso-
metric method using a soft paper balloon with con-
trol exerted to avoid crushing the object was compared
with that performed without exerting control using a
hard-plastic cylinder in the same posture. We asked the
participants to maintain their body position and hold
the object while exerting control to avoid crushing the
soft paper balloon (Fig. 1a), and defined this activity
as the paper balloon method (PBM). For the regular
isometric exercise, we selected a hard-plastic cylinder
(Fig. 1b) and asked the participants to perform the ex-
ercise without exerting control to avoid crushing the
cylinder, and defined this activity as the conventional
isometric method (CIM). Both objects had the same
diameter and width so that the hand position would be
the same between both exercises, and the participants
pushed against the object in the same posture.

2.4. Paper balloon

For the PBM, we selected a soft paper balloon, or
Kamifusen (紙風船), a traditional Japanese toy balloon
with a small hole made from rice paper. Despite the
hole, the paper balloon remains inflated due to its abil-
ity to maintain proportional air pressure between the
inside and the outside [13]. During the chest squeezing
exercise, a crumpling paper sound signaled that the bal-
loon was crushed (configuration of the paper balloon:
diameter, 14 cm; weight, 5 g).

2.5. Hard-plastic cylinder

For the CIM, we selected a hard-plastic material cov-
ered by polyurethane in a cylindrical shape, which can
withstand pressure during conditions of maximal effort
in the trials (configuration of the GRID R© Foam Roller
(Durham NC, USA): height, 33 cm; diameter, 14 cm;
weight, 650 g; weight limit, 226.7 kg).

2.6. Trials

All the measurements were performed in one day,
one session. The participants performed four trials, with
two trials each for PBM and CIM. The duration of the
trials was determined based on the preliminary study
and the participants’ possible fatigue due to the maxi-
mum muscle exertion during the exercise task. The par-
ticipants were given 90-s intervals between each per-
formance for rest [14]. The participants were also in-
structed to perform the PBM and CIM under the same
conditions. Before starting the task, the posture was al-
ways visually evaluated by the examiner. Furthermore,
the posture was continuously controlled during the task.
The participants were instructed to sit on the chair in a
natural straight position with the knees and hips flexed
at 90◦ and both hands maintaining the paper balloon or
the hard cylinder in front of their chest, at the height
of the clavicles. The shoulders were placed at 45◦ ab-
duction, and the forearms were pronated (Fig. 1a and
b). The participants were asked to remain in the same
position for the chest squeeze. Verbal instructions were
provided to each participant before the trials to ensure
proper squeezing of the equipment. In both the PBM
and CIM, the participants were instructed to squeeze
the object for 10 s with maximum effort using both
hands. Furthermore, in the PBM, the participants were
instructed to “push with maximum force, being careful
not to crush the paper balloon.” In the CIM, because of
the hard cylinder’s stiffness, the muscle length and joint
angle were maintained. In the PBM, the muscle length
and joint angle were held by maintaining the shape
of the object and position of the hands during maxi-
mal squeeze effort (Table 2). Participants immediately
realized when the paper balloon was crushed by the
sound of the paper crumpling, thus knowing when the
hands were not maintaining position. We did not give
any instruction to focus on a specific body part or mus-
cle group (internal-focus instruction). The instructions
were designed such that participants would focus on an
external object related to the performed task (external-
focus instruction) during the exercise. For each PBM
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Table 2
Standardized instructions for isometric exercises

Exercise Instruction Set up Duration Trials/random
Paper balloon method With the start call, squeeze the paper

balloon as hard as you can without
crushing it. Try to keep the shape of the
paper balloon. Do not change the
posture.

Sit naturally straight on the chair with the
knees and hips flexed at about 90◦, and,
with both hands, bring the paper balloon
or cylinder in front of the chest, between
the clavicle bones to the setting posture.

10 s 2 each

Conventional isometric method With the start call, squeeze the cylinder
as hard as you can. Do not change the
posture.

Table 3
Placement of the EMG electrodes

Muscle Electrode placement location
Upper trapezius One-half the distance between the C7 spinous process and the lateral tip of the acromion
Lower trapezius Two-thirds of the way up the line from the scapular spine root to the eighth thoracic vertebra
Serratus anterior Vertically along the midaxillary line at rib levels 6 through 8
Latissimus dorsi 4 cm below the lower corner of the scapula
Clavicular part of pectoralis major Median muscle belly along the pectoralis major clavicular fibers
External oblique Midpoint between the superior anterior iliac spine and the lower end of the ribs
Internal oblique Approximately 2 cm medial and inferior to the ASIS
Rectus abdominis Right aspects of the umbilicus and oriented parallel with the muscle fibers

EMG, electromyography; ASIS, anterior superior iliac spine.

Fig. 2. Electrode application site for electromyography. I: Posterior view, II: lateral view, III: frontal view of the chest, IV: frontal view of the
abdomen. A: Upper Trapezius, B: Lower Trapezius, C: Latissimus Dorsi, D: Serratus Anterior, E: Clavicular part of Pectoralis Major, F: External
Oblique, G: Rectus Abdominis, H: Internal Oblique.

session, we ensured that the paper balloon was prop-
erly inflated. All participants had no experience with
the PBM exercise, but each watched an instructional
video before coming to the laboratory. Furthermore, on
the day of the experiment, participants had the oppor-
tunity to practice for 5 to 10 min in the laboratory to
familiarize themselves with the exercises.

2.7. Wireless surface EMG

Muscle activity was measured during the exercise
task using surface EMG (Ultium EMG, EM-U810M8,
Noraxon USA Inc., Scottsdale, AZ, USA) and recorded
at 2000 Hz with band-pass filtering (10–500 Hz) on a
personal computer (EM-P5, Noraxon) using a receiver
(EM-U880, Noraxon). Prior to attaching the electrodes,
the skin was shaved, abraded, and cleaned with alcohol.
The electrode application site for EMG was determined
according to previous studies [15,16] and guidelines

by SENIAM (URL: http://www.seniam.org/). Surface
electrodes (Ambu, Blue Sensor M-00-S, Ballerup, Den-
mark) were attached 35 mm apart to the upper trapezius
(UT), the lower trapezius (LT), the serratus anterior (S
Ant), the latissimus dorsi (Lat), the clavicular part of the
pectoralis major (PM), the external oblique (EO), the
internal oblique (IO), and the rectus abdominal (RA)
muscles on the right side. The electrodes for each mus-
cle were attached precisely parallel to the muscle fibers
(Table 3, Fig. 2). The skin impedance was confirmed
to be less than 5 kΩ before each measurement [17]. All
data were rectified and smoothed using a root-mean-
square algorithm and with a 50-ms time reference. This
experimental test was not set for the comparison of
muscle activity levels between muscles. Instead, an am-
plitude comparison was conducted between the signals
from a given muscle between the two exercise tasks
performed by an individual in the same session, strictly
under the same experimental conditions, and without
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Fig. 3. Differences in muscle activity between the exercise tasks for each subject in each muscle.

altering the EMG electrodes [18,19]. The average value
used for analysis (µV-s) was calculated and then aver-
aged over the 5-s isometric contraction (µV). To ana-
lyze the differences in muscle activity between exercise
tasks, the following formula was used to calculate a
ratio for each muscle: PBM/CIM ratio (%) = (mus-
cle activity during PBM)/(muscle activity during CIM)
× 100. A ratio above 100% indicated that the activity
during the PBM was higher than that during CIM. On
the other hand, a ratio below 100% indicated that the
activity during CIM was higher than that during PBM.

2.8. Statistical analyses

Statistical analyses were performed using IBM SPSS
statistics version 25.0 (IBM Corp., Armonk, NY, USA).
The Shapiro-Wilk test was performed to confirm nor-
mality. Since normality could not be confirmed, the
Wilcoxon signed-rank test was used to assess the differ-
ence between the exercise tasks. A p-value < 0.05 was
considered statistically significant in an a priori power
analysis. The data are expressed as medians (interquar-
tile ranges).

3. Results

The medians and interquartile ranges of muscle activ-
ity during each exercise task are shown in Table 4. The
activation of the LT (p < 0.001) and Lat (p = 0.030)
were significantly higher in the PBM than in the CIM.

Table 4
Comparison of the muscle activity between the isometric squeeze
exercises using the paper balloon and the hard plastic-cylinder

Muscle
Paper

balloon
(µV)

Hard plastic
cylinder (µV) p-value

Upper trapezius 102.9 (105.5) 172.3 (185.1) 0.016
Lower trapezius 167.3 (125.5) 40.3 (18.0) < 0.010
Serratus anterior 179.8 (119.5) 371.5 (179.8) < 0.010
Latissimus dorsi 108.8 (64.6) 82.5 (39.3) 0.030
Pectoralis major 96.7 (46.7) 333.5 (194.1) < 0.010
External oblique 118.8 (180.5) 99.4 (99.2) 0.496
Internal oblique 87.0 (143.8) 77.9 (92.9) 0.293
Rectus abdominal 22.1 (25.8) 20.9 (26.7) 0.592

Values are medians (interquartile ranges).

The activation of the UT (p = 0.016), PM (p < 0.001),
and S Ant (p < 0.001) were significantly higher in the
CIM than in the PBM. Both the PBM and the CIM
showed activation of the trunk muscles but no signifi-
cant differences in the activity of the RA (p = 0.592),
EO (p = 0.496), and IO (p = 0.293) was observed
among the exercise tasks. In Fig. 3, the muscle activity
of each subject during the exercise task is shown. The
bar graph in Fig. 4 expresses the ratio between exer-
cise tasks for each muscle. The PBM/CIM ratios of the
LT and LAT were 410% and 175%, respectively. The
PBM/CIM ratios of the UT, PM, and S Ant were 56%,
31%, and 44%, respectively.

4. Discussion

This study investigated muscle activation during two
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Fig. 4. The PBM/CIM ratio in each muscle. PBM, paper balloon method; CIM, conventional isometric method.

types of isometric chest squeeze exercises in the same
posture and position, using external-focus instructions
while holding different objects. In the conventional
isometric method, participants pushed as hard as they
could against the hard material, and a great amount of
pressure was exerted. In the paper balloon method, the
force was exerted with control to avoid crushing the
paper, with the aim of preserving the shape of the object
while maintaining the maximum force towards the pa-
per balloon. The results showed that muscle activation
differed between the two exercises.

The activities of the lower trapezius and latissimus
dorsi were significantly higher in the paper balloon
method than in the conventional isometric method.
However, the activities of the upper trapezius, pectoralis
major, and serratus anterior were significantly lower
in the paper balloon method than in the conventional
isometric method. The difference in instructions may
have altered the degree of co-contraction of the muscles
around the scapula. We assumed that the participants
strongly activated their latissimus dorsi as the antago-
nistic muscle of the pectoralis major to avoid crushing
the paper balloon during the paper balloon method com-
pared to the conventional isometric method. The par-
ticipants volitionally produced the maximum force to-
ward the object while exerting control to avoid crushing
the paper balloon, presumably stabilizing the scapula
by activating the lower trapezius instead of utilizing
the serratus anterior. Several studies have shown that
the LT muscle is activated in the raised shoulder po-
sition [20,21]. For this reason, training of the lower
trapezius is generally performed by raising the upper
limbs. However, we set the participant’s shoulder po-
sition at 45◦ abduction, without elevating the arms.
The LT muscle activity was increased by the instruc-
tion of exerting control to avoid crushing the object
while maintaining the body position during an isomet-
ric exercise. In this study, the paper balloon method

significantly activated the lower trapezius muscle with-
out involving any complicated movement; moreover,
significantly lower activity was maintained in the pec-
toralis major muscle even during maximum effort. In
this respect, the present study presented new data.

The lower trapezius muscle plays an important role
in stabilizing the upper body, rotator cuff, and scapular
movement. Athletes with impingement symptoms show
a significant increase in the upper trapezius activity but
low activation of the lower trapezius during isokinetic
abduction and external rotation [22]. The lower trapez-
ius muscle-focused exercises are significantly more im-
portant for overhead sports [23]. The lower trapezius
muscle strengthening exercise program is a clinically
effective method that can reduce the level of neck pain
or cervical dysfunction [24]. The results of this study
indicate that exercises using the paper balloon method
activate the lower trapezius and latissimus dorsi and
significantly reduce activation of the upper trapezius,
pectoralis major, and serratus anterior in the absence
of instructions to change the body position or focus on
specific body areas or muscle groups. Therefore, the pa-
per balloon method, an isometric exercise method per-
formed with control exerted to avoid crushing an object,
represents a candidate exercise for restoring scapular
muscle balance in shoulder rehabilitation. Supporting
information on the differences between the two types
of isometric exercises is shown in supplemental data.

Performing a new isometric exercise method while
exerting control, so an object, such as a paper balloon,
does not crush enhances the activity of the lower trapez-
ius muscle, which may contribute to improving sports
performance and preventing sports injuries. From a
clinical and rehabilitation standpoint, the paper balloon
method has the potential to be used in shoulder stability
training for patients with physical restrictions, such as
individuals with limited arm mobility, or in exercise
programs for elderly people.
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This study has several limitations. First, we only as-
sessed the participants in a single position while they
applied maximum effort. Different positions can lead
to different outcomes for muscle activation. Second,
we only tested male participants; thus, whether women
would show similar results is unknown. Lastly, we did
not normalize the EMG signals since data were col-
lected/compared in the same subject during the same
session within a short time period [25]. Therefore, these
should be reflected and analyzed in future studies.

5. Conclusions

In apparently healthy subjects who are tested at same
body position, using volitional control to avoid crushing
an object, the novel isometric method described here-
with, enabled activation of the lower trapezius and latis-
simus dorsi while significantly lowering the activation
of the upper trapezius, pectoralis major, and serratus
anterior muscles in the absence of instructions to focus
on a specific body part or muscle group. Therefore,
it may contribute to improving sports performance, in
preventing injuries and in rehabilitation following mus-
culoskeletal injuries.
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