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| Abstract |

Purpose: Recent studies have indicated that applying different inclination angles and suspension devices could be a useful way
of performing exercises that include the co-activation of the trunk muscles. Present study was to examine the influences of changes
in the inclination angle during trunk muscle activity while engaging in a bridge exercise with a suspension device.
Methods: 18 healthy, physically active male volunteers completed three trunk inclination angles (15°, 30°, and 45°) for bridge
exercise variations. The surface electromyography responses of the rectus abdominis, internal oblique (10), erector spinae (ES),
and rectus femoris (RF), as well as the subjective difficulty (Borg RPE score), were investigated during these bridge exercises.
Results: The bridge with a 45° inclination angle suspension significantly increased the muscular activities of the RA and RF
and increased the Borg RPE scores (p <0.05). The bridge with a 15° suspension significantly elevated the ES activities when
compared to the other conditions.

Conclusion: The present study demonstrated that a higher inclination angle could not activate the overall trunk muscles
during the bridge exercise. The RA and RF produced greater activation during the bridge exercise with the higher inclination
angle. On the other hand, the activities of the erector spine were greater during the bridge exercise with the lower inclination
angle. The present study suggests that applying a low trunk inclination angle for the supine bridge exercise is suitable

for activating the erector spine muscles.
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I. INTRODUCTION

In the field of rehabilitation, enhancing abdominal
muscle strength and appropriate order of activation of
the abdominal muscles are major issues for improving
performance and functional movement, as well as for
reducing incidence of the musculoskeletal problem (Cho
& Park, 2019; Choi et al., 2019; Dafkou et al., 2020;
Yoon et al., 2018). Various exercises are used to improve
the abdominal muscle function, including curl-ups, sit-ups,
bridge exercises, and exercises using suspension or
unstable surfaces (Cho & Park, 2019; Dafkou et al., 2020,
Yoon et al., 2018). Available evidence suggests that
multi-joint full body exercises, such as bridge with
suspension, may be useful for rehabilitation training (Cho
& Park, 2019). The exercise characterized as low-intensity
exercise, and those that demand minimal movement of
the body, so that recommended for rehabilitation (Cho
& Park, 2019; Rutkowska-Kucharska & Szpala, 2017).

Among the bridge types of exercises, a supine bridge
is a general low-intensity abdominal exercise that granted
minimal stress on the lumbar spine (Axler & McGill,
1997). Previous researchers have suggested variations to
the supine bridge exercise to maximize its strengthening
effects (Escamilla et al., 2016). It was previously
demonstrated that abduction of the lower extremity and
lifting one leg had positives with rectus abdominis (RA)
activation during supine bridge exercises (Yoon et al.,
2018). Choi and Kang (2013) reported that supine bridge
performed with the feet suspended are advantageous for
activating abdominal muscles.

Although previous findings reported additional hip
movement, elevated feet position have positive effects
for activating abdominal muscles during bridge form of
exercise, additional exercise component not always lead
to mechanical advantage for recruiting muscles. A study,

in which muscle activities during supine bridge performed

at hip position were examined, bilateral movements
induced more activity of the multifidus, while a reduced
activation of the global muscles (Park et al., 2014). In
addition, it is questionable to maximize the muscular
recruitment through increases of exercise intensity,
especially regarding that the supine bridge exercise is
low-intensity exercise.

The supine bridge exercise using suspension device
is generally used by physical therapist and athletic trainer,
to enhance the trunk muscles. Recently, the supine bridge
with suspension device which the feet elevation could
be controlled by the height adjustable sling has been
suggested (Cho & Park, 2019; Choi & Kang. 2013). The
magnitude of feet elevation could change the inclination
angle of the trunk and lower extremity, which affects
the subjective difficulties and muscular activations around
the trunk. However, there were lack of study, which has
evaluated trunk muscle activities and subjective difficulties
according to the inclination angles.

Therefore, the major purpose of the study was to
compare inclination angle variations with respect to trunk
muscle activation during supine bridge exercises. The
secondary purpose was to find out whether difficulty level

could be changed according to exercise conditions.

I. MATERIALS AND METHOD

1. PARTICIPANTS

Asymptomatic individuals participated in this study,
who were recruited from a local university. The inclusion
criterion for participants were determined as excluding
musculoskeletal problems during recent 6 months.
Participants with body mass index (BMI) =25 were
excluded for obviating the latent influence of fatty tissue

on surface electromyographic (EMG) investigation. A
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final sample were 19 male subjects and demographics
of sample participants were 20-24 years old (21.26 +
1.41, mean + SD) with height and weight of 171.27 +
4.90cm and 62.58 + 7.17kg, respectively. The average
BMI was 21.26 + 1.41. All participants recieved informed
written consent following the protocol approved by Kaya
University Faculty of Health Science Human Ethics
Committee (Kaya IRB-274).

2. INSTRUMENTATION

Four channel of the surface -electromyography
(LXM3204, LAXTHA, Korea) was used to correct the
muscular activation. The sampling rate of the sEMG
signals were as 1000Hz frequency. The data were
processed with the acquisition software (Telescan,
LAXTHA, Korea). Four surface electrodes were embedded
parallel to the muscle fibers on the right side as follows:
on the rectus abdominis (RA) muscle at approximately
3 cm lateral to the umbilicus; on the internal oblique (I0)
muscle at approximately 1 cm medial to the anterior
superior iliac spine; on the erector spine of L3 (ES) muscle
at the a approximately 2 cm form the vertebral spine
over the muscle mass; and on the rectus femoris (RF)
muscle at approximately the midpoint at the line between
anterior superior iliac spine and patella (Cram et al., 1998).
The skin was prepared for EMG measurement by cleaning

the electrode site with alcohol.

3. PROCEDURES

Five minutes of practice and rest time is given to
participant to practice the exercise variations, each subject
has performed three different supine bridge exercises with
suspension device. Subjects were in the supine position
with neutral hip and knee extension. With making a line

between the axis of suspension and ankle joint to vertical

to the ground, level of the ankle strap was determined
by the wedge under the buttocks. Inclination of wedge
was measured with digital inclinometer as 15°, 30°, and
45°, then the wedge was removed during exercise
procedures. During exercises, distal portions of both legs
placed in the sling suspension system (Redcord Trainer
AS, Norway).

A neutral lumbar spine position was ensured by the
examiner (anterior and posterior iliac spines in line) during
the exercise performance, and the subject was instructed
to maintain this position for 10 seconds controlled by
metronome. The first and last three seconds were
excluded, and the activity from middle of four second
was used for further analysis. The participants were
allowed to rest three minute between three trials in each
condition. After collecting SEMG data during exercise
variations, each subject was asked to perform two trials
at maximal voluntary muscle contraction (MVIC) for the
included muscles against manual resistance (Kendall et
al., 2005).

Although the bridge exercise is known as low-intensity
exercise, psychological and subjective difficulties were
not well identified, especially for bridge exercise using
suspension device. To identify the subjective difficulties
of each exercise, therefore, the Borg rating for perceived
exertion score, which ranged from six to twenty were
investigated after performing each exercise. It was
designed the rating of perceived exertion (RPE) scale,
which is widely believed to be one of the best indicators
of degree of physical strain. Score of 7 represents “very,
very light”, 9 represents “very light”, 11 represents “fairly
light”, and 13 represents “Moderately light” (Scherr et
al,, 2013).

4. STATISTICAL ANALYSIS

The sEMG signal was calculated with root mean square
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formula and set widow length at 0.125 second. The data
were averaged and demonstrated as the %MVIC relative
to normalized data. The maximum value between the two
MVIC trials was used for the normalization procedure.
The normalized values of RA, 10, ES, and RF were
presented as %MVIC. The values including normalized
surface EMG, the Borg RPE scale values were used for
statistical analysis. PASW Statistics (version 18.0; SPSS,
Chicago, IL, USA) was used to determine the significance
of differences in %MVIC values between exercise
conditions. For investigating the normal distribution of
data, the test of the Kolmogorov-Smirnov has been used
before the statistical analysis. One-way repeated-measure

ANOVA was performed to test for differences in

normalized muscle activity and subjective difficulties. The
Bonferroni correction was performed for pairwise multiple
comparisons to identify specific differences between
exercise variations. In all analyses, significant level was

set as 0.05.

Il. RESULTS

The mean values of normalized EMG data and Borg
RPE score were demonstrated in table 1. The factor of
inclination angle significantly affected the muscular
activities of RA, ES, RF, and Borg RPE score (p < 0.05).
The supine bridge with 15° inclination significantly

Table 1. Descriptive statistics of normalized EMG data (%MVIC) of the four muscles and Borg RPE
(rating for perceived exertion) score during supine bridge exercise conditions with suspension device

Value (Mean + Standard deviation)

Variables Supine bridge exercise with suspension device
15° inclination 30° inclination 45° inclination F-value p-value
RA 30.09+18.78 29.87+18.82 31.58+18.81 5.24 0.02°
10 24.26+11.30 23.50+11.28 23.43£10.16 1.16 0.33
ES 48.14+10.75 45.33£10.91 44.29+11.79 7.01 0.00°
RF 15.33+6.67 16.47+6.49 17.18+6.80 6.76 0.00°
Borg RPE 7.44+2.17 8.89+2.63 9.50+2.99 10.20 0.00"

a

: significant difference among exercise conditions (p <0.05)
MVIC: maximum voluntary isometric contraction, RA: rectus abdominis, IO: internal oblique abdominis, ES: erector spinae,
RF: rectus femoris, Borg RPE: Borg rating of perceived exertion

*

—
d T T

*
N i
0-

15° inclination 30° inciination 45° inclination 15° inclination
Rectus Abdominis Internal Oblique Abdominis

|

-1

45° inclination 15° inclination

801
60+ ‘

%MVIC

-

T
30° inclination 45° inclination

Erector Spinae

T
30° inclination

* Significant difference between conditions (p < 0.05)

Fig. 1. The normalized EMG data (%MVC) of the RA, 10, and ES during exercise variations.
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Fig. 2. The normalized EMG data (%MVC) of the RF and Borg RPE (rating for perceived exertion) score

during exercise variations.

elevated the muscular activity of the ES, compared to
the exercise with 30° and 45° inclination (Fy;s = 7.09,
observed power = 0.87, p < 0.05). On the other hand,
the normalized sEMG data for the RA and RF differed
significantly among exercise variations, which were
greater in supine bridge with 45° inclination, compare
with the other exercise conditions (RA: Fpi6 = 5.24,
observed power = 0.75, RF: F,16 = 6.76, observed power
=0.86) (p < 0.05). (Fig. 1 & 2). The subjective difficulty
measured with the Borg RPE score was serially increased
with the increases of the inclination angle (F»16 = 10.20,
observed power = 0.96) (p < 0.05).

Iv. DISCUSSION

This study was to identify the effects of different
inclination angle on the activation of the trunk muscles,
and subjective difficulties during supine bridge exercises
with suspension device. The supine bridge exercise with
45° inclination elicited more RA and RF activations and
was considered more difficult. A previous study also
investigated the muscular activation during supine bridge

exercise with sling device (Lee et al., 2015): supine bridge

with high sling position could elicited overall abdominal
muscular activities, which is similar results to present
result of RA. However, 10 activity did not differ
significantly by inclination angle in present study. These
results are not same with those of previous finding
demonstrating overall trunk muscle were more activated
with high sling position. This difference might be caused
by the methodological changes. The previous study
included adduction and abduction of the hip joint as well
as sling height. On the other hand, present study only
included the neutral hip position. Presence and absence
of the additional muscle recruitment might affect the
difference between the present and previous results.

The RF activity also increased with the high inclination
angle, but this result might not be positively interpreted.
Because the increased activation of the RF could rotated
the pelvis anteriorly, which contributes lumbar lordosis.
Considering results of the Borg RPE score and RF
activities, supine bridge with high inclination angle might
be unsuitable for the subject with weak abdominal muscle
or lumbar pathologies. Although exercise types are
different, previous finding also reported the similar
suggestions about increased activation of the RF
(Escamilla et al., 2006).
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The major finding of present study is that supine bridge
exercise with low inclination angle decreased the
subjective difficulties, and showed relatively higher
activation of the erector spine. Atkins et al. (2015) also
reported that increased exercise intensity compromised
by the unstable surface improved activation of the anterior
core musculature rather than lateral or posterior muscles.
Based on previous studies demonstrating activities of the
trunk musculature during curl up, prone bridge (plank),
bilateral leg raise, and one leg hip extension, supine bridge
is not appropriate exercise for activating the abdominal
trunk muscles (Czaprowski et al., 2014; Escamilla et al.,
2016; Yoon et al., 2018).

According to a previous study classifying muscle
activity, it was considered low muscle activity was ranged
0-20% maximum voluntary contraction (MVC), while 21—
40% was moderate, 41-60% was high, and greater than
60% was very high (Escamilla et al., 2010). In our results
demonstrated that the low level of muscular activities from
10% to 30% except the erector spines. This manifest that
supine bridge exercise is suitable for activating posterior
trunk muscles, but not for the anterior trunk muscles.
Considering the supine bridge exercise is low-intensity
exercise which is examined with present results of Borg
RPE score, application of the low inclination angle is
sufficient for activating trunk extensor muscles in clinical
setting.

Several limitations were remained in present study.
First, there was a lack of electromyography data on the
other hip muscles, such as the biceps femoris, which may
also be influenced by the inclination angle during exercise.
Second, our results of RA could not reach to 80% of
power, so that it is hard to have clinical meaning. Lastly,
kinematic considerations in the pelvis could not be
measured. Further investigations addressing these

limitations are warranted.

V. CONCLUSION

Supine bridge exercise with three inclination angles
were examined in the present study: 15° inclination, 30°
inclination, and 45° inclination. These inclination angles
significantly affected muscular activities during supine
bridge exercises, as well as Borg rating of perceived
exertion (RPE) scale scores. Although 45° inclination
angle of the exercise significantly elevated the muscular
activities of the rectus femoris and rectus abdominis,
present study did not recommend adopting high inclination
angle on bridge exercise with suspension device
considering subjective difficulties and low mean value
of muscular activities. Applying low inclination angle on
supine bridge exercise is suitable for activating erector

spine muscles.
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