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Objective: The purpose of this study was to investigate the conditions for the application of various plank exercises to people who 

require trunk stabilization by comparing trunk muscle activity according to the degree of hip abduction in the plank exercise.

Design: Cross-sectional study.

Methods: Twenty healthy participants voluntarily participated in this study and the plank exercise was performed under 5 con-

ditions (two-legged support plank [TSP] with hip abduction, TSP with hip abduction of 15 degrees, TSP with hip abduction of 30, 

one-legged support plank [OSP] with hip abduction of 15 degrees, OSP with hip abduction of 30 degrees). In order to measure the 

trunk muscle activity according to the 5 conditions, surface electromyography was used. The electrical activities of the rectus ab-

dominis (RA), external oblique (EO), and internal oblique (IO) muscles were measured during the 5 plank exercises. Subjects 

practiced each of the 5 conditions three times in random order and the average values were obtained.

Results: In the OSP condition with 15/30 degrees of hip abduction, activities of the RA, EO, and IO were significantly greater 

than during the TSP (p<0.05). In the OSP with 30 degrees of hip abduction condition, activities of the left EO, IO were sig-

nificantly greater than other plank exercise conditions (p<0.05).

Conclusions: The plank exercise with hip abduction of 30 degrees and the OSP exercise can be suggested as an effective method 

to enhance the activity of the trunk oblique muscles.
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Introduction

Trunk stabilization exercises are one of the important 

components of rehabilitation training for increasing trunk 

muscle activation [1] because it is possible to re-educate the 

trunk muscles for proper activation and coordination through 

improved exercise control, and they can lead to improve-

ment of vertebral stability [2,3]. It also maintains spinal 

alignment, provides adequate motion control for functional 

activity, and is widely used to prevent and treat back pain [4].

The development of core muscles is important in many 

functional activities because it improves trunk stability, pro-

vides proximal stability of the body, and facilitates distal 

movement [5]. The core muscles include various muscles, 

such as the rectus abdominis (RA), internal and external ob-

liques (EOs), and the multifidus muscles. Since they are in-

volved in controlling the the neutral position of the vertebrae 

during dynamic functional activities, it is important perform 

exercises to increase the activity of the internal and EO mus-

cle activity [6].

Plank exercises are popular for strengthening the core 

muscles, including internal and EO muscles [7], and is a pas-

sive and active stabilizer of the lumbar pelvis region that 

maintains proper balance and control of the trunk and hip 
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Table 1. General characteristics of the subjects  (N=20)

Characteristic Subjects

Sex (male/female) 20 (16/4)

Age (y) 27.75 (1.62)

Height (cm) 173.20 (5.69)

Weight (kg) 66.25 (7.89)

Values are presented as number only or mean (SD).

joint during both static and dynamic movement of the body 

[8]. Sit-ups, crunches, and plank movements spinal stabili-

zation exercises that are effective for strengthenening the 

core muscles without time and space constraints [9]. When 

comparing sit-up exercises and plank exercises, which have 

been widely used as stabilizing exercises for the trunk, sit-up 

exercises increase the compression force on the vertebrae, 

making it easy to cause degenerative spinal injuries [10]. On 

the other hand, plank exercise is an optimal exercise to in-

crease abdominal muscle strength because the lumbar pelvic 

region can be placed in a neutral position to reduce the load 

placed onto the vertebrae [7].

There have recent been studies on modified plank mo-

tions with the addition of limb movements.

Kim et al. [6] reported increased activity of the RA and in-

ternal and EO muscles in the plank exercise with isometric 

contraction of the hip adduction muscles. Schoenfeld et al. 

[11] reported increased rectus abdominus and EO muscle 

activity during the modified plank exercise. In addition, 

when the posture with hip abduction was maintained in the 

stance position, the activity of the anterior muscles of the 

trunk was greater on an unstable surface than in the stable 

basal plane [12]. As shown in the above study, the addition 

of limb movements to the trunk muscle stabilization ex-

ercises further increased abdominal activation [13], and in 

particular, the movement of one limb further increased the 

activity of the abdominal muscles associated with trunk sta-

bility [14]. Although there are several studies that show that 

plank exercises are effective, there are few studies that have 

investigated the activation of trunk muscles during plank ex-

ercises according to postural changes [9], and studies with 

limb movements during modified plank exercise are also 

lacking.

In particular, there are few studies that have investigated 

trunk muscle activity during plank exercises according dif-

ferent hip abduction angles. Therefore, the purpose of this 

study was to investigate the activation of the trunk muscles 

when the abduction angle of one hip joint was differentiated 

during the plank exercise and to provide basic information 

on effective plank exercise methods. 

Methods

Participants

This study was conducted on adult males and females (16 

males and 4 females) working in SOL hospital who under-

stood the study and expressed their intention to participate 

actively. This study was approved by the research Sah-

myook University Life Science ethics committee (IRB No. 

2-7001793-AB-N-012019006HR) and informed consent was 

obtained.

The subjects of the study were selected as those who had 

no musculoskeletal or nervous system or cardiovascular dis-

ease and symptoms in the trunk, upper limb, and lower limb 

during the past 6 months and did not complain of shoulder 

pain and back pain in performing the plank exercise posture, 

those who did not perform extreme exercise the day before 

the experiment, and healthy adults who did not have any ac-

companying diseases that would restrict other research ac-

tivities. The exclusion criteria were those medically diag-

nosed with back and upper limb damage, those who could 

not be tested because of musculoskeletal injuries, those who 

have been diagnosed with medical problems that would re-

strict them from exercising, and those who have consumed 

alcohol on the day before and the day of the experiment 

(Table 1).

Procedures

The maximum voluntary isometric contraction (MVIC) 

was measured after attaching electrodes to both the RA and 

the external and internal oblique (IO) muscles of the subjects 

[9]. Prior to the experiment, the researchers selected the hip 

joint abduction site of the lower limb. After measuring 0, 15, 

and 30 degrees of hip abduction with a goniometer on the 

mat to be tested for each subject, the position of the sub-

jects’left leg was indicated by markers at the corresponding 

angle point, and the position of the right leg placed at the lev-

el of the right end of the mat. Prior to the experiment, the re-

searchers ensured that the subjects were able to understand 

the experimental method by providing explanation about the 

plank posture and allowing the subject so practice each 

plank more than 3 times [20]. The plank exercises were per-

formed in 5 different postures randomly, with each repeated 

3 times.
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Figure 1. Plank exercise. (A) Two-leg-

ged support plank with hip abduction. 

(B) One-legged support plank with hip

abduction.

Two-legged support plank with 0° of hip abduction

In the prone position, the elbows and forearms of the up-

per limbs were placed on the floor and were at right angles 

with the shoulders. The legs were fully extended without 

any hip abduction and with only the tip of the feet touching 

the floor (Figure 1A) [6,9].

Two-legged support plank with 15° of hip abduction

In a basic plank posture, such as a two-legged support 

plank (TSP), the right leg remained intact and the left hip 

was abducted to 15° (Figure 1A).

Two-legged support plank with 30° of hip abduction

In a basic posture, such as a TSP, the right leg remained in-

tact and the left hip was abducted to 30° (Figure 1A).

One-legged support plank with 15° of hip abduction

In the TSP position, the right leg was in contact with the 

floor while the left leg was raised up from the floor with the 

hip 15° of abduction (Figure 1B).

One-legged support plank with 30° of hip abduction

In the TSP position, the right leg was in contact with the 

floor while the left leg is raised up from the floor with the hip 

in 30° of abduction (Figure 1B).

All subjects were instructed to perform the 5 different 

flank positions and to maintain each position for 5 seconds. 

Each plank condition was repeated three times and the sub-

jects were allowed to take one-minute rest between each 

condition. The experiment was carried out in random order 

[20].

Measurement

Collection of electromyography data

Muscle electromyography (EMG) signals measured in 

this study were processed by full wave rectification using 

the Myoresearch XP Master edition software (2013; Noraxon 

Inc., Scottsdale, AZ, USA) and the root mean square. The 

maximum voluntary contraction (MVC) value was calcu-

lated by dividing the MVIC value by the percent MVC value 

[9]. Each plank posture was maintained for 5 seconds but da-

ta was analyzed during a stable period of 3 seconds with the 

first and last second extracted, and after the average values 

were obtained from repeating the measurement three times 

in all conditions, data was normalized to MVIC values 

[6,20]. To investigate muscle activity during the plank ex-

ercise, the surface EMG Telemyo DTS EMG system (2013; 

Noraxon Inc.) was used. The sampling rate of the EMG sig-

nal was set to 100 Hz and the frequency bandwidth was 10 

to 450 Hz [20].

The electrodes were attached to the RA muscle at the site 

2 cm away from the navel, between the iliac crest and the rib 

for the EO, and inward and downward from the anterior su-

perior iliac spine (ASIS) 2 cm apart from each other for the 

IO [15]. In order to minimize skin resistance, leg hair was re-

moved from the electrode site with a disposable razor before 

attaching the electrode, and the electrode was cleaned with 

alcohol to remove the oil or foreign matter [9].

Prior to the experiment, MVIC measurements were per-

formed to obtain the contraction values of the RA, the EO, 

and the IO muscles for 5 seconds. For the RA, external and 

IO muscles, the MVIC was obtained by having the subject 

start in the supine position, and with the therapist fixating the 
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Table 2. Comparison of activities of trunk muscle in plank exercise with hip abduction (N=20)

Condition
Rectus abdominis External oblique Internal oblique

Right Left Right Left Right Left

TSP with HAB0(
o
) 18.20 (8.48) 18.35 (7.17) 25.78 (8.72) 27.18 (12.49) 19.50 (7.25) 19.13 (7.77)

TSP with HAB15(
o
) 19.66 (8.08) 20.31 (8.04)

a
29.88 (11.67)

a
31.40 (14.22)

a
25.06 (10.60)

a
24.10 (10.45)

a

TSP with HAB30(
o
) 23.18 (9.53)

a,b
22.82 (8.38)

a,b
32.47 (13.00)

a,b
34.43 (16.71)

a,b
29.52 (11.63)

a,b
27.35 (12.68)

a,b

OSP with HAB15(
o
) 25.92 (14.87)

a,b
25.34 (14.83)

a
34.62 (15.57)

a,b
 36.72 (14.97)

a,b
32.57 (15.52)

a,b
32.25 (15.41)

a,b

OSP with HAB30(
o
) 27.97 (15.07)

a,b,d
27.26 (15.11)

a,b,d
35.55 (15.32)

a,b,d
41.27 (14.59)

a,b,c,d
35.70 (17.26)

a,b,d
34.75 (16.51)

a,b,c,d

F (p) 7.29 (0.001) 9.51 (0.001) 10.92 (0.001) 5.08 (0.001) 14.35 (0.001) 15.99 (0.001)

Values are presented as mean (SD).

TSP: two-legged support plank, HAB: hip abduction, OSP: one-legged support plank.
a
Statistically significant difference with TSP with HAB0 (p<0.05). 
b
Statistically significant difference with TSP with HAB15 (p<0.05). 
c
Statistically significant difference with TSP with HAB30 (p<0.05).
d
Statistically significant difference with OSP with HAB15 (p<0.05).

thighs the subject lifted the upper body so that the spine of 

the scapula was not in contact with the floor. For the internal 

and EOs muscles, subjects were placed in the testing posture 

of the rectus abdomins with the addition of rotational resist-

ance [16].

Data and statistical analysis

The collected data were analyzed using IBM SPSS 

Statistics for Windows, Version 19.0 (IBM Co., Armonk, NY, 

USA). The general characteristics of the subjects were ana-

lyzed by descriptive statistics and one-way repeated meas-

ures ANOVA was performed to investigate the effect of per-

forming the plank exercises with various hip joint abduction 

angles on trunk muscle activity. The least significant differ-

ence was used for post-test to see if there were any differ-

ences in the muscle activity between the plank conditions. 

All data were statistically significant at p<0.05.

Results

Comparison of bilateral rectus abdominis muscle activity

The TSP with hip abduction (HAB)30 condition showed 

significantly greater muscle activity than TSP with HAB0 

and TSP with HAB15 plank conditions (p<0.05). In one-leg-

ged support plank (OSP) with HAB15, the muscle activity of 

right RA muscle was significantly greater than TSP with 

HAB0 and TSP with HAB15 plank conditions (p<0.05). 

However, there was no significant difference compared with 

TSP with HAB30. In the OSP with HAB30, the TSP with 

HAB0, TSP with HAB15, and OSP with HAB15 had sig-

nificantly greater muscle activity than the right RA muscle 

(p<0.05) (Table 2).

However, there was no significant difference when com-

paring TSP with HAB30. In TSP with HAB15, the muscle 

activity of the left rectus abdominus muscle was signifi-

cantly larger than that of TSP with HAB0 (p<0.05). The TSP 

with HAB0, TSP with HAB0, and TSP with HAB15 showed 

significantly greater muscle activity than the TSP with HAB0 

(p<0.05). In OSP with HAB15, the left RA muscle activity 

was significantly greater than TSP with HAB0 (p<0.05). 

However, there was no significant difference between TSP 

with HAB15 and TSP with HAB30. In OSP with HAB30, 

the muscle activity of the left lateral RA muscle was sig-

nificantly greater than that of TSP with HAB0, TSP with 

HAB15 and OSP with HAB15 plank conditions (p<0.05) 

(Figure 2, Table 2).

Comparison of bilateral external oblique muscle activity

The TSP with HAB15 showed significantly greater bilat-

eral EO muscle activity than the TSP with HAB0 (p<0.05). 

The TSP with HAB30, TSP with HAB0, and TSP with 

HAB15 showed significantly greater bilateral EO muscle 

activity than the TSP with HAB30 (p<0.05). In OSP with 

HAB15, bilateral EO muscle activity was significantly 

greater than TSP with HAB0 and TSP with HAB15 (p<0.05). 

However, there was no significant difference compared with 

TSP with HAB30. In OSP with HAB30, TSP with HAB0, 

TSP with HAB15, and OSP with HAB15 showed signifi-

cantly greater activity of right EO muscle (p<0.05) than TSP 

with HAB0, TSP with HAB15 and OSP with HAB15 (p<0.05), 

respectively (Figure 3, Table 2).
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Figure 2. Rectus abdominis (RA) 

muscle activities of 5 conditions. 

MVIC: maximum voluntary isometric

contraction.
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Figure 3. External oblique (EO) mus-

cle activities of 5 conditions. MVIC: 

maximum voluntary isometric con-

traction.

Comparison of bilateral internal oblique muscle activity

The TSP with HAB15 showed significantly greater bi-

lateral IO muscle activity than TSP with HAB0 (p<0.05). In 

TSP with HAB30, bilateral IO muscle activity was signifi-

cantly greater than TSP with HAB0 and TSP with HAB15 

(p<0.05). In OSP with HAB15, bilateral IO muscles activity 

was significantly greater than TSP with HAB0 and TSP with 

HAB15 (p<0.05). However, there was no significant differ-

ence compared with TSP with HAB30. In OSP with HAB30, 

TSP with HAB0, TSP with HAB15, OSP with HAB15 and 

OSP with HAB15 compared with TSP with HAB0, TSP 

with HAB15 and OSP with HAB15 (p<0.05) (Figure 4, 

Table 2). 
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Figure 4. Internal oblique (IO) mus-

cle activities of 5 conditions. MVIC: 

maximum voluntary isometric con-

traction.

Discussion

The purpose of this study was to compare the muscle ac-

tivity of the RA and the external and IO muscles using elec-

tromyography in order to investigate the effects of plank ex-

ercise on trunk muscle activity in healthy normal adults. The 

results of this study showed that the muscle activity during 

the OSP with hip abduction was greater than that during the 

normal plank motion.

Plank exercises are popular and beneficial in rehabil-

itation programs [17], and the abdominal muscles of the 

trunk are more active when compared to the trunk extensors 

[5]. The movement of the limbs, such as hip joint adduction 

and abduction, contributes to the transfer of force to the 

trunk muscles through the ASIS [7], and activation of the ab-

dominal muscles with additional limb movements has been 

reported to occur with larger amplitudes when the predicted 

instability is applied to the trunk and when the activation pat-

terns of the abdominal muscle is associated with the direc-

tion of limb movement [13,14,18].

In a study by Choi et al. [19], the activity of the internal 

and EO muscles were greater in the plank posture with hip 

joint abduction than in the basic plank exercise. Yoon et al. 

[20] reported that the muscle activities of bilateral RA and 

the IO were greater in the plank posture with hip abduction. 

Another study showed that plank exercise with hip isometric 

abduction contraction increased the activity of the internal 

and EO muscles more than the normal plank [21], and the 

EO muscle activity of the ipsilateral side was greater when 

the abduction of one hip occurred in the stance position [22].

The reason for the increase in the activity of the trunk 

muscle in the hip abduction appears to be related to the lever 

arm length of the muscle. The length of the lever arm opti-

mizes muscle activation because hip abduction has made the 

lever arm larger, resulting in an increased need for mechan-

ical use of the involved muscle [23].

Hip abduction also increases torque in the transverse 

plane that causes trunk and lumbar pelvic rotation and 

moves the center of mass of the body from the center to the 

outer side, and it can be stated that there is a compensatory 

increase in trunk muscle activity in order to maintain trunk 

balance [20].

Therefore, in this study, the plank motion with hip abduc-

tion exhibited greater increase in trunk muscle activity than 

the general plank motion. In addition, the results of the pres-

ent study showed that the trunk muscle activity in the one- 

legged support plank was greater than the TSP with use of 

the same hip abduction angle.

To further increase the activation of trunk muscles, it is 

necessary to increase the level of instability [24-26]. It has 

been suggested that the use of dynamic cushioning on the toe 

or elbow with plank exercises to create instability contrib-

utes to a greater change in trunk muscle activation [9], there 

was greater RA and EO muscle activity in the plank with one 
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leg suspended in a supporting device compared to the nor-

mal plank position [6], and greater anterior trunk muscle ac-

tivity has been reported during plank exercises with the up-

per limbs placed on an unstable support surface compared to 

the normal plank [27]. This suggests that muscle activity 

was increased to compensate for instability caused by the re-

duction of the supporting surface with the floor [28].

During the plank exercise performed with the upper limb 

supported on the Swiss ball, the activity of the abdominal 

muscles was greater when one limb was lifted because the 

supporting surface of one limb was decreased and torque 

along the longitudinal axis of the body was generated in or-

der to make compensations to maintain trunk balance [5].

In addition, the RA and the external and IO muscles showed 

greater activity when performing a one-legged bridge or a 

bridge on an unstable surface compared to the normal bridge 

because the trunk rotation strategy was selected in order to 

balance the trunk when the legs fell off the support surface 

[22]. There was greater RA and IO muscle activity during 

the  OSP [20] since the lower fibers of the IO muscle is in-

directly attached to the lumbar spine through the thoracic 

lumbar fascia, thereby increasing the stability of the lumbar 

spine and trunk with increased muscle activity [29,30], and 

since the RA muscle acts to stabilize and move the lumbar 

spine [30], and RA muscle activity was high in order to 

maintain the trunk in neutral position [20].

For the same reason in this study, the activity of the trunk 

muscles was greater in the OSP with reduced support sur-

face than that of the TSP position.

There are some limitations to this study. First, due to a 

small sample size, it is difficult to generalize the findings to 

the normal, healthy population. In addition, since only three 

of the anterior trunk muscles were analyzed, other trunk 

muscles could not be confirmed, and long-term effect could 

not be seen using a cross-sectional study method. Also, the 

learning effect could not be avoided since the subjects were 

randomly assigned to five activities. Finally, it was not pos-

sible to quantify the extent to which the lumbar spine pelvis 

maintained its neutral position because the spinal pelvic 

alignment status of the subjects could not generalized. In fu-

ture studies, it is necessary to conduct a training study to ob-

serve the long-term effects of exercise.

In conclusion, this study showed that there was a differ-

ence in trunk muscle activity according to various angles of 

hip abduction in healthy normal adults. Through this study, 

it is suggested that the plank exercises are effective for in-

creasing trunk stability and can be customized according to 

the characteristics of the individual. In the following study, 

with consideration of the limitations and rather than a cross- 

sectional research method, further studies on specific ex-

ercise methods that can be effectively applied to the subjects 

who require trunk stabilization exercises and aims to inves-

tigate the differences in muscle activity according to each in-

dividual’s spinal pelvic alignment are needed.
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