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Abstract

Purpose : The purpose of this study was to compare the effect of additional isometric contraction of trunk, shoulder, and hip 
muscles during abdominal crunch exercise on abdominal muscle thickness and to identify the most effective intervention for core 
muscle activation.

Methods : This study was conducted on 22 healthy male adults. Subjects performed three types of crunch exercises (abdominal 
crunches accompanied by internal and external isometric rotation of the hip, horizontal shoulder adduction and abduction, and 
rotation of the trunk). The thickness of the transverse abdominis (TrA), internal oblique (IO), and external oblique (EO) were 
evaluated using ultrasonography. The collected data used one-way repeated ANOVA statistics. Wilcoxon signed-rank test of 
nonparametric statistics was used for post-test analysis.

Results : The IO thickness was significantly lower than general abdominal crunch when shoulder adduction was added (p<.05). 
The crunch with shoulder abduction, hip external rotation, and ipsilateral trunk rotation was significantly higher than the abdominal 
crunch (p<.05). The EO thickness was significantly greater in the crunch with hip external rotation than in the abdominal crunch 
(p<.05). 

Conclusion : The level of contraction in abdominal muscles appears to vary when isometric contractions of the trunk, shoulder, 
and hip muscles are added to the abdominal crunch exercise. Therefore, the use of isometric contractions of other joints to 
selectively induce contraction of the abdominal muscles may be considered.
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Ⅰ. Introduction

Recently, core exercise has been used in several studies 
and exercise programs in place of functional rehabilitation 
or functional training (Kato et al., 2019). Core exercise is 
to stabilize the trunk when the patient's posture is unstable 
and to adjust the spinal neutral position that can be adapted 
under load on the spine in conscious or unconscious 
situations (Lee et al., 2014a). The trunk muscle is the 
muscle surrounding the spine that functions to pressure the 
waist with deep muscles close to the spine, providing the 
role and structural support to maintain body stability (Desai 
& Marshall, 2010).

The trunk muscles used to stabilize the trunk are 
transverse abdominis (TrA), internal oblique (IO), external 
oblique (EO), and multifidus. These muscles play an 
important role in stabilizing the trunk and are used in 
various daily activities including walking (Park & Yu, 
2013). Trunk stabilization exercises strengthen these body 
muscles, improving spine mobility and stability (Imai et al., 
2010; Stokes et al., 2011). The rectus abdominis (RA), 
which travels in the vertical direction of the abdomen, 
protects organs in the abdomen from external injury or 
damage, raises abdominal pressure during contraction, and 
provides stability in maintaining posture during abdominal 
movement (Moon et al., 2013; Park et al., 2015). 
Furthermore, EO, which travels from the lateral to medial 
side of the trunk, plays a role in generating a powerful 
force during the rotation of the trunk, helping with 
extra-body stability (Kim & Kim, 2013; Shim et al., 2014). 
EO and RA help maintain body posture, improving body 
stability and providing the necessary muscle strength for 
abdominal exercises such as flexion or rotation of the body 
(Park & Lee, 2010). TrA is the abdominal muscle that is 
activated first before movement of the upper extremities 
and lower extremities, creating and controlling pressure in 
the abdomen along with IO, diaphragm, and pelvic floor to 
increase the strength of the lumbar spine, improving body 

stability (Hodges & Richardson, 1997). Located deep in the 
abdominal muscles, TrA and IO are directly connected to 
the spine, providing fine regulation of spinal movement and 
stability between vertebral segments (McGill et al., 2003).

Co-activation of these abdominal muscles contributes to 
the stability of the trunk by creating abdominal pressure 
and improves the ability of the upper and lower extremities 
to move in static and dynamic states (Key, 2013). They 
emphasized the importance of abdominal muscle 
strengthening exercises because this weakening of muscle 
strength and abnormal muscle activation of abdominal 
muscles reduces the body instability, upper extremity, and 
lower extremity movement ability (Key, 2013).

Crunch exercise programs are commonly used for trunk 
muscle stabilization exercises, which can be easily 
performed to improve abdominal muscle strength in any 
location without any special equipment (Stevens et al., 
2007). Crunch is an isotonic exercise that is more effective 
in activating the TrA, IO, and EO compared to other 
abdominal exercises (Kim & Kim, 2015; Lee et al., 2014b). 
Nakai et al(2019) reported that body stabilization exercises 
using isometric hip rotation induce greater contraction of 
TrA, IO, EO, and the multifidus compared to regular 
crunch actions. In addition, studies by Lee et al(2013) have 
reported increased abdominal muscle contraction in 
isometric shoulder horizontal abduction performed with 
latex resistance bands. These various isometric exercises 
induced abdominal muscle activation, and when performing 
voluntary upper and lower extremities movement, the trunk 
muscles were activated involuntarily (Misirlioglu et al., 
2018).

Such prior studies have shown increased abdominal 
muscle thickness and activation in cases of additional upper 
and lower extremities movements, such as hip rotation or 
abduction of the shoulder joint (Lee et al., 2013; Nakai et 
al., 2019). However, no studies have been conducted on the 
thickness increase of abdominal muscles when additional 
upper extremities and lower extremities movements are 
applied in crunch exercise. Therefore, the purpose of this 
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study was to compare the effect of additional isometric 
contraction of trunk, shoulder, and hip muscles during 
abdominal crunch exercise on abdominal muscle thickness 
and to identify the most effective intervention for core 
muscle activation.

Ⅱ. Methods

1. Subjects

This study has been conducted on 22 healthy male 
adults. Prior to participating in the study, all subjects were 
given a sufficient explanation of the purpose and the 
method of the study. The subjects who agreed to join the 

study were pre-tested, and those who did not have records 
of extreme trauma, injury in the shoulder, and the hip joint 
participated in the study. The exclusion criteria were those 
who had no history of surgery or orthopedic history within 
three months and had no abnormal health conditions. The 
general characteristics of the subjects are shown in Table 1. 
The subjects conducted the experiment without knowing 
what arbitration they were applying by setting the 
conditions to Single-blind. After obtaining consent from the 
subjects to participate in the experiment, the consent forms 
were signed by the subjects and the experiment proceeded. 
Prior to the study, the research was conducted after 
obtaining approval from the Institutional Review Board 
(IRB) of Sunmoon University.

Characteristics Male (n=22)

Age (years) 24.66±2.10

Height (cm) 176.45±5.39

Weight (kg) 75.63±7.33

Body mass index (kg/m2) 24.53±2.25

Mean±standard deviation 

Table 1. General characteristics of subjects 

2. Experimental procedures

Abdominal crunch exercises were performed based on the 
procedures of previous studies (Lee et al., 2013; Nakai et 
al., 2019). The abdominal crunch was practiced in the given 
conditions: the knees were bent 90 degrees in a supine 
position. The head and the shoulders were lifted as well as 
both hands to prevent then from pushing the ground. This 
posture was maintained for 8 seconds in total. Abdominal 
crunches with horizontal isometric shoulder adduction and 
abduction were performed while maintaining abdominal 
crunches. The examiner used a portable handheld 
dynamometer (model 01163; Lafayette Instrument 

Company, Lafayette, IN) to maintain resistance in the inner 
and outer side of the elbow, preventing the widening and 
gathering of the arms and the posture was maintained for 8 
seconds (Fig 1A). Abdominal crunches with internal and 
external isometric rotation of the hip were performed by 
using a dynamometer, which applied resistance to the inner 
and outer knees to maintain the resistance to the inner and 
the outer hip rotation for 8 seconds (Fig 1B). Abdominal 
crunches with rotation of the trunk were performed while 
maintaining crunch posture, where the stretched hands 
crossed the ipsilateral and contralateral knees (Fig 1C). 

Following prior work, the portable dynamometer was set 
to a load of 80 N and matched the output power of 80 N 



대한통합의학회지 제10권 제2호

180  Journal of The Korean Society of Integrative Medicine 󰠾 Vol.10 No.2

for 8 seconds (Nakai et al., 2019). The subjects were 
instructed not to hold their breath while exercising. Each 
movement was maintained for 8 seconds under isometric 
contraction and repeated 3 times. Each subject had a 

30-second break between each test and was given 
two-minute break between test conditions to prevent muscle 
fatigue.

Fig 1. Abdominal crunch exercise

A; abdominal crunch with isometric shoulder adduction and abduction, B; abdominal crunch with isometric hip 

rotation, C; abdominal crunch with isometric trunk rotation

3. Muscle thickness; ultrasonography

For quantitative morphological observations of the 
muscles, ultrasonography B-mode (Ezono 3000, Germany, 
2011) was used to investigate the muscle thickness during 
various abdominal crunch exercises (Fig 2 and 3). To 
measure the thickness of TrA, IO, EO, and RA, the subject 
was placed in a supine position, and a single investigator 
used the B mode of ultrasonography at 7~10 ㎒. 

RA was measured by positioning the ultrasonography 
probe head 2~3 ㎝ above the navel, and it was moved to 

the anterior lateral side along the mid-clavicle line so that 
the cross-sectional area of the muscle was located in the 
center of the screen. When measuring TrA, IO, and EO, a 
virtual line parallel to the navel was drawn and the probe 
head was positioned 2.5 ㎝ outward (right). Then the 
measuring was done by moving the head gently while 
keeping the muscles parallel to the projected screen. 
Resting muscle thickness was captured and recorded at the 
end of a normal exhalation of breath in the supine position. 
The measured muscle thickness during exercises was 
expressed as a percentage of the muscle thickness at rest 

Fig 2. Ultrasonography images of rectus abdominis
Fig 3. Ultrasonography images of transverse abdominis, 

internal oblique, and external oblique
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(thickness during exercise/thickness at rest×100)(Miura et 
al., 2014).

4. Statistical Analysis

SPSS 22.0 (SPSS INC. Chicago, IL) was used for all 
statistical analyses. Descriptive statistics are used to assess 
general characteristics. The collected data used one-way 
repeated ANOVA statistics. The normal distribution was 
confirmed through the Shapiro-Wilk test. The normal 
distribution analysis was insufficient to support the 
hypothesis and a nonparametric statistical analysis Freidman 
test was used on 7 different exercises to analyze the muscle 
thickness difference. Wilcoxon signed-rank test of 
nonparametric statistics was used for post-test analysis. For 
confirmation of the hypothesis, all statistical significance α 

was set to .05.

Ⅲ. Results

Table 2 and Fig 4 show the abdominal muscle thickness 
during various abdominal crunch exercises. In the case of 
IO thickness, it was significantly lower than general 
abdominal crunch when shoulder adduction isometric 
contraction was added (p<.05). In addition, the crunch with 
shoulder abduction, hip external rotation, and ipsilateral 
(right) trunk rotation isometric contraction was significantly 
higher than the general abdominal crunch (p<.05). The EO 
thickness was significantly greater in the crunch 
accompanied by hip external rotation than in the general 
abdominal crunch (p<.05). However, There was no 
significant difference in TrA thickness between abdominal 
crunch and crunch with additional contractions of the trunk, 
shoulder, and hip muscles (p>.05). There was no significant 
difference in RA thickness between the various crunch 
exercises (p>.05).

Rectus
abdominis Transverse abdominis Internal oblique External oblique

Abdominal crunch 142.14±19.49 152.59±46.84 141.89±29.92 111.10±29.19

Sho_h_add 141.01±19.39 139.02±42.51 121.76±27.90 105.62±26.48

Sho_h_abd 144.95±21.24 164.70±46.14 166.62±36.30 120.61±34.53

Hip_IR 146.77±28.65 142.18±26.33 142.06±31.72 97.87±25.60

Hip_ER 145.88±25.50 164.64±36.82 158.38±39.44 123.84±24.79

Rot_to_L 145.85±26.26 160.81±67.56 152.55±42.32 119.62±29.14

Rot_to_R 152.83±26.08 165.66±40.00 171.51±57.66 115.77±27.86

p .088 .005 <.001 <.001

Mean±standard deviation, Sho_h_add: shoulder horizontal adduction, Sho_h_abd: shoulder horizontal abduction, Hip_IR: hip internal 
rotaion, Hip_ER: hip external rotation, Rot_to_L: Rotation to left, Rot_to_R: rotation to right. 

Table 2. Abdominal muscle thickness during abdominal crunch and crunch with additional contractions 

(percentage (%) of thickness at rest).                    
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Fig 4. Comparison of muscle activity and muscle thickness. Muscle thickness as a percentage relative to rest. 

TrA; transverse abdominis, IO; internal oblique, EO; external oblique, Sho_h_add; shoulder horizontal 

adduction, Sho_h_abd; shoulder horizontal abduction, Hip_IR; hip internal rotaion, Hip_ER; hip external 

rotation, Rot_to_L; rotation to left, Rot_to_R; rotation to right. **p<.01, *p<.05

Ⅳ. Discussion

This study has been conducted to examine how 
additional movements during abdominal crunch affect the 
body muscle thickness of healthy adult males. We 
compared abdominal muscle thickness according to crunch 
exercise type. Consistent with some of our hypotheses, TrA 
and IO increased muscle thickness when trunk rotations to 
the ipsilateral (right) were applied during crunch exercises, 
but EO increased when hip external rotations were applied.

It has been reported that TrA and IO muscles are not 
activated separately but contracts simultaneously 
(Masse-Alarie et al., 2015; Kim et al., 2017). According to 
the results of this study, there was no significant difference 
in TrA thickness between general abdominal crunch and 
crunch exercise with an additional isometric contraction. 
This suggests that TrA was maintained at a relatively 
constant level during various crunch exercises, stabilizing 

the trunk. IO is extensively attached to the vertebra body, 
which plays an important role in providing stability in the 
lumbar region during rotation (Goncalves et al., 2011). In 
addition, Sugaya et al(2014) found that the thickness of 
TrA and IO increased significantly during ipsilateral 
rotation of the trunk. Similarly in this study, when trunk 
rotation was performed ipsilaterally during the crunch 
exercise, the muscle thickness of TrA and IO was the 
highest when compared with other crunch exercises. 
Considering the muscle direction of the IO, it is presumed 
that it had a greater effect on the ipsilateral trunk rotation. 
Both TrA and IO are located deep in the trunk and both 
muscles act on the rotational movement of the spine. As a 
result, both TrA and IO are located deep in the trunk, and 
both muscles can act to stabilize the trunk against rotational 
movements of the spine.

EO rotates the trunk in a contralateral direction. This is 
the opposite action of TrA and IO to rotate the trunk 
ipsilateral with respect to the kinematic function of the 
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abdominal muscles during trunk rotation (Richardson & 
Jull, 1995). The muscle fibers of the EO extend down the 
iliac crest from the ribs and move diagonally downward 
and inward (Han & Kim, 2014). According to Nakai et 
al(2019), EO thickness increased to the greatest extent by 
performing hip external rotation during trunk stabilization 
exercises. This study supports the results of previous studies 
by confirming that it coincides with the increase in EO 
muscle thickness when hip external rotation is performed 
during crunch exercise.

RA is located on the surface of the body and moves in 
a vertical direction and contracts in the direction of 
movement (Reeves et al., 2008). On the other hand, muscle 
fibers in IO and EO act in a diagonal rather than vertical 
direction. In this experiment, the thickness of the abdominal 
muscle had shown a significant difference since the external 
resistance was applied in a horizontal direction of the 
shoulder, hip, and trunk rather than the vertical direction. 
RA maintained a certain level of muscle thickness without 
significant changes as the direction of the resistance was 
not parallel to the orientation of the muscle fibers.

Core muscles respond predictively in everyday life before 
upper and lower extremity movements begin (Kim et al., 
2016). A previous study has shown an increase in isometric 
hip rotation and trunk muscle contraction in shoulder 
horizontal abduction using latex resistance bands in the 
sitting positions (Lee et al., 2013; Nakai et al., 2019). This 
study also confirmed that additional external resistance 
increases the contraction of the trunk muscles. These results 
show that additional resistance to the upper and lower 
extremities during crunch exercise leads to further 
contraction of the trunk muscles. The results of this study 
are also considered in line with these previous studies, 
suggesting the possibility that the use of additional 
isometric contractions of other joints when performing 
crunches for trunk stabilizing muscles could be a more 
effective intervention in clinical practice.

First, since this study was conducted on healthy adult 
males, caution is needed in generalizing to various 

populations. Second, in this study, only the abdominal 
muscles of the extremities on which isometric contractions 
were performed were investigated. Third, the long-term 
effects of the crunch exercise were not investigated. Finally, 
considering that TrA, which is a relatively deep muscle, 
may have decreased activation during simultaneous 
contraction of EO and RA, only TrA isolated from EO and 
RA could not selectively contract during crunch exercise in 
this study.

Ⅴ. Conclusion

In healthy young men, the level of contraction of each 
abdominal muscles appears to vary when isometric 
contractions of the trunk, shoulder, and hip muscles are 
added to th abdominal crunch exercise commonly used to 
activate the core muscles. According to the observation of 
changes in muscle thickness using ultrasonography, the 
muscle thickness of TrA and IO was greatest in abdominal 
crunch exercise combined with ipsilateral trunk rotation, 
and the thickness of EO was greatest in abdominal crunch 
exercise combined with hip external rotation. Therefore, the 
use of additional isometric contractions of other joints to 
selectively induce strong contraction of the abdominal 
muscles may be considered.
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