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Abstract
Background/Objectives: Plank exercise is a training method that increases the stability of the core muscles and is commonly
used in the field of rehabilitation. The purpose of this study was to investigate the effect of plank exercise with suspension (PS)
on muscle activation and exertion level in healthy participants.
Methods/Statistical analysis: Twenty-four healthy adults participated in the present study. Surface electromyography measurements
were conducted for two plank exercises: general plank (GP) and PS. The activities of the rectus abdominis (RA), erector spinae
(ES), rectus femoris (RF), and gluteus maximus (GM) muscles of the right and left sides (eight muscles in total) were
investigated. The visual analogue scale was used to compare the exertion levels for the two exercises. Paired t test was used
to analyze difference on muscle activity and exertion level between exercise.
Findings: The activation of the RA and GM was significantly greater in PS than in GP (p<.05). RF activation was significantly
greater in GP than in PS (p<.05). There was no significant difference in ES activation between the two exercises. The exertion
levels also showed no significant difference between the two exercises.
Improvements/Applications: This study demonstrated that PS can more highly activate the RA and GM muscles without
increasing the exertion level than can GP.

1. Introduction

Plank exercise is effective in improving the strength and
endurance of the core muscles, which increases the stability of
the lumbar spine[1]. This stability is known to be important in
improving body movement during various activities[2].
Strengthening the core muscles is typically effective in preventing
and treating back pain. Core strengthening through plank exercise
can reduce the incidence of back injuries and improve exercise
performance[3]. Because of these effects, plank exercise is widely
used in clinical practice as an exercise method to strengthen the
core muscles.

Suspension exercise is a method of training on an unstable

surface by using straps hanging from the ceiling, and has a wide

spectrum of application (from physically weak patients to
athletes)[4]. The use of suspension also has the advantage of
easily adjusting the intensity by simply changing the lever arm.
Because of these advantages, many clinicians use suspension
training as a therapeutic exercise for patients with musculoskeletal
pain. Providing an unstable surface by using suspension
stimulates the neuromuscular system to increase the simultaneous
contraction of muscles, and at the same time enables sensory
motor training[5]. Previous studies have shown that suspension
exercise improves lumbar stabilization, joint mobility, and muscle
endurance, thereby enhancing the function of the core and trunk
muscles[6-11].

Previous studies on general plank (GP) and plank exercise with
suspension (PS) have been reported[10, 11]. Bak et al. studied the
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changes in trunk muscle activity in participants who conducted
PS in various postures[10]. Recently, studies on plank exercise
have shown that the activity of trunk muscles is increased when
modified plank exercise is performed on an unstable surface.
These studies have shown that exercise on an unstable surface
increases the trunk muscle activity; however, the studies did not
focus on the activation of the knee and hip extensors.

Byrne et al. compared GP and various methods of PS in healthy
adults. Their results showed that the rectus abdominis (RA)
muscle showed stronger activation in PS than in GP[11].
However, their study did not focus on the activation of knee and
hip extensors. In addition, the suspension exercise they used is
very difficult to perform because of its high intensity. Patients
with back pain are more likely to experience pain during
high-intensity exercises. Recently, Kahlaee et al. reported that
patients with chronic low back pain did not show a significant
increase in hip extensor activity when performing hip extension
in the prone position[12]. The authors suggested that when
applying exercise to patients, the gluteus maximus (GM) muscle
should be considered in addition to the core muscles. GM
activation through exercise may increase the sacroiliac joint
stability, which may prevent low back pain[13-15]. However,
there has been no study on the effect of PS focused on GM
activation. In addition, previous studies did not compare the
exertion level for the exercises. Considering that the exercise
effects are associated with the exertion level[16], the exertion
level should also be assessed to identify the effect of PS in
improving muscle activity.

Therefore, the aim of this study was to investigate the effect of
PS on the activation of the RA, erector spinae (ES), and knee and

hip extensor muscles, and on the exertion level in healthy adults.

2. Methods
2.1 Subject

Twenty-four healthy adults were recruited. The inclusion criteria
were as follows: body mass index between 18.5 and 25 kg/m2,
no neurological pathology, no history of shoulder or spine
surgery, and no cardiorespiratory disease. The exclusion criteria
were as follows: psychological problems or inability to maintain

the plank position.

2.2 Intervention
All participants were instructed on how to perform each plank

exercise and allowed to practice for 5 min. After the practice, the

next experiment was carried out after a 10-min rest period. For
the GP, the participant was asked to hold the fist with the other
hand and to keep both forearms in contact with the ground. The
distance between the elbows was kept at 30 cm. The two feet
were in contact with a stable ground. The research supervisor
instructed the participants to perform scapular protraction and to
maintain an angle of 90, Drawing of the gluteal and abdominal
muscles was performed to increase the tension of the gluteus and
the abdomen. The height of the shoulders and hip from the
ground was 25 cm. All participants were instructed to perform
regular breathing during the plank exercises|[18].

A suspension exercise device (Redcord AS, Staubo, Norway)
was used for the PS. The height of the suspension was set to be
equivalent to the length from the head to the heel of the
participants. A narrow sling was applied to support the surface of
both knees. The ankles were placed in a comfortable position.
The height of the shoulders, hip, knees, and ankles from the
ground was 25 cm. For the measurement of muscle activity, the
two exercises were repeated five times for 30 s, with an interval
between exercises of 1 min. To prevent fatigue between GP and
PS, all participants were allowed a 10-min break after each

exercise. The order of the exercises was counterbalanced.

2.3 Measurement

Before the experiment, to minimize the noise caused by
impedance, hair on the skin surface was removed with a razor,
and the skin was rubbed five times with sandpaper to remove the
keratin and then cleaned with alcohol-soaked cotton balls.
Electrodes were attached to each of the eight muscles in total
(one to the right side and one to the left side of the RA, ES,
rectus femoris [RF], and GM). The electrode attachment sites for
each muscle were as follows[17]: for the RA, between the
umbilicus and pubis to the middle of the muscle belly; for the
ES, above and below the L1, midway of the muscle belly; for the
RF, approximately half of the distance between the knee and the
anterior superior iliac spine at center of the anterior portion of the
thigh; and for the GM, parallel to the orientation of the midpoint
of the superior muscle fibers between the second sacral vertebra
and the greater trochanter. After attaching the electrodes, surface
electromyography (Noraxon, Scottsdale, AZ, USA) was used to
set the sampling rate to 3072 Hz. To set the frequency of the
muscle to be tested, the band pass filter was set to 10 - 450 Hz,

and filtering and root mean square processing were performed.
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3. Results

3.1 General characteristics

The general characteristics of the participants are presented in
Table 1.

[Table 1] General characteristics

Variables Participants  (n = 24)
Sex (men / women)® 15/9
Age (years)” 23.96 + 2.79
Height (cm)® 168.58 + 7.56
Weight (kg)° 60.04 £ 9.58
BMI 20.96 + 1.77

Values are expressed as the number of participants®ormean+SD".
BMI, body mass index

3.2 Muscle activity

RA and GM activity was significantly greater in PS than in GP
(p<.05), whereas RF activation was significantly lower in PS
(p<.05). ES activation was not significantly different between the
two exercises (Table 2). There was no significant difference
between the right and left muscles in the two exercises (RA: GP
(p=607), PS (p=430); ES: GP (p=202), PS (p=.556); RF: GP
(p=607), PS (p=430); and GM: GP (p=796), PS (p=348))
(Table 2).

[Table 2] Comparison of core muscle activation during plank
exercises
Plank using
variables General Plank sling ; »
Mean + SD Mean + SD
RA .
+ + -
(MVIC %) 33.88 + 15.05 52.38 + 20.08 6.666  .000
ES 5.50 £ 2.02 6.08 £ 3.14 962 346
. (MVIC %) ’ ’ ' ' ' '
Right RF
4 4
(MVIC %) 21.30 + 7.57 12.33 + 6.20 7.398  .000
GM -
+ + -
(MVIC %) 19.10 = 12.70  23.87 + 9.99 3.067  .008
RA 33.57 + 1430  51.90 + 19.19  -6.593  .000™"
(MVIC %) ’ ’ ' ’ ’ '
ES 5.63 £ 2.30 6.09 + 2.46 1.190 246
(MVIC %) ’ ’ ' ' ’ ’
Left RF
N N .
(MVIC %) 21.00 + 7.85 11.86 + 7.43 7.242  .000
GM .
+ + _
(MVIC %) 18.89 + 13.98 2247 + 11.00 -2.715 .016
MVIC, Maximal voluntary isometric contraction; RA, Rectus
abdominis; ES, Erector spinae; RF, Rectus femoris; GM, Gluteus
maximus

4. Conclusion

The current investigation was conducted to compare the muscle

activity and exertion levels between PS and GP. Our results

showed that the exertion level was similar between the two

exercises, and that PS resulted in stronger activity of the RA and
GM than did GP. These findings suggest that PS can be a more

effective exercise method than GP.
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