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PURPOSE: This study examined the effect of bridge 

exercise-abdominal draw-in maneuver (ADIM) with hip 

adductor co-contraction on the TrA thickness and whether it 

is effective as a core stability exercise. 

METHODS: The subjects of this study, 33 men with no 

history in the past and who provided prior consent, were 

selected through interviews with male students of S 

University. The subjects performed five movements, 

including bridge exercise and ADIM, and performed two 

demonstrations and two exercises in advance. The abdominal 

muscles were measured using ultrasonography once in each 

movement, and the abdominal muscle tone was measured 

using a soft tissue tone measurement. 

RESULTS: There was a significant difference in the 

thickness between the TrA and Internal Oblique Muscles at 

various bridge positions (p < .05), and no significant difference 
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with the External Oblique Muscle (p < .05). There was no 

significant difference in muscle tone in the Rectus abdominis 

part (p > .05), but a significant difference in the Oblique 

Muscle part  (p < .05). The muscle tone of the Oblique Muscles 

by position showed a significant difference in Bridge, BHa, 

and BA compared to the rest position  (p < .05), but no 

significant difference with BHaA (p > .05).

CONCLUSION: The thickness of TrA could be increased 

through bridge exercise, and TrA could be activated properly 

using ADIM and may be an effective exercise for core 

stabilization. 

Key Words: Abdominal draw-in maneuver, Bridge exercise, 

Hip adduction co-contraction, Transverse abdominis, 

Ultrasound

Ⅰ. Introduction

Today, 50% of the population suffers from lumbar back 

pain [1]. It is one of the most frequent disorders reported 

worldwide [2]. Recently, many studies have been conducted 

on the relationship between the spinal instability and back 

pain. The structure of the spine is unstable compared to 

other bones. Hence, the role of local muscles is vital in 
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maintaining stability [3]. A person with back pain exhibits 

a deficiency in TrA (Transverse Abdominis) activation, 

showing that the local abdominal muscle of the subject with 

back pain has a motor control disorder [4]. Changes in the 

muscles around the spine are related to chronic back pain 

[5,6]. Other abdominal muscles (constituting the abdominal 

wall), Internal oblique (IO), External Oblique muscle (EO), 

and Rectus Abdominis (RA) should be considered together 

when attempting to understand the effect on low back pain 

rather than being limited to TrA [11].

Muscles for spinal stabilization include TrA and 

multifidus. TrA is used to prevent excessive low back 

movement and is reported to be activated first in case of 

lack of stability or sudden movement [7,8]. The thickness 

change of TrA measured by ultrasound in recent years is 

a valuable indicator to evaluate functional factors [9,10]. 

In the above studies, abdominal muscle activation was 

observed through the abdominal draw-in maneuver 

(ADIM), a method for activating TrA and IO [8,12-15]. 

In addition, many studies have shown that local abdominal 

muscles and hip adductor co-contraction are effective 

[16-21]. ADIM has been shown to contribute to the 

stabilization of the spine [3,22-24]. The hip muscles are 

attached to the pelvis and connected to the local abdominal 

muscle [25,26]. Research shows that activating the hip 

adductor muscles and hip abductor muscles is effective 

in activating the deep muscles [3,27,28]. Some researchers 

argue that TrA should be trained separately because deep 

muscles contribute to spinal stability differently than 

superficial muscles [8]. As a result, many clinicians apply 

exercises that combine various hip adductor muscle 

activations for patients with low back based on previous 

studies [27,28]. Therefore, core stability exercise that 

activates the deep muscles has become a therapeutic 

exercise form [2]. 

Postures related to core stability are being studied. The 

core stability can be strengthened using leg exercises and 

prone and side-lying positions [23,29]. The bridge exercise 

is used in the core stabilization program and is applied 

to patients with low back pain. Bridge exercise retrains 

the coordination of the superficial and deep muscles to 

aid postural control [24,30,31]. 

Although bridge exercise, ADIM, and hip adduction 

co-contraction individually had significant effects, the 

correlation on the effect on the TrA thickness has not been 

identified. Co-activation of ADIM results in effective 

performance ability for training for lumbar stability and 

can effectively induce the co-contraction of muscles. It 

can also reduce the compensation caused by Bridge 

exercise. Therefore, this study examined the effect of bridge 

exercise-ADIM with hip adductor co-contraction on TrA 

thickness.

Ⅱ. Methods

1. Participants

This study was conducted on 33 healthy adult men at 

S University in Asan, Chungcheongnam-do. Before 

participating in the study, all subjects were fully explained 

the purpose and method of the study. The participants in 

this study were those who had no injuries and had no 

past medical history and everyone who gave prior consent. 

Applicants had no back pain or abdominal or back surgery 

within six months and had no abnormalities in general 

health. The Institutional Review Board (IRB) of Sunmoon 

University approved this study (SM-202204-021-2). After 

explaining the purpose and method of the experiment to 

all participants, a written informed consent was signed. The 

information on the participants is as follows (Table 1).

Variable Mean ± SD

Age (year) 22.82 ± 3.18

Height (cm) 174.21 ± 4.94

Weight (kg) 72 ± 10.08

SD, standard deviation.

Table 1. General characteristics of the subjects (n = 33) 
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2. Measurement Equipment

The thickness of the abdominal muscles was measured 

by ultrasound imaging (ultrasonography, eZono3000, 

Germany, 2011) as the instrument used in the experiment 

(Fig. 2). US used B (brightness) mode and a 7–10 MHz 

linear probe. The muscle tension of the abdominal muscles 

was measured using a contact soft tissue measurement 

(MyotonPRO, Myoton, Estonia, 2019). In addition, to 

measure the angle of the knee joint, the knee joint angle 

was set to 60° using an electronic joint angle meter 

(Goniometer, Absolute Axis Digital Goniometer, 2008) in 

the starting position of the movement. The measurers 

completed a three-month training program following a 

specific protocol before starting this measurement. The 

measuring equipment is as follows (Fig. 1).

1) Muscle Thickness

The position of the oblique was measured between the 

12th rib and the iliac crest based on the middle axillary 

line. During measurement, the position of the probe was 

adjusted so that the fascia junction of the TrA was separated 

by 1 cm from the inside of the ultrasound monitor. The 

ultrasound image was taken at the end of exhalation. After 

fixing the image, the thickness of the abdominal muscle 

was measured at the thickest part between the fascia and 

the fascia using an electronic caliper [14,32,33]. The 

measurement position is as follows (Fig. 2).

2) Muscle Tone

The muscle tone of the RA muscle part was measured 

at a point approximately 3 cm next to the umbilicus. The 

muscle tone of the oblique muscle part was measured between 

the 12th rib and the iliac crest based on the middle axillary 

line, the same as the ultrasound. The probe was placed 

vertically to the surface, and pressure was applied until the 

probe was green. After the measurement, the muscle tone 

Fig. 1. Measurement equipment. 

 

Fig. 3. Muscle tone.

A: Rectus Abdominis Part B: Oblique Part 

 

Fig. 2. Muscle thickness. 

A: Between the 12th rib and iliac crest based on the middle 

axillary line 

B: a (External Oblique), b (Internal Oblique), c (TrA) 
C

A B

D

A B

A B
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has checked through the frequency of vibration (Hz), and 

the normal range was set to 12–18 Hz. When the coefficient 

of variation was 3% or more, it was measured again [32,34,35]. 

The measurement position is as follows (Fig. 3).

3. Experimental Procedures

The thickness of the abdominal muscles was measured 

under five different test conditions: 1) Rest, 2) Bridge, 

3) Bridge with hip adduction (BHa), 4) Bridge with ADIM 

(BA), and 5) Bridge with hip adduction – ADIM (BHaA). 

The demonstration was performed twice for each exercise 

so that the participants could recognize the movement. 

Subsequently, the participants performed the exercises at least 

twice. The participants rested with their arms next to their 

trunk and knee bent at 60° (The knee angle was set through 

an electronic goniometer). They were instructed to breathe 

comfortably while avoiding unnecessary body movements 

and muscle contractions. This position is the resting position 

and the starting position of all movements. The table for 

the procedure is as follows (Fig. 4).

1) Bridge exercise

For the bridge exercise, the pelvis was lifted from the 

start position to the point where the shoulders, hips, and 

Fig. 5. Bridge position.

A: Rest position B: Bridge position C: Bridge & Hip adduction 

Fig. 4. Research procedure. 

A B C
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knees were in a straight line. At this time, the participants 

were instructed to "reduce the use of low back muscles 

to the maximum and use hip muscles to lift the pelvis" 

In addition, to activate the hip adductor muscles together, 

the researcher gave verbal instructions to the participants 

to place an overball between their knees: “Press the ball 

as hard as possible with both knees” [8,36]. The exercise 

position is as follows (Fig. 5).

2) Abdominal Draw-In Maneuver

The instructions for ADIM were given verbally: 

"contract your abdominal muscles thinking that you attach 

your umbilicus in the direction of your spine" while 

breathing normally in the start position. During the ADIM 

practice, the participants received visual feedback through 

ultrasound images and recognized the contraction of the 

TrA. In addition, when performing the ADIM, care was 

taken to prevent an excessive posterior tilt of the pelvis 

in the same way as the bridge exercise [17,22,25,36,37].

4. Data Analysis

All statistical analyses calculated the mean and standard 

deviation for each measurement using the SPSS 25.0 

statistical software program. After performing normality 

verification, One Way Repeated ANOVA was used to 

check the thickness and muscle tone of the external oblique 

muscle, internal oblique muscle, and transverse abdomininis 

during each position. Post-hoc analysis was performed 

using a Fisher's LSD test. The η2 value was used to 

determine the effect size for each exercise. Furthermore, 

the difference between the contraction thickness ratio of 

each position and the contraction thickness ratio of the 

rest position was compared to understand the effect of each 

exercise on thickness better. The statistical significance 

level was set at p = .05.

Ⅲ. Results

1. Muscle Thickness

This study measured and compared the thickness of the 

abdominal muscles when performing different exercises. 

The thickness is as follows (Table 2). The normality test 

showed that all variables followed a normal distribution. 

Repeat Measures ANOVA was performed to compare the 

thickness of each exercise. There was a significant 

difference between various bridge exercises and TrA and 

IO (p < .05) (Table 2). There was no significant difference 

from the EO (p > .05) (Table 2). The thickness of TrA 

and IO of the BA and BHaA were significantly different 

from the rest position (p < .05) (Table 2). However, there 

Muscle Rest Bridge BHa BA BHaA F P Effect size (η2)

EO

(mm)
3.43 ± 1.0 3.61 ± 1.01 3.77 ± 1.03 3.72 ± 1.25 3.55 ± 1.09 1.232 .288 .944

IO

(mm)

7.19 ± 1.79
D, E > A

7.31 ± 1.88
D, E > B

7.42 ± 1.76
D, E > C

8.37 ± 2.22
A, B, C < D

8.34 ± 2.57
A, B, C < E

6.611 .000* .954

TrA 

(mm)

3.68 ± .83
B, C, D, E > A

4.31 ± 1.2
A < B

D, E > B

4.06 ± .93
A < C

D, E> C

5.46 ± 1.35
A, B, C < D

5.62 ± 1.56
A, B, C < E

19.042 .000* .968

* p < .05; Mean (mm) ± Standard Deviation (mm); EO, External Oblique Muscle; IO, Internal Oblique Muscle; TrA, Transverse 

Abdominis; BHa, Bridge with hip adduction; BA, Bridge with ADIM; BHaA, Bridge with hip adduction and ADIM; AStatistically 

different from Rest; BStatistically different from Bridge; CStatistically different from BHa; DStatistically different from BA.; 
EStatistically different from BHaA.

Table 2. Comparison of the muscle thickness on abdominal muscles according to each position 
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was no significant difference between BA and BHaA of 

TrA and IO. (p > .05).

2. Contraction Thickness Ratio

Based on the rest position, the thickness of the abdominal 

muscles measured during different bridge positions was 

compared with the contraction thickness ratio (%) in four 

movements (Table 3, Fig. 6). The contraction thickness 

ratio (CTR) of EO was not significantly different for all 

movements. (p > .05, Table 3). The CTR of IO was 

significantly different in BA and BHaA (p < .05) (Table 3). 

The CTR of TrA was significantly different in Bridge, 

BA, and BHaA (p < .05) (Table 3).

3. Muscle Tone

The muscle tone of the abdominal muscles for each 

position is as follows (Table 4). There was no significant 

difference in muscle tone of the Rectus abdominis part. 

Muscle
EO

(mm)

Compared

with Rest (%)

IO

(mm)

Compared

with Rest (%)

TrA

(mm)

Compared

with Rest (%)

Rest 3.43 ± 1.0 (mm) 7.19 ± 1.79 (mm) 3.68 ± .83 (mm)

Bridge 3.61 ± 1.0 (mm) 5.24 ± 1.91 (%) 7.31 ± 1.88 (mm) 1.66 ± 1.26 (%) 4.31 ± 1.2 (mm) 17.11 ± 9.22* (%)

BHa 3.77 ± 1.03 (mm) 9.91 ± 3.11 (%) 7.42 ± 1.76 (mm) 3.19 ± 1.82 (%) 4.06 ± .93 (mm) 10.32 ± .57 (%)

BA 3.72 ± 1.25 (mm) 8.45 ± 7.45 (%) 8.37 ± 2.22 (mm) 16.41 ± 2.85* (%) 5.46 ± 1.35 (mm) 48.36 ± 4.79* (%)

BHaA 3.55 ± 1.09 (mm) 3.49 ± 2.47 (%) 8.34 ± 2.57 (mm) 15.99 ± 10.35* (%) 5.62 ± 1.56 (mm) 52.71 ± 11.84* (%)

* p < .05; Mean (mm) ± Standard Deviation (mm); EO, External Oblique Muscle; IO, Internal Oblique Muscle; TrA, Transverse 

Abdominis; BHa, Bridge with hip adduction; BA, Bridge with ADIM; BHaA, Bridge with hip adduction and ADIM; AStatistically 

different from Rest; BStatistically different from Bridge; CStatistically different from BHa; DStatistically different from BA.; 
EStatistically different from BHaA.

Table 3. Comparison of the contraction thickness ratio on abdominal muscles according to each position 

Fig. 6. Muscle thickness of the abdominal muscle in each bridge position.

BHa, Bridge with hip adduction; BA, Bridge with ADIM; BHaA, Bridge with hip adduction and ADIM
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A significant difference in the muscle tone of the oblique 

muscle part was observed. Post-hoc analysis for each 

position showed a significant difference in the muscle tone 

of the oblique muscle in the Bridge, BHa, and BA position 

compared to the rest position, but there was no significant 

difference noted with BHaA (Table 4).

Ⅳ. Discussion

1. Muscle Thickness

The Rest and Bridge position showed a difference in 

contraction thickness ratio (CTR). As a result, the bridge 

position was significant for TrA. In addition, the bridge 

position with ADIM (BA) was more effective than when 

only the bridge position was implemented with a CTR. 

Hence, ADIM was effective in TrA contraction. In addition, 

the BA position showed the largest difference among the 

others except for external resistance as CTR [8]. This 

showed that the bridge and ADIM affect TrA, and when 

ADIM is combined at the bridge position, it is effective 

for the thickness change of TrA. This is consistent with 

the present research. In another study, TrA increased in 

the bridge and BA positions [38]. It was consistent with 

the argument that core stabilization exercise with Bridge 

excise and ADIM activates the local abdominal muscles. 

Furthermore, when considering the application of bridge 

exercise and ADIM to prevent lower back pain, it is 

recommended to apply ADIM while maintaining the bridge 

position first [38]. 

In this study, the thickness of the contraction of TrA 

in the BHaA was the largest. However, there was no 

significant difference between BA and BHaA. This means 

that the effect of hip adductor co-contraction on TrA is 

less than that of ADIM. Previous studies showed that 

hip adduction affects abdominal muscle activation, similar 

results were expected in this study, but the results were 

different [12,13,39-41]. Park et al. reported long-term 

effects through regular exercise for eight weeks [40]. In 

this study, however, only short-term effects were observed 

without training and feedback. Previous studies confirmed 

that properly performed hip adduction through a device 

can set a specific intensity [17,45]. In the present study, 

On the other hand, the overball was instructed to contract 

as much as possible during hip adduction. It was 

confirmed visually that the overball was contracted. 

However, this makes it difficult to confirm that the hip 

adductor muscles are properly contracted. In this study, 

the thickness of RA was not measured, but measurements 

of the thickness of EO located in the superficial area 

as RA showed that EO was activated the most in BHa. 

Therefore, the thickness of the TrA dose changes 

relatively while the thickness of EO increases during hip 

adductor co-contraction. The reason why BHaA did not 

affect TrA is that it has been reported that the contraction 

Muscle Rest Bridge BHa BA BHaA F P
Effect Size 

(η2)

Rectus Abdominis Muscle

(Hz)
12.24 ± 1.76 12.55 ± 1.91 12.52 ± 1.9 12.35 ± 2 12.57 ± 2.12 2.525 .062 .979

Oblique Muscle

(Hz)

13.18 ± .94
B, C, D > A

13.88 ± 1.14
A, C > B

13.58 ± 1.26
A < C

B > C

13.9 ± 2.25
A < D

13.9 ± 2.47 4.434 .006* .968

* p < .05; Mean (mm) ± Standard Deviation (mm); BHa, Bridge with hip adduction; BA, Bridge with ADIM;BHaA, Bridge 

with hip adduction and ADIM; AStatistically different from Rest; BStatistically different from Bridge; CStatistically different from 

BHa; DStatistically different from BA.; EStatistically different from BHaA.

Table 4. Comparison of muscle tone on abdominal muscles according to each exercise condition 



22 | J Korean Soc Phys Med  Vol. 17, No. 4

thickness of TrA does not increase reaching a maximum 

of 20–30% [8]. 

2. Muscle Tone

The thickness of the superficial muscles decreased as 

the thickness of the deep muscles increased because there 

have been few studies measuring the muscle tone of the 

abdominal muscles [8]. It was expected that the muscle 

tone of the Rectus abdominis part, which is the most 

superficial among the elements constituting the abdominal 

wall, would decrease and the muscle tone of the oblique 

muscle part would Increase, but the results were not. The 

reason for these results is that because this study was a 

one-time measurement to compare the acute effects of 

exercise, and the activation of the global muscle, which 

is fast-twitch fiber, was higher than that of the local muscle, 

which is slow-twitch fiber, so the RA muscle tone did 

not decrease [42]. In a study using a muscle tone-measuring 

device [34,43], the normal range of the vibration frequency 

(F) was set to 12–18 Hz. When muscle tone exceeded the 

normal range, the blood supply decreased, and the tension 

of each muscle increased [43]. Mense et al. suggested that 

high muscle tone could contribute to abnormal movement 

and chronic pain [44]. Based on previous studies, in the 

case of the RA part, which showed no difference in muscle 

tone, the muscle tone was within the normal range despite 

performing the bridge position.

The main results of this study are that bridge exercise 

and ADIM have a significant effect on TrA. ADIM is 

effective for TrA and IO and is most effective when 

combined with the bridge position. Therefore, this exercise 

is used to activate deep muscles selectively, such as TrA 

[13,45-48]. Second, the thickness of TrA was increased 

the most in the BHaA position. However, the single 

application of hip adduction did not affect the abdominal 

muscles. 

This study had several limitations. First, all subjects 

were physically healthy men who did not experience low 

back pain within six months. For patients or athletes with 

low back pain, there may be a difference in the thickness 

of the abdominal muscles. These findings cannot be 

generalized to all age groups and patients with low back 

pain. Second, in this study, ADIM education was conducted 

in the measurement stage because performing ADIM 

correctly in a short period can affect the results. On the 

other hand, this study observed only short-term effects. 

Therefore, future studies should examine the long-term 

effects of ADIM. Lastly, this study could not accurately 

control the intensity of hip adduction. Therefore, in future 

research, intensity should be classified in more detail using 

the MVIC value of EMG.

Ⅴ. Conclusion

Therefore, the thickness of TrA can be increased while 

limiting the activation of superficial muscles through bridge 

exercise. In particular, ADIM can be used to activate TrA. 

As a stabilization exercise, it is suggested to perform 

ADIM, which activates the deep muscles. 
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