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Abstract.
BACKGROUND: Trunk muscle activity during isometric exercise is altered by external-focus instruction.
OBJECTIVE: To check alterations in trunk muscle activity during side plank exercise both with and without instructions to
refrain from crushing an item (external-focus instruction method).
METHODS: Twenty-one healthy men aged 20–49 participated in this study. Ten trunk muscle activities were measured using
surface electromyography during side plank exercises both with and without external-focus instruction. The unpaired t-test or
Mann–Whitney U test was used to compare differences between exercise tasks and between sides.
RESULTS: Side plank exercise with external-focus instruction increased activity of the upper trapezius, lower trapezius, latissimus
dorsi, medial head of the triceps, and internal oblique on the supported side when compared with that without external-focus
instruction (p < 0.05 for all). On the unsupported side, side plank exercise with external-focus instruction significantly increased
activity of the upper trapezius, lower trapezius, latissimus dorsi, medial head of the triceps, clavicular part of the pectoralis
major serratus anterior, external oblique, rectus abdominis, internal oblique, and multifidus when compared with that without
external-focus instruction (p < 0.001 for all).
CONCLUSIONS: Adding the external-focus instruction method to the conventional side plank exercise may be effective in
increasing the trunk muscles’ activity.

Keywords: Isometric contraction, trunk muscles, spine stabilizing, instruction, exercise therapy

1. Introduction

Rehabilitation professionals have used plank (bridge)
exercises to activate the trunk muscles in healthy indi-
viduals and those with low back pain [1–3]. Further-
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more, trunk stability training is practical for sports per-
formance, enhancing vertical takeoff velocity with leg
strength training or combining trunk stability and leg
strength training [4].

Side planks effect oblique and lumbar paraspinal re-
cruitment and have been analyzed with and without a
Swiss ball [5]. Trunk neuromuscular activity is signifi-
cantly higher with additional motor task perturbations
when side planks are performed on unstable surfaces
compared to when performed on stable surfaces [6,7].
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Most studies have examined changes in muscle activa-
tion upon limb or position variations [3,5].

Murofushi et al. introduced a novel isometric exer-
cise, an external-focus instruction method performed
while exerting control to avoid crushing a paper bal-
loon maintaining a static position and holding the soft
paper balloon during a chest squeeze exercise [8]. This
method significantly activates the lower trapezius mus-
cle without involving any complicated movements It
causes agonist and antagonist muscle co-contraction
between the lower trapezius (LT) and upper trapezius
(UT), latissimus dorsi (Lat) and clavicular part of pec-
toralis major (PM) muscles. It is thought that adding
external-focus instruction to the side plank exercise,
which increases the activity of the trunk muscles [9],
can induce a co-contraction and further increase the
activity of the trunk muscles [8,9]. However, no re-
ports have examined how the activity of upper limb and
trunk muscles changes when external-focus instruction
is added to the side plank exercise using a paper bal-
loon Also, no reports examine activation on the unsup-
ported side during the side plank when external-focus
instruction is added.

This study explored changes in trunk muscle activity
during the side plank exercise by adding external-focus
instruction for pressing a paper balloon with the palm
toward the ground. This study aimed to verify whether
this method can be adopted for trunk muscle activa-
tion training through side plank exercises. We hypothe-
sized that 1) trunk muscle activity during side plank on
the supported side would be significantly higher in the
external-focus instruction method using paper balloons
than in the conventional exercise condition, and 2) trunk
muscle activity during side plank on the unsupported
side would be significantly higher in the external-focus
instruction method using paper balloons than in the
conventional exercise condition.

2. Methods

2.1. Participants

Twenty-one healthy male adults aged 20–49 partici-
pated in this study (Table 1). All participants were phys-
ically active, participated in three practice periods per
week as part of a regular exercise program, and had
experience in regular side plank exercise (without using
a paper balloon). Before starting the experiment, par-
ticipants who had a clear history of orthopedic disease
within the past three months or were restricted or in-

Table 1
Participants’ characteristics

Parameters Values (interquartile range)
Number of subjects 21
Age, y 31.3 (20–49)
Height, cm 174.6 (166–189)
Weight, kgf 77.6 (65–132)
BMI, kg/m2 25.3 (20.3–42.1)
Sex
Male, n 21

BMI, body mass index; n, number.

hibited from participating in sports for medical reasons
at the medical interview were excluded. In addition,
anyone who felt pain on the examination day was ex-
cluded. The participants were instructed to stop if they
felt pain during any phase of the test. None of the par-
ticipants stopped treatment due to injury or pain during
the examination.

2.2. Study design

This study used a within-participant or repeated-
measures design. Muscle activity was the dependent
variable, and the form of exercise was the indepen-
dent variable. The study was approved by the research
ethics committee of the participating institution (ap-
proval number: M2019-295) on March 4, 2020 and
followed the principles of the declaration of Helsinki
(52nd World Medical Association General Assembly,
Edinburgh, Scotland, October 2000) for medical re-
search involving human subjects. All participants pro-
vided written informed consent for participating in the
study before beginning the trials.

2.3. Procedures

Side plank exercises were performed, and wireless
surface electromyography (EMG) was used to analyze
changes in muscle activation and its variability within
the same participants and period. Muscle activation
when performing the isometric method using a soft pa-
per balloon [10] with control exerted to avoid crushing
the item with the hand towards the ground was com-
pared with that achieved by regular side plank exercise.

We requested the participants to keep their body po-
sition static and hold the item while exerting control to
avoid crushing the soft paper balloon (Fig. 1a) and iden-
tified this activity as the paper balloon method (PBM).
For the regular isometric exercise, we chose a steel ball
to be placed in the hand (Fig. 1b) and identified this
activity as the conventional side plank method (CSPM).
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Table 2
Exercise setup and prescribed instructions for PBM and CSPM

Exercise Duration Trials/random Set up Instructions
PBM 10-s 2 Participants lie down and bear weight on one side with the

shoulder abducted and elbow flexed at 90-degrees each.
The wrist is pronated and extended slightly with radial
deviation. The legs are split, putting the supporting side in
front and the non-supporting side in the back with the toe
touching the heel in front. The head, trunk, and feet were
kept in a line. The hand on the non-weight-bearing side is
on the pelvis with the elbow bent and relaxed

Push with maximum effort without
crushing the paper balloon while
maintaining the starting posture

CSPM Keep the hand on the steel ball
while maintaining the starting
posture

PBM, paper balloon method; CSPM, conventional side plank method.

Fig. 1. a: Paper balloon method (PBM) hand setup, b: Conventional side plank method (CSPM) hand setup, I: Right PBM, II: Left PBM, III: Right
CSPM, IV: Left CSPM.

For PBM, we chose a soft paper balloon called kam-
ifusen (紙風船) in Japanese, a classic Japanese toy
balloon with a small hole made from rice paper (con-
figuration of the paper balloon: ϕ = 90 mm; mass =
0.001 kg). For CSPM, we placed a hand on the steel
ball having the same diameter and width as the paper
balloon on the supported side so that the hand position
would be similar in both exercises. (2.0 kg, ϕ 88 mm,
NISHI Athletics Goods Co. Ltd, Tokyo, Japan).

2.4. Trials

The participants completed four trials, with two trials
each measuring muscle activities on the supported and
unsupported sides of the trunk during PBM and CSPM,
respectively. Each trial was conducted randomly. The
continuation of the trials was regulated based on a prior
study and the participants’ potential fatigue due to max-
imum muscle effort during the exercise task. The par-
ticipants were given 90-s intervals between each perfor-
mance to rest [11]. During the task, the examiner visu-
ally assessed the posture to see if it was held correctly.

The participants were instructed to remain in the
same position during the side plank exercises. The par-
ticipants were instructed to lie down and bear weight
on one side with the shoulder abducted, elbow flexed
at 90◦ each, wrist pronated and extended slightly with
radial deviation. (Table 2, Fig. 1I–IV).

Verbal instructions were issued to each participant
before the trials to ensure proper pressing of the equip-
ment for PBM. For PBM, participants were instructed
to push without crushing the paper balloon for 10-s with
maximum exertion using the supported hands to push
with maximum force, being careful not to crush the
paper balloon (Table 2). For PBM, the joint angle was
maintained by preserving the shape of the paper bal-
loon and the position of the hands while using maximal
effort (Fig. 1-a, I, II). Participants instantly recognized
when the paper balloon was crushed due to the sound
of the paper collapsing, indicating when the hands were
not maintaining the position. The instructions were cre-
ated such that participants would focus on an exter-
nal item relevant to the performed task (external-focus
instruction) during the exercise.

For CSPM, the participants were instructed to place
their hands on a steel ball instead of a paper balloon,
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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 2/3 of the way up the line from the scapular spine root to the 8th thoracic vertebra
Latissimus dorsi 4 cm below the lower corner of the scapula
Medial head of the triceps At 50% on the line between the posterior tip of the acromion and the olecranon at 2 fingerwidths

medial to the line
Clavicular part of pectoralis major Medial muscle belly along the pectoralis major clavicular fibers
Serratus anterior Vertically along the midaxillary line at rib levels 6 through 8
External oblique The midpoint between the ASIS and the lower end of the ribs
Rectus abdominis Right aspects of the umbilicus and oriented parallel with the muscle fibers
Internal oblique Approximately 2 cm medial and inferior to the ASIS
Multifidus At the level of L5, on the line drawn between PSIS to L1-2

EMG, electromyography; ASIS, anterior superior iliac spine; PSIS, posterior superior iliac spine.

Fig. 2. The electrode application site for electromyography. I, posterior view of the upper back; II, posterior view of the lower back; III, lateral
view; IV, frontal view of the chest; V, frontal view of the abdomen; A, upper trapezius; B, medial head of the triceps brachii; C, lower trapezius;
D, multifidus; E, latissimus dorsi; F, serratus anterior; G, clavicular part of pectorals major; H, external oblique; I, rectus abdominis; J, internal
oblique.

maintaining the same posture as in PBM (Fig. 1-b, III,
IV).

We did not instruct participants to focus on a specific
body part or muscle area (internal-focus instruction).
None of the participants had experience with the PBM
exercise, but each watched a video for guidance before
coming to the laboratory. Furthermore, on the examina-
tion day, participants had the opportunity to experiment
for 5–10-min in the laboratory to acquaint themselves
with the exercises.

2.5. Wireless surface EMG

Muscle activity was measured during the exercise
task with surface EMG (Ultium EMG, EM-U810M8,
Noraxon USA Inc., Scottsdale, AZ, USA). It was
recorded at 2000 Hz with band-pass filtering (10–
500 Hz) on a laptop computer (EM-P5, Noraxon)
with a receiver (EM-U880, Noraxon). Before affix-
ing the electrodes, the skin was shaved, abraded, and
cleaned with alcohol. The electrode application site for
EMG was determined according to prior studies [12,13]
and the guidelines of Surface ElectroMyoGraphy for

the Non-Invasive Assessment of Muscles (SENIAM;
http://www.seniam.org/). Surface electrodes (Ambu,
Blue Sensor M-00-S, Ballerup, Denmark) were attached
35 mm apart from the UT, LT, Lat, medial head of the
triceps brachii (MT), PM, serratus anterior (S Ant), ex-
ternal oblique (EO), rectus abdominis (RA), internal
oblique (IO) and multifidus (MF) muscles on the right
side. The electrodes for each muscle were precisely
attached parallel to the muscle fibers (Table 3, Fig. 2).
Skin impedance was verified to be less than 5 kΩ be-
fore each measurement [14]. Data were rectified and
smoothed using a root-mean-square algorithm with a
50-ms time reference. This experimental test followed
the previous research method, Murofushi et al. [8], not
set for comparing muscle activation levels between the
muscles. Rather, an amplitude comparison was made
between signals from a given muscle between the two
exercise tasks performed by an individual in the same
period, under the same experimental conditions, and
without altering the EMG electrodes [15,16]. The mean
value of muscle activity (µV) was calculated for 5-s
during the exercise task, and the average of two times
was used as the analysis value.
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Table 4
The activity of each muscle in PBM and CSPM with and without support

Muscle Supported side [µV] Unsupported side [µV]
PBM median

(interquartile range)
CSPM median

(interquartile range)
PBM median

(interquartile range)
CSPM median

(interquartile range)
Upper trapezius 39.95 (35.95) 22.65 (23.40) 39.25 (48.55) 8.36 (2.79)
Lower trapezius 77.60 (71.75) 27.65 (33.35) 137.00 (89.35) 34.80 (26.40)
Latissimus dorsi 166.00 (171.50) 69.80 (76.70) 93.20 (154.35) 13.25 (19.73)
Medial head of the triceps 130.5 (112.60) 38.35 (25.25) 71.50 (59.45) 3.18 (3.80)
Clavicular part of pectoralis major 50.65 (50.00) 25.65 (28.50) 76.7 (89.20) 12.85 (11.34)
Serratus anterior 175.50 (82.50) 123.50 (100.05) 84.2 (43.45) 14.55 (17.53)
External oblique 154.00 (127.00) 84.30 (121.80) 163.00 (230.30) 25.80 (33.80)
Rectus abdominis 94.75 (71.45) 53.35 (41.75) 48.10 (27.35) 14.30 (5.46)
Internal oblique 124.50 (148.30) 60.50 (48.25) 81.95 (113.80) 18.75 (23.85)
Multifidus 73.85 (57.50) 56.45 (40.40) 20.55 (12.85) 10.00 (3.68)

PBM, paper balloon method; CSPM, conventional side plank method.

Fig. 3. Differences in muscle activity between exercise tasks. * vs CSPM (Support side), p < 0.0125; †vs PBM (Support side), p < 0.0125; ‡vs
CSPM (Non-Support side), p < 0.0125; §vs PBM (Non-Support side), p < 0.0125. CSPM, conventional side plank method; PBM, paper balloon
method; UT, upper trapezius; LT, lower trapezius; Lat, latissimus dorsi; MT, medial head of triceps; PM, clavicular part of the pectoralis major; S
Ant, serratus anterior; EO, external oblique; RA, rectus abdominal; IO, internal oblique; MF, Multifidus.

2.6. Statistical analyses

Statistical analyses were performed using IBM SPSS
(version 27.0; IBM Corp., Armonk, NY, USA). The
Shapiro–Wilk test was performed to determine normal-
ity. Depending on the normality of the distribution, the
unpaired t-test or Mann – Whitney U test was used
to compare the difference between exercise tasks and
between sides. A two-way analysis of variance was not
used because most data were not normally distributed.
A p-value < 0.05 was considered statistically signifi-
cant in an a priori power analysis. Since the test was
performed four times in each muscle, the significance
level was adjusted to 0.0125 (0.05/4) by Bonferroni cor-
rection. Data are expressed as the median (interquartile
range). Cohen’s d and its 95% confidence interval were

represented for the effect size of the unpaired t-test and
Mann – Whitney U test with value ranges of 0.20–0.49,
0.50–0.79, and > 0.80, indicating small, medium, and
large effects, respectively [17].

3. Results

The muscle activity in each exercise and the sta-
tistical analysis results are shown in Fig. 3 and Ta-
bles 4 and 5 respectively. On the supported side, side
plank exercise with external-focus instruction signif-
icantly increased activity of the upper trapezius (p =
0.007), lower trapezius (< 0.001), latissimus dorsi (<
0.001), medial head of the triceps (< 0.001), and in-
ternal oblique (p = 0.001) compared to that without
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external-focus instruction. On the unsupported side,
side plank exercise with external-focus instruction sig-
nificantly increased activity of the upper trapezius (<
0.001) lower trapezius (< 0.001), latissimus dorsi (<
0.001) medial head of the triceps (< 0.001), clavicular
part of the pectoralis major (< 0.001), serratus anterior
(< 0.001), external oblique (< 0.001), rectus abdominis
(< 0.001), internal oblique (< 0.001), and multifidus
(< 0.001) compared to that without instruction.

4. Discussion

Compared to conventional side planks, side planks
with external-focus instruction using paper balloons
increased trunk muscle activity on the supported side.
In addition, the activity of the trunk muscles on the
unsupported side was also increased. The results of this
study supported our hypothesis.

In this study, a side plank exercise was performed us-
ing a paper balloon while exerting control not to crush
the item. In a previous study, Murofushi et al. demon-
strated externally focused instruction while exerting
control to avoid crushing an item maintaining a static
position and holding a soft paper balloon during a chest
squeeze exercise [8]. This method significantly acti-
vated the LT without involving any complicated move-
ment. Furthermore agonist and antagonist muscle co-
contractions were found between LT and UT, Lat and
PM. The greater the force exerted by the agonist mus-
cles, the more the appropriate amount of contraction of
the antagonist muscle is required to maintain the posture
and joint angle [8]. Previous studies have reported that
a collection of trunk muscles work synchronously to
maintain and stabilize posture [18]. Based on the above,
we considered that the co-contraction of the trunk mus-
cles during side plank exercise was further enhanced
by external-focus instruction, resulting in a significant
increase in the trunk muscle activity.

A previous study reported that various methods en-
hance side plank exercise with position changes [5,19].
In addition, exercise on unstable surfaces is a com-
mon method of activating trunk muscles. Instability in-
duces the muscles to react to maintain posture [6,7].
The results of the present study provide new data in
that side planks with external-focus instruction using
paper balloons can increase supported and unsupported
side trunk muscle activity without changing the body
position.

From a clinical and rehabilitation point of view, PBM
can be performed in trunk stability training for patients.

Exerting control not to crush the object during side
plank exercise with external-focus instruction can help
train antagonist muscles by motor learning. Moreover,
this method is highly convenient. Without using special
tools or applying an external force using devices such as
unstable elements, muscle contraction by external-focus
instruction not to crush an object can produce the same
effect as that with unstable conditions. Furthermore, in
most rehabilitation programs, patients train with their
injured arms. However, this method allows a training
approach from the opposite side (i.e., non-injured arm)
to avoid loading the injured arm. Therefore, this method
could be widely prescribed as a new side plank exercise
that can activate the trunk muscles in rehabilitation and
sports settings.

This study had several limitations. First, we only
examined the participants in a single position while
exerting maximum effort. Different positions may lead
to different muscle activation results. Second, we only
measured regular side plank exercises with PBM Lastly,
we did not normalize the EMG signals because data
were collected and compared for the same participants
during the same period within a short time [20]. Thus,
these factors should be assessed and investigated in
future studies

5. Conclusions

This study examined the differences in trunk muscles
activity during side planks with and without external-
focus instruction in healthy male subjects. The results
showed that the activity of the trunk muscles on both
the supported and unsupported sides increased with
external-focus instruction compared to conventional
side planks. Further, the differences between these mus-
cle activations for the supported and unsupported sides
were reduced. The results of this study can be used for
effective training instruction for the trunk muscles.
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