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 Abstract 

      Determining the effects of different instability devices on core muscle activation gives important information 

for practitioners when prescribing strength exercise. This study aimed to compare electromyographic responses of 

core muscles during plank exercise performed with and without instability devices. Twenty-five subjects (age = 

21.5 ± 2.66 years; height 179 ± 0.5 cm; weight 74.28 ± 4.27 kg; Body Mass Index (BMI) = 22.98 ± 1.11 kg/m2) performed 

plank exercise on stable surface, BOSU ball, Swiss ball, and TRX Suspension Trainer (TRX) in a crossover design. 

Plank exercise consisting of isometric contractions was performed two times. Surface electromyography (sEMG) 

was used to determine the amplitude of rectus abdominis (RA), external oblique (EO), erector spinae (ERS) muscles 

during the exercise. The sEMG amplitude has been normalized against the maximum voluntary contraction (MVC) 

trial that yielded the highest peak torque value during isometric contractions of the related muscles. In the RA and 

EO muscles, significantly higher normalized sEMG amplitude (%MVC) values were detected in TRX and Swiss 

ball compared to a stable surface and BOSU ball (p<0.05). On the other hand, TRX exhibited more sEMG amplitude 

than on Swiss ball (p<0.05). A significantly higher sEMG amplitude value was detected on TRX than the Swiss ball 

in the ERS muscle (p<0.05). However, there was no significant difference between the BOSU ball and the Stable 

surface. In conclusion, the TRX may be a good option for those who want more challenges for the anterior and 

lateral core muscles. However, plank exercise, whether on a stable surface or an instability device, seems trivial for 

strengthening the ERS muscle. 
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INTRODUCTION 

The importance of the core region muscles in 

daily activities and athletic performance has 

increased in recent years. Thus, core training has 

begun to be commonly performed in strength 

exercises (1,3,4,6,8). Core training provides benefits in 

daily life, such as preventing and rehabilitating low 

back pain and reducing the risk of fall-related 

injuries. It also supports force production by 

providing trunk stabilization and plays a vital role in 

transferring the generated force to the extremities in 

athletic performance (1,21,31). According to its 

regions and attachment points, the core muscle is 

called as the global and local core muscle (2). The 

local core muscle is located close to the spine and 

takes part in precise spinal movements, and helps the 

global core muscle to produce more force. In contrast, 

the global core muscle is the sizeable superficial 

muscle responsible for both spine stability and 

actions of the trunk and extremities (6). Being the 

surface and large size of these muscles provides ease 

of measurement, and the activation measurement of 

these muscles was preferred in previous core region 

muscle activation studies (2). It was stated that the 
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enhanced function and strength of the rectus 

abdominis (RA), external oblique (EO), and erector 

spinae (ERS) muscles, which are among the most 

important global core muscles, improve stability and 

muscle coordination, thus reducing the risk of injury 

(10).  

Since it is claimed that spinal flexion exercises 

(i.e., Sit-ups) performed in core training may cause 

deformations due to overloading the lumbar region, 

plank exercise, an isometric exercise, has become 

more preferred in core training (23–25). The 

traditional plank exercise is an important 

bodyweight exercise that puts minimal load on the 

spine, designed to increase the muscle strength, 

endurance, and stability of the core muscles (28). In 

recent years, the frequent use of the Plank exercise 

has led to the manipulation of the Plank exercise by 

the trainers who demand more muscle development. 

One of the most trend manipulation techniques is 

plank exercise carried out with instability devices 

(13,21,22,29). 

One of the most important usage purposes of 

instability devices is to activate more muscles by 

creating a less and unbalanced contact area, thus 

increasing the training intensity (29). Although a few 

studies examining the effects of instability on training 

stated that instability did not affect core muscle 

activation (17,32), some studies reported opposite 

results (5,7,15,28,33). The most used instability 

devices are BOSU ball, Swiss ball (4), and TRX 

Suspension Trainer (TRX), which has been popular 

recently (3,7,13). Previous studies have mainly 

focused on comparing exercise on an instability 

device with exercise on a stable surface. In plank 

studies comparing Swiss ball and TRX with a stable 

surface, it was stated that core muscle activation was 

higher in instability devices (6,13). However, the 

number of studies comparing instability devices in 

plank exercise is limited in the literature. To the best 

of our knowledge, only one study compared 

instability devices in plank exercise, and the BOSU 

ball was not included in that study (28). Significant 

differences were found in the different exercises 

performed with the BOSU ball compared to the stable 

ground. In addition, in exercises performed on the 

floor with body weight, such as Plank exercise, 

muscle activations may vary according to the angle of 

the body to the ground. As far as we know, angular 

differences caused by the height of the instability 

devices were ignored in previous studies (3,28). 

This study aims to compare the 

electromyographic activations of RA, EO, and ERS 

muscles during plank exercise carried out with and 

without different instability devices. Based on 

previous studies, firstly, it was hypothesized that 

plank exercise performed on instability devices 

would generate more activation than on a stable 

surface. Secondly, among the instability devices, it 

was thought that due to the structure of the 

suspension device, it was composed of two 

independent parts so that it would generate more 

movement area, which would cause more mechanical 

stress. Therefore, it was hypothesized that the most 

significant muscle activation would be in TRX. 

METHOD 

Experimental Approach 

In this study, a repeated measurement method 

was used to examine the changes in muscle activation 

during plank exercise applied on four different 

surfaces (Stable, BOSU ball, Swiss ball, TRX). Surface 

electromyography (sEMG) was used to determine the 

amplitude of rectus abdominis [RA], external oblique 

[EO], erector spinae [ERS] muscles. The sEMG 

amplitude has been normalized against the 

maximum voluntary contraction (MVC) trial that 

yielded the highest peak torque value during 

isometric contractions of the related muscles. The 

plank exercise carried out on each surface consists of 

two repetitions lasting five seconds with a rest 

interval of 120 seconds. All details of this study are 

described in the subsequent sections. 

Subjects 

The sample size was calculated by analyzing the 

G Power 3.1.2 (Franz Faul, University of Kiel, Kiel, 

Germany) program. The analysis indicated that a 

minimum of 24 participants were required to achieve 

f = 0.25, α = 0.05 (5% probability of type 1 error) and 

β = 0.80 (80% power) values. In case of possible 

exclusion of participants during the study, a 25 % 

larger sample size (n = 30) than specified in the power 

analysis was planned. Since 5 of the participants left 

the study for various reasons, the study was 

completed with 25 male volunteer athletes. The 

participants’ mean age, height, weight, body mass 

index (BMI), and body fat was 21.5 ± 2.66 years, 179 ± 

0.5 cm, 74.28 ± 4.27 kg, 22.98 ± 1.11 kg/m2 and  10.72 

± 2.07 %, respectively (Table 1). Participants who had 

a sports background between 1-5 years and 

continued training and competitions related to the 

branch they are interested in (football, wrestling, 

athletics) were selected for the study. Those who had 

any pain, injury, or illness that could affect the 

exercises were excluded from the study.  
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A meeting was held with the participants one 

week before the start of the study to introduce the 

exercises and give information about the study. An 

"Informed Voluntary Consent" form was collected 

from each subject during the meeting. The research 

was conducted with the approval of the Bursa 

Uludağ University Clinical Research Ethics 

Committee. 

Table 1. Descriptive characteristics of subjects 
Variable Mean± SD 
Age (yr) 21.5 ± 2.66 

Height (cm) 179 ± 2.05 

Mass (kg) 74.28 ± 4.27 

BMI (kg/m2) 22.98 ± 1.11 

Procedures 

The research consists of two sessions, an 

introduction, and an experimental session. In the 

introduction session, after measuring height, weight, 

BMI, and fat percentages (Tanita model BF-350; 

Tanita Corp., Tokyo, Japan), the participants were 

familiarized with the exercises and devices they 

would use in the research. In the experimental 

session, the participants were prepared for EMG 

measurements first. All electrodes were attached to 

the dominant side of the participants. Electrodes 

were attached parallel to the direction of the muscle 

fibers, where the muscles were most prominent, 

according to the recommendations of SENIAM. 

Before the electrodes were placed, the hairs on the 

skin were shaved and cleaned with isopropyl alcohol. 

The skin was sanded with sandpaper to keep the 

inter-electrode impedance below 2000 Ω and to 

minimize the skin impedance. Bipolar Ag-AgCl 

coated surface electrodes (Kendall-Arbo electrodes 

with 1 cm silver-silver chloride discs; Tyco 

Healthcare, Neustadt/Donau, Germany) were used to 

obtain EMG recordings from the muscles. The 

distance between the centers of the electrodes was 

determined as 20 mm. All EMG data were collected 

using a portable 8-channel surface EMG instrument 

(ME6000, Mega Electronics, Kuopio, Finland). Raw 

EMG data were sampled at 1,000 Hz and analyzed by 

calculating the Root Mean Square (RMS) with 

MegaWin v3.1 software. MVC measurements of the 

RA, EO, and ERS muscles were performed to 

normalize the EMG data amplitude after the 

electrodes were attached. Muscle activations in the 

exercises applied in the study were expressed as the 

percentage of the MVC reference value (%MVC). 

During MVC measurements, participants were asked 

to contract with a maximum effort against a manual 

resistance applied by the researchers. The MVCs 

consisted of two isometric contractions, each lasting 

for 5 seconds, and 180 seconds resting between 

contractions. 

• Rectus abdominis: Subjects were placed in a supine

position on a mat with the arms crossed over the 

chest and the knees flexed to 90 degrees. Subjects 

performed a sit-up movement against the 

researcher's manual resistance to generate isometric 

force. 

• External Oblique: Subjects performed lateral spinal

flexion against the researcher's resistance in the side-

lying position with their hips and legs stabilized.  

• Erector Spinae: Subjects performed a back

extension movement against manual resistance 

applied from the scapula region in the prone position 

with their legs stabilized. 

Following the MVC measurements, the participants 

performed the plank exercise on four different 

surfaces in a randomized block design (Figure 1). The 

plank exercise carried out on each surface consists of 

two repetitions lasting five seconds with a rest 

interval of 120 seconds. During plank exercise, 

subjects were asked to get a plank position with their 

elbows flexed to 90 degrees with only the forearms 

and toes in contact with the surface. Subjects were 

asked to rigidly lift the whole body to form a straight 

line with equal width of shoulders and both feet. 

Participants were asked to contract their core and 

gluteal muscles to stay stable. In instability devices, 

the elbows were placed on the devices, and the feet 

were placed on a stand adjusted at the height of the 

devices. 

Statistical Analysis 

SPSS version 23.0 (Armonk, NY: IBM Corp) package 

program was used to analyze the data. Shapiro-Wilk 

test was used to test the normality of the data 

distribution. Repeated measures analysis of variance 

(ANOVA) test was used to examine the differences in 

EMG activation in RA, EO, and ERS muscles in plank 

exercises performed on four different surfaces. 

Statistical significance level was determined as 

p<0.05. A Bonferroni post hoc was used for a follow-

up procedure. Cohen's d effect size (ES) values were 

determined to assess the magnitude of changes in 

muscle activation. ES were evaluated according to 

<0.40 small, 0.40–0.70 medium, and >0.70 large effect 

criteria. 
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Figure 1. Plank on 4 different surfaces. A: Plank on 

Stable Surface, B: Plank on BOSU Ball, C: Plank on 

Swiss Ball, D: Plank on TRX 

RESULTS 

All participants (n=25) successfully completed 

the exercise trials, and all data were included in the 

statistical analysis process. The normalized EMG 

amplitude values (%MVC), p values, and effect sizes 

of muscle activations during the plank exercise 

applied on four different surfaces are shown in Table 

2. The %MVC values of the RA, EO, and ERS muscles

are shown in detail in Figures 2, 3, and 4, respectively. 

In the RA and EO muscles, significantly higher 

normalized muscle amplitude (%MVC) was detected 

in TRX and Swiss ball compared to a stable surface 

and BOSU ball (p<0.05). Furthermore, a significantly 

higher normalized muscle amplitude was found in 

TRX than on Swiss ball (p<0.05). However, no 

significant difference was found between the BOSU 

ball and the Stable Surface (Figure 2 and 3) (p<0.05). 

 

Table 2. Comparison of the normalized EMG activity (%MVC) of RA, EO, and ERS muscles during plank 

on four surfaces. 

Mean ± SD p, ES 

RA (%MVC) Stable BOSU Ball Swiss Ball 

Stable 31.8 ± 17.4 

BOSU Ball 35.3 ± 17.0 
1.000, 0.205 

Small 

Swiss Ball 63.4 ± 32.6 
0.000, 1.211 

Large 

0.000, 1.081 

Large 

TRX 88.3 ± 37.3 
0.000, 1.942 

Large 

0.000, 1.827 

Large 

0.000, 0.710 

Medium 

EO (%MVC) 

Stable 40.0 ± 21.5 

BOSU Ball 49.2 ± 21.8 
0.080, 0.426 

Medium 

Swiss Ball 66.8 ± 33.0 
0.000, 0.960 

Large 

0.002, 0.626 

Medium 

TRX 83.3 ± 38.3 
0.000, 1.396 

Large 

0.000, 1.094 

Large 

0.000, 0.463 

Medium 

ERS (%MVC) 

Stable 7.6 ± 2.4 

BOSU Ball 7.8 ± 2.4 
1.000, 0.066 

Small 

Swiss Ball 7.6 ± 2.6 
1.000, 0.016 

Small 

1.000, 0.080 

Small 

TRX 8.5 ± 2.4 
0.211, 0.382 

Medium 

0.278, 0.316 

Small 

0.041, 0.388 

Medium 

MVC: Maximum Voluntary Contraction; ES: Effect Size 
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Figure 2. Normalized electromyographic activity 

(%MVC) of the rectus abdominis on stable surface 

and instability devices. 

*Significantly greater compared with stable surface

(p<0.05), ⱡ Significantly greater compared with BOSU 

Ball (p<0.05), φ Significantly greater compared with 

Swiss Ball (p<0.05). 

Figure 3. Normalized electromyographic activity 

(%MVC) of the external oblique on stable surface and 

instability devices. 

*Significantly greater compared with stable surface

(p<0.05), ⱡ Significantly greater compared with BOSU 

Ball (p<0.05), φ Significantly greater compared with 

Swiss Ball (p<0.05). 

In the ERS muscle, a significantly higher 

normalized muscle amplitude (%MVC) was detected 

in TRX compared to the Swiss ball (p<0.05). However, 

no significant difference was found between the other 

surfaces (Figure 4). 

Figure 4. Normalized electromyographic activity 

(%MVC) of the erector spinae on stable surface and 

instability devices. 

φ Significantly greater compared with Swiss Ball 

(p<0.05). 

DISCUSSION 

In recent years, instability devices have been 

trendy in the fitness industry. Determining muscle 

activation levels during core exercises on these 

devices can guide the selection of the appropriate 

surface for practitioners. Therefore, the aim of this 

study was to determine the electromyographic 

responses of RA, EO, and ERS muscles during plank 

exercise performed on a stable surface or various 

instability devices. The main findings of this study 

were: a) Instability devices like Swiss ball and TRX 

generated more activation in RA and EO muscles 

than the stable surface and BOSU ball, b) BOSU ball 

and stable surface exhibited no significant difference, 

c) the most muscle amplitude in all the muscle groups

was in TRX among the instability devices, d) the 

muscle amplitude was not significantly different in 

the ERS muscle between the instability devices and 

stable surface, e) muscle amplitude in the ERS muscle 

was higher in TRX than in the Swiss ball. Thus, our 

hypothesis that there is more muscle activity in the 

instability devices than in the stable surface was 

* 
ⱡ 

* 
ⱡ
φ 

* 
ⱡ 
φ

* 
ⱡ 
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partially confirmed in the RA and EO muscles. Our 

second hypothesis that the most activation among the 

instability devices was in the TRX, was also 

confirmed.  

Many studies reported that muscle activities for 

the core region in different exercises such as Crunch, 

push up, etc., are higher in instability devices 

compared to a stable surface (13,22). In the same way, 

our findings were similar to the results of the studies 

in the literature comparing the stable surface and 

instability devices in plank exercise. In a study 

performed with the suspension device in different 

variations, significant increases were found in the 

activities of the RA and EO muscles in all three 

different suspension variations in the front plank 

exercise compared to the stable surface (6). Similarly, 

it has been reported that RA and EO muscles are 

more activated during plank exercise in Swiss ball 

and TRX than on a stable surface (27). Another study 

presented significant increases in RA in the TRX 

compared to the stable surface during prone plank 

exercise (20). In the study by Czaprowski et al. (11), 

although muscle activities were not significantly 

different in any abdominal muscle group (RA, EO, 

Internal oblique (IO)) between BOSU ball and stable 

surface during prone plank exercise, muscle activities 

in all these muscle groups increased significantly in 

Swiss ball compared to the stable surface. Similar to 

these studies, no significant difference was found 

between BOSU ball and stable surface in our study. 

The fact that the BOSU ball is structurally stable on 

one side limits instability during exercises performed 

on this device. However, a study suggests that having 

the dome side of the BOSU ball on the floor during 

exercise may increase instability (30). In the study of 

Czaprowski et al. (11), subjects performed the plank 

exercise with the elbows on the BOSU ball and the 

stable side of the BOSU ball on the ground. In our 

study, exercise was carried out with the dome side of 

the BOSU ball on the floor. Muscle activity responses 

were similar in both studies. Thus, the claim that the 

dome side of the BOSU ball on the ground causes 

more instability may be limited for plank exercises. 

However, in different exercises, a significant increase 

was found in the BOSU ball with the dome side on 

the ground compared to the stable surface (29). These 

results show that different muscle activity responses 

occur in different exercises performed with the BOSU 

ball compared to the stable surface.  

When instability devices were compared, the 

results of the present study demonstrated that the 

Swiss ball and TRX cause more muscle activity in RA 

and EO muscles than the BOSU ball. In addition, 

significantly more muscle activation was detected in 

TRX than Swiss Ball in all muscles. Czaprowski et al. 

(11) reported that the Swiss ball produces 

significantly more muscle activation in all the muscle 

groups than the BOSU ball during elbow plank 

exercise. Another study determined more muscle 

activity in the RA, EO, and ERS muscles with TRX 

than Swiss ball during plank exercise where elbows 

were placed on the instability devices (28). 

Nevertheless, the designs of these three instability 

devices were different. The instability level in the 

BOSU ball is less than the Swiss ball and TRX due to 

one side stability of the BOSU ball. While the Swiss 

ball is a single unit and provides instability with its 

rolling tendency, the TRX provides instability with its 

structure consisting of 2 independent straps that can 

move in different directions. It is emphasized that the 

TRX has fewer degrees of freedom in which the upper 

body can move so that the focus is on the RA to resist 

spinal movement (28). While agreeing with this 

consideration, it was suggested in another study that 

the activity of synergist abdominal muscles is 

necessary to keep the whole body in a stable and 

correct position in instability devices (7). In the 

present study, the primary muscle of the core area, 

RA, and its synergist EO muscle might have been 

more active to provide spinal straightness on the 

Swiss ball and TRX.  

One of the unusual findings of our study was 

that the ERS muscle, which is of great importance for 

general postural stabilization (2,16), showed a low 

activity response during plank exercise regardless of 

surfaces. However, our findings are similar to 

previous studies (8,18,27). Although the elbow plank 

is used to develop the entire core region, it should not 

be forgotten that it is more suitable for the anterior 

core muscles as an "anti-extension" exercise (26). Our 

findings showed a statistically significant increase in 

TRX compared to Swiss ball. Besides, although more 

activation was in TRX than the stable surface and the 

other instability devices, the activation in TRX 

remained at a low activity level according to the 

muscle activation classification (12). Thus, this 

exercise is considered unsuitable for strengthening 

the ERS muscle, and the activity increase in TRX is 

practically worthless.  

There were some limitations in the study. Firstly, 

BOSU, Swiss ball, and TRX were used as instability 

devices. Nevertheless, in the fitness industry, Dyna 

disk, balance board, etc., are other popular devices, 

and study findings should not be warranted to these 
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devices. There is a need to prefer other instability 

devices that are frequently used in the fitness 

industry in future studies. Likewise, how the position 

of the feet on the devices affects EMG activity should 

also be evaluated in future studies. Secondly, EMG 

measurements were performed while only the 

elbows were placed on the device. It is also necessary 

to investigate and determine how the situation where 

the feet are placed on the device affects muscle 

activity. Thirdly, healthy young men were included 

in this study, and the sample size was small. 

Therefore, our results may not be generalizable to 

other populations like elderly, females, with low back 

pain, etc. Finally, muscle activities were measured on 

the dominant side of the participants in the RA, EO, 

and ERS muscles. We recommended that the activity 

of other core muscles, non-dominant side muscles, 

and other auxiliary muscles can be measured in the 

future. 

CONCLUSION 

We compared electromyographic activities of 

RA, EO, and ERS muscles during plank exercise 

performed on stable and three different instability 

devices. The activity of the RA and EO muscles was 

more prominent in the TRX than on the other devices 

and stable surface. Therefore, the TRX may be a good 

choice for those who want more challenges for the 

anterior and lateral muscles of the core area. 

However, it should be noted that Swiss ball, which 

creates another high activity in areas where TRX 

cannot be used, can also generate significant 

difficulty for the abdominal muscles. On the other 

hand, plank exercise may not be the right choice in 

training sessions to strengthen the ERS muscle, 

whether on a stable surface or instability device. 
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