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Abstract  

Background/Objectives: This study compares muscle thickness with surface changes during bridge and plank 

exercises. 

Methods/Statistical analysis: Twenty healthy adults participated in this study. All subjects performed plank 

and bridge exercises under three conditions: stable, trunk unstable, and lower extremity unstable. During the 

exercise, the thickness of the abdominal muscles was measured using ultrasonography. The muscle thickness in 

each condition was compared using repeated measures analysis of variance. 

Findings: Transverse abdominis (TRA) thickness was higher in trunk unstable and lower extremity unstable 

than in stable, respectively (p<.05). TRA thickness was higher in trunk unstable and lower extremity unstable, 

respectively than in stable conditions (p<.05). In the case of internal oblique thickness, it was higher in trunk 

unstable compared to a stable condition (p<.05). 

Improvements/Applications: The results of this study may provide information about unstable support 

surfaces that can be used to activate specific muscles when using plank and bridge exercises. 

 

Keywords: Plank exercise, Bridge exercise, Abdominal muscle, Transverse abdominis, Internal oblique, 
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1. Introduction 

Abdominal muscles play an important role in independent activities such as gait and balance maintenance and 

have an effect on stabilizing the spine to provide free movement in a stable posture [1]. These abdominal 

exercises include push-up, crunch, squat, bridge, and plank [2,3]. The plank exercise is a traditional exercise 

designed to increase core strength, endurance, and stability, and it can strengthen the abdominal muscles 

without applying much pressure on the spine, and the incidence of back injuries decreases when the core 

strength is increased [4]. Bridge exercise relieves back pain and improves body function by stabilizing the trunk 

so that large and small muscles work properly [5]. In addition, the above two exercises have been reported to 

improve internal abdominal oblique (IO), external abdominal oblique (EO), and transverse abdominal (TRA) 

[6-8]. 

Abdominal exercises using unstable surfaces or sensory conditions have been reported to increase exercise 

efficiency by increasing difficulty [9-11]. Before starting an exercise, it is necessary to evaluate the individual's 

ability and adjust the difficulty of the exercise accordingly [12,13]. It has been reported that bridge and plank 

exercises on unstable surfaces increase the activation of EO [14]. In addition, other previous studies showed that 

the bridge exercise on an unstable surface had a positive effect on the thickness of the IO and TRA [15]. 

Ultrasonography (US) imaging devices can evaluate the thickness of trunk muscles and are used in several 

studies as indicators of muscle hypertrophy and muscle atrophy [16]. US is known to be inexpensive and easy to 
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carry compared to measuring instruments such as magnetic resonance imaging and computed tomography 

[16,17]. It has also been reported as a reliable device as it objectively measures muscle thickness and cross-

sectional area when compared to others [18]. 

Studies comparing exercise on a stable and unstable surface report that exercise on an unstable surface is more 

effective. However, to the best of our knowledge, there are no studies comparing the effects of different 

positions of unstable surfaces (trunk or lower extremities). Therefore, the purpose of this study was to 

investigate the effect of unstable surface location on muscle thickness during bridge and plank exercises. 

 

2. Materials and Methods 

This study conducted a total of 6 measurements including stable bridge, trunk unstable bridge, lower extremity 

unstable bridge, stable flank, trunk unstable flank, and lower extremity unstable flank. In order to find out the 

muscle thickness, the muscle thickness was measured using US during the exercise and IO, EO, and TRA were 

measured to compare the two exercises according to the surface. 

 

2.1. Subjects 

Twenty healthy adults (age: 24.4 ± 1.87 years, height: 177.38 ± 5.44 cm, weight: 81.77 ± 13.59 kg) participated 

in this study. Participants with a history of lower extremity injury, neurological diseases, cardiopulmonary 

disease, and inflammatory diseases were excluded from this study. Subjects in this study voluntarily prepared 

the consent form through writing and were selected after hearing sufficient explanation of the purpose and 

method of the study by themselves. Exclusion criteria were selected based on a previous study with a surface for 

people who had no muscle, bone, nervous system disease, pelvic pain, knee pain, and back pain for 12 months 

and restricted exercise 48 hours prior to the test [19]. The sample size was calculated to N = 20 using the G-

power program (3.1.9.4 version). This study was approved by the Institutional Review Committee of Sunmoon 

University (SM-202005-033-2). 

 

2.2. Procedure 

All subjects performed a bridge exercise and a plank exercise. The duration and rest time of both exercises were 

the same. Each exercise was performed for 8 seconds, with a 1-minute rest period between exercises. Each 

exercise was performed on a different day. Bridge and plank exercises were performed under three conditions: 

stable, trunk unstable, and lower extremity unstable [Figure 1], [Figure 2]. During the exercise, the body was 

kept as straight as possible. The order of exercises applied to each subject was randomly assigned. Each 

exercise was performed 3 times and the average value was used for analysis. 

 
 

Figure 1. Plank exercise (A) Stable (B) Trunk unstable (C) Lower extremity unstable 
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Figure 2. Bridge exercise (A) Stable (B) Trunk unstable (C) Lower extremity unstable 

 

2.3. Measurement 

US B-mode (Ezono 3000, Germany, 2011) at 7~10 ㎒  was used to investigate the muscle thickness 

measurement during bridge and plank exercises [Figure 3]. To measure the thickness of TrA, IO, and EO, the 

subject was placed in a supine position. During measurement, the probe was positioned 2.5 cm outward (right) 

by drawing a virtual line parallel to the umbilicus. Muscle thickness was captured and recorded at the end of the 

breath while performing the exercise. 

 
 

Figure 3. Abdominal thickness measurement 

 

2.4. Statistical analysis 

In this study, SPSS 22.0 (SPSS INC. Chicago, IL) for Windows programs was used for all statistical analyses. 

All data are presented as mean and standard deviation. Shapiro-Wilk normality test was performed. To compare 

muscle thickness for each exercise and surface, we used repeated measures analysis of variance (ANOVA), and 

for post hoc test (Scheffe) was used. All statistically significant α for hypothesis testing was set to .05. 

 

3. Results  

It was found that there was a significant difference in the thickness of the TRA according to the conditions of 

the surface during the plank exercise (p<.05) [Table 1]. As a result of post hoc analysis, TRA thickness was 

higher in trunk unstable and lower extremity unstable than in stable, respectively [Figure 4]. However, there 

was no significant difference in IO and EO according to the conditions during plank exercise (p>.05) [Table 1]. 
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Significant differences were found in TRA and IO thicknesses according to the surface conditions during the 

bridge exercise (p<.05) [Table 1]. TRA thickness was higher in trunk unstable and lower extremity unstable, 

respectively than in stable conditions. In the case of IO thickness, it was higher in trunk unstable compared to a 

stable condition [Figure 4]. However, there was no significant difference in EO according to the conditions 

during the bridge exercise (p>.05) [Table 1]. 

 

Table 1. Abdominal muscle thickness according to exercise and surface conditions 
  

SS TUS LEUS P value 
 

TRA 6.57±1.86 7.38±2.09 6.93±1.83 .003 

Plank  IO 11.72±2.76 12.50±3.33 12.07±3.09 .223 
 

EO 9.06±2.02 9.52±2.39 9.64±3.00 .303 
 

TRA 6.56±1.61 7.18±2.08 7.14±2.03 .042 

Bridge IO 12.27±3.43 13.23±3.25 12.89±3.52 .028 
 

EO 8.13±2.82 8.27±2.80 8.20±2.31 .875 

Mean ± standard deviation 

SS: stable surface, TES: trunk unstable surface, LEUS: lower extremity unstable surface, TRA: transverse 

abdominis, IO: internal oblique, EO: external oblique 

 

 
Figure 4. Abdominal muscle thickness according to exercise and surface conditions. TRA: transverse 

abdominis, IO: internal oblique, EO: external oblique, SBE: stable bridge exercise, TUBE: trunk 

unstable bridge exercise, LUBE: lower extremity unstable bridge exercise, SPE: stable plank exercise, 

TUPE: trunk unstable plank exercise, LUPE: lower extremity unstable plank exercise. 

 

4. Discussion 

The purpose of this study was to compare the effect of thickness of abdominal muscles EO, IO, and TRA on the 

position of the surface during bridge and plank exercise. This study showed that the performance of plank and 

bridge exercises on unstable surfaces increased the thickness of abdominal muscles compared to a stable 

surface. In addition, unlike previous studies that compared only stable and unstable surface exercises, plank and 

bridge exercises were conducted on a stable surface, unstable surface, and lower extremities unstable surface, 

muscle thickness not muscle activity was measured and TRA, EO, and IO compared. 

There was a significant difference in TRA values during trunk unstable plank, and muscle thickness 

improvement was shown to be the highest value. IO and EO showed no significant difference. Imai et al. (2010) 
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reported improvements in EO in unstable plank exercise as a result of comparing the stable and unstable 

surfaces of the plank exercise [14]. In this study, there was no significant difference in EO, unlike in previous 

studies, and there was a significant difference in TRA. There was a significant difference in TRA and IO values 

during trunk unstable bridge, and muscle thickness improvement was shown to be the highest value. The EO did 

not show significant differences. Hyeonsu et al. (2017) reported that the unstable surface bridge exercise was 

effective in improving TRA and IO [15]. In this study as in previous studies, there was a significant difference 

in TRA and IO. This difference in the previous study may be due to the difference in the position of other 

unstable surfaces, this may be the difference in the degree of difficulty of exercise and trunk unstable which 

may more affect the improvement of abdominal muscles. 

The study of Saliba et al. (2010) provided an unstable surface by positioning a balance pad between the scapula 

of the subject, as in the previous study the balance pad was used as an unstable surface condition to give 

unstable of the same condition for each exercise [12]. The addition of the balance pads increases the movement 

of the body which can promote the improvement of the muscle [12]. In this study, significant differences were 

observed in the body unstable plank and body unstable bridge exercise body unstable exercise had a better 

effect on the improvement of the muscle thickness. In both of the various surfaces, the trunk unstable surface 

showed a significant effect, and there are the following reasons. TRA is a local muscle that is directly or 

indirectly attached to the lumbar vertebrae and is associated with stability during the posture control of the 

whole body. To increase this stability, local muscle movement is required [14]. IO was said to have a significant 

effect on unstable bridge exercises. This shows that maintaining balance in unstable exercise increases patient 

concentration and deep muscle improvement [15]. Exercise on the trunk unstable surface such as Swiss ball 

changes the recruitment pattern of the muscle of the patient with back pain and the abdominal muscle is 

improved. These improvements have been reported to reduce back pain, thus reducing pain through trunk 

unstable surface exercise in patients with lumbar instability, reported that interventions were conducted with a 

focus on abdominal and lumbar muscle strengthening [20]. The abdominal muscle is more recruited to the base 

on the pelvis towards the trunk when the holding surface is unstable, especially when the bridge exercise is 

unstable, more muscle recruitment and the power to maintain balance increase reported. The limb exercise 

during unstable surfaces caused agitating trunk balance and caused improvement of abdominal muscle reported 

[21,22]. For these reasons, the fact that plank and bridge exercises have improved muscle thickness from trunk 

unstable is due to the unstable of the trunk, which leads to more recruitment of the muscles in the trunk. The 

improvement was greater because the origin and insertion were connected to the trunk part, and the 

concentration and maintenance to balance the body showed a significant effect on the improvement of the deep 

muscle IO, and the improvement of the TRA, which is a muscle related to this stability, was also shown. These 

results indicate that the exercise to selectively strengthen TRA and IO and the surface can be selected. The 

effective exercise to strengthen both TRA and IO is the trunk unstable bridge exercise. 

 The limitation of this study was that it was not targeted at various ages because it was targeted at adult men in 

their 20s, and there was a limitation of cross-sectional research. Applying long-term mediation to see long-term 

changes in muscle thickness will result in more accurate research. 

 

5. Conclusion 

This study was conducted to compare the effect on the thickness of abdominal muscle EO, IO, and TRA 

depending on the position of the surface during bridge and plank exercises. It was measured in the position of 

three surfaces when exercising and measured during exercise using ultrasonic instruments. In conclusion, we 

can see that trunk unstable plank exercise is effective for TRA and trunk unstable bridge exercise is effective for 

TRA and IO. It can also be used as data for clinicians to choose where to place the surface, depending on the 

exercise they want to activate certain muscles. 
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