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Abstract

Background: The bridge exercise prevents repeated
damage to the tissues around the spine by reducing
stimulus transmission to the ligaments and joint cap-
sules, thereby alleviating back pain. It also contributes
to strengthening the muscles of the lower extremities.
Design: A Single Subject experience design.
Methods: This study was conducted on 28 healthy
adults in their 20s to 30s and conducted at St. Mary's
Hospital in C City from May to July 2021. Four
types of bridge exercise were performed in this study:
the normal bridge exercise and bridge exercises with
0.5%, 1%, or 1.5% body weight resistance applied on
the pelvis through manual resistance during the bridge
exercise and to determine the effect of resistance ap-
plied in the bridge exercise on the activation of the
trunk and lower extremities muscles.

Results:This study showed that the muscle activity of
the trunk and lower extremities improved significantly
in response to stronger resistance when manual resist-
ance equivalent to 0.5%, 1%, or 1.5% of body weight
was applied during the bridge exercise compared to
when the normal bridge exercise was performed.
Conclusion: This study shows that manual resistance
can be applied as an effective method of bridge ex-
ercise since muscle activity in the trunk and lower ex-

tremities increases when manual resistance causing

isometric contraction is applied.
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I. Introduction

The bridge exercise performed with one’s knees bent in a comfortable position while lying on a back, after which
the hips are raised (Jung et al, 2017). Bridge exercise is a foundational exercise in most physical activities or sports
that emphasize the body’s stability, as it can enhance physical stability through simultaneous contraction of the muscles
around the trunk. The bridge exercises relieve back pain by reducing the transmission of impulses to ligaments and
joint capsules, preventing repetitive damage to tissues around the spine (Stevens et al, 2007). Furthermore, it helps to
absorb external forces exerted on the back, leading to coordination and complementation between the muscles around
the back (Jeon, 2010,0h, 2022). The bridge exercise is a closed kinematic chain exercise that increases spinal and pelvic
stability by activating the muscles connected to the lumbo-pelvic area. The exercise can be done through movements
necessary for activities of daily living and partial weight-bearing necessary for ambulation (O'Sullivan et al, 2019).

The bridge exercise is applied to increase the strength of the gluteus maximums and hamstring in an effort to promote
stabilization of the back and trunk (Kisner et al, 2017), and it uses various synergic muscles and stabilizer muscles
such as the erector spinae, rectus abdominis, external oblique, and internal oblique (Moon, 2017). Accordingly, the im-
portance of body stabilization and the necessity of the bridge exercise, which requires activating the muscles of the
trunk, have been emphasized in rehabilitation, (Lehman et al, 2005). This exercise involves selectively applying muscle
activation of the lower extremities while maintaining stabilization of the trunk (Shumway-Cook et al, 2001), and the
muscles that are activated may vary according to the type of the intervention. Previous studies have investigated iso-
metric contraction in the adductor muscle group of the hip joint, changes of the knee joint angle, modified bridge ex-
ercises, and changes in the support plane (Kim et al, 2010; Kim and Hwang, 2013; Lee et al, 2014; Lee et al, 2010;
Han et al, 2015). The bridge exercise has also been done using various instruments such as Swiss balls, balance pads,
and slings to enhance the core muscles (Kim et al, 2018; Kim et al, 2012; Kim et al, 2016; Kim et al, 2009; Song
et al, 2011).

A recent study also investigated the activation of abdominal muscles during the bridge exercise through weights
(loads) or manual correction (Moraes et al, 2009; Kim et al, 2014). According to a study on the effect of different
types of foot support on the muscle activity of the trunk and leg muscles (Kim et al, 2016), sole support led to higher
activity of the erector spinae, gluteus maximus, and semitendinosus muscles than the other muscles, toe support in-
creased the activity of the semitendinosus and soleus muscles, and heel support influenced the activity of the soleus
muscle. In addition, compared to the normal bridge exercise, the bridge exercise with the soles pressing on the ground
without changing the angle of the ankles led to higher muscle activity in the erector spinae, gluteus maximus, semite-
ndinosus, peroneal, rectus femoris, and rectus abdominis muscles and showed statistically significant differences (Jung
et al, 2017). With the method of foot support and pressing the floor with the soles, a study investigated the activity
of the abdominal muscles when using weights (loads) or manual correction during the bridge exercise and found that
the group that adjusted their posture following the hand of the therapist had a significantly higher gluteus maximus/ham-
string muscle activity ratio than the control group (Moraes et al, 2009; Kim et al, 2014). Moreover, Park et al. (2013)
reported that when participants put their hand on the anterior superior iliac spine and corrected the posture of their

pelvis while they actively raised their legs in a lying position, pelvic rotation was reduced and the activity of the ab-
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dominal muscles increased compared to participants who used a belt or did not adjust their posture.

A study on the activity of the trunk and leg muscles when various weights were applied to modified bridge exercises
reported that when, a weight equivalent to 0.5% of body weight was loaded, the activity of the vastus medialis muscle
and gluteus medius increased (Lee, 2019). As in the above study, performing the exercise with a weight applied to
a specific body part can minimize boredom and enhance the motivation of the exerciser (Kim, 2005), and adding
weights to the body weight and on body segments can increase the physical exercise performed by each body segment
(Jun, 1994). A previous study reported that weight-bearing exercises can induce effects in smaller (in terms of speed
or the range of motion) types of movement and improve the effects in people who have limited physical movement
when they move within their available range of motion (Yang, 1996). Although there are various ways of applying
weight loads, Cho et al. (2016) reported that manual resistance is advantageous in that it can reduce back pain, control
the intensity of the exercise according to patients’ condition, draw forth their exercise capacity, and allow one to per-
ceive the muscular strength of patients while they are exercising (Cho et al, 2016).

The bridge exercise is currently widely used in clinical practice for trunk stabilization, and the intensity of the training
is controlled by applying manual resistance to the pelvic area. However, in previous studies, manual resistance and
weight loads were mainly applied to the arms or legs (Lee 2017, Park et al 2021), and there are insufficient studies
where manual resistance and weight loads were applied for trunk stabilization during the bridge exercise. Moreover,
since prior studies have stated that the method where a therapist applies manual resistance is widely performed in clin-
ical practice, it can be inferred that better results will be observed if it is used in conjunction with diverse methods
of exercise therapy (Cho et al 2016). Therefore, this study aimed to analyze the muscle activity of the trunk and lower
extremities when various weights (loads) were applied on the pelvis through manual resistance during the bridge exercise
and to determine the effect of resistance applied in the bridge exercise on the activation of the trunk and lower ex-
tremities muscles. Another purpose of this study was to increase the effect of the bridge exercise and provide the basic

data necessary for creating spinal stabilization training programs.

II. Methods

This study was conducted in 28 healthy adults in their 20s to 30s, and the participants in this study received a suffi-
cient explanation of the purpose and methods of this study before the experiment, filled out an informed consent form
indicating their consent to the purpose of the study, and expressed willingness to participate in the study before joining
the experiment. The inclusion criteria were people who did not have back pain, musculoskeletal disease, a surgical his-
tory, a limited range of motion of the back and lower extremity joints, or a loss of muscle strength. Those who had
neurological conditions, cardiopulmonary diseases, or congenital deformities of the arms and legs were excluded. Table

1 presents the general characteristics of the participants.
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Table 1. General characteristics of subjects (N=28)

Parameters m+SD or Number(%)

Gender (male/female) 21/7(75/25)
Age (years) 26.85+3.51
Body Weight (kg) 68.75+11.81
Height (cm) 171.82+7.65
0.5%BW (kg) 3.43+0.59
1.0%BW (kg) 6.87+1.18
1.5%BW (kg) 10.31£1.77

%BW: %Body Weight

1) Procedure

After being approved by the IRB of the Korea National University of Transportation (KNUT IRB 2021-27), this study
was conducted at St. Mary’s Hospital in C City from May to July 2021. Four types of the bridge exercise were per-
formed in this study: the normal bridge exercise and bridge exercises with 0.5%, 1%, or 1.5% body weight resistance
applied. In the normal bridge exercise, one fixes the knees at 60° in a supine position, raises the hip joint to 0°, and
holds for 5 seconds at the verbal cue of the therapist. In the bridge exercises with resistance applied, 0.5%, 1%, or
1.5% of body weight was applied by the therapist through manual resistance during the bridge exercise. When perform-
ing each type of the bridge exercise, the activity of the bilateral erector spinae, rectus abdominis, gluteus medius, ham-
string, and tibialis anterior muscles was measured using a wireless surface electromyography system.

All participants were given a 10-minute break between measurements to prevent muscle fatigue and injury when per-
forming the four types of the bridge exercises, and research assistants stood by during the experiment to prevent danger-
ous situations.

The setup for the normal bridge exercise is to lie down with the knees raised at 60°, both feet spread at shoulder
width parallel to each other and touching the floor, both arms straight on the supporting plane, and the head and eyes
fixed on the ceiling. When the participant is ready to perform the bridge exercise, he/she raises the hips to the verbal
cue “raise your hips” until the hip joint is at 0° and holds it for 5 seconds. Resistance is not applied at this stage
(Figure 1). In the variations of the bridge exercise with resistance applied, the participant raises the hips from the setup
for the normal bridge exercise in response to the verbal cue “raise your hips” until the hip joint is at 0°, holds it for
5 seconds, and the therapist applies resistance to the both sides of the participant’s pelvis while wearing digital myo-

meters on both hands (Figure 2).




Immediate Effects of Appling Resistance in the Bridge Exercise on Muscle Activity in the Trunk and Lower Extremities 5

- i

Figure 1. bridge exercise: (a) Before the normal bridge exercise (b) During the normal bridge exercise

Figure 2. isometric contraction bridge exercise : (a) Before the isometric contraction bridge exercise (0.5%, 1%, 1.5%/BW)

(b) During the isometric contraction bridge exercise (0.5%, 1%, 1.5%/BW)

After the therapist applies resistance to the anterior superior iliac spine area while the participant maintains the bridge
exercise posture, he/she applies manual resistance using both hands and measures the isotonic contraction. Manual resist-
ance equivalent to 0.5%, 1%, or 1.5% of body weight was displayed visually on a digital myometer(Jtech Commander

Echo, JTECH Medical, USA) (Figure 3).
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Figure 3. Manual resistance equivalent to 0.5%, 1%, or 1.5% of body weight was displayed visu-
ally through the myometer.

Measurement
1) surface electromyography (SEMG)

Muscle activation of both trunk and lower limbs was measured using wireless surface electromyography (sEMG)
(freeEMG1000, BTS Bioengineering, Milano, Italy). The sample rate and bandpass filter were set to 1,000 and 20-500
Hz, respectively. Wireless SEMG electrodes were attached to both lower limb muscles (erector spinae, rectus abdominis,
gluteaus medius, hamstring, tibialis anterior) using adhesive electrodes. Ten wireless adhesive electrodes were attached
to the five major muscle groups of both trunk and lower limbs based on the SENIAM (Surface EMG for Non-Invasive
Assessment of Muscles) guideline20. Muscle activation data were obtained using an EMG Analyzer v2.9.37.0 (BTS
Bioengineering, Milano, Italy). To remove artifacts and high-frequency noise, the obtained sSEMG raw data were band-
pass filtered (20-500 Hz). All values were set to Maximal Voluntary Contraction (MVC) and expressed as %MVC to
normalize the sSEMG signal(Cram et al, 1998). For analysis, 6-11 seconds were analyzed except for 5 seconds in the

preparation posture during the 11-second measurement.

Statistical analysis

Data analysis was performed using SPSS version 21.0. (IBM Corp, Armonk, NY, USA). Descriptive statistics were
used to analyze the general characteristics and baseline clinical assessments of the participants. The Kolmogorov-smirnov
test was used to confirm that all outcome variables were normally distributed. For dependent variable measures, repeated
measures analysis of variance (post hoc analysis used Bonferroni correction) was used to compare changes in the muscle
activation of both trunk and lower limbs and were conducted to compare the muscle activity of the trunk and lower
extremities according to general bridge exercise and bridge exercise with resistance (0.5%, 1%, 1.5% of body weight)

applied. A significance level of 0.05 was used for all tests
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III. Results

In total, four bridge exercises were applied to 28 subjects who participated in this study. In this study, when bridge
exercise with resistance of 0.5%, 1%, and 1.5% were applied, the muscle activity of the erector spinac muscle, rectus
abdominis muscle, gluteus medius, hamstring and anterior tibialis muscle increased as the resistance increased and It

can be seen that there was a significant improvement in comparison between groups (p=.000)(Table 2).

Table 2. Changes of trunk and lower limb muscle activity according to the resistance load during bridge exercise (N=28)

paamoters | BE Without RL BE with RL  BE with L BE with RL o) post b
arameter:
cers (A) (0.5 %BW) (B) (1.0 %BW) (C) (1.5 %BW) (D) oSt o
A-B,C,D
L 7277+ 2873 9854 + 2679 10688 + 2975 11535 + 3773 16.001(.000) eh
ES ’
A-BCD
R 73.80 £ 2863 10077 + 2662 10662 + 24.02  117.28 = 3443 14.991(.000) S
A-C,D
L 8320 + 1494 9197 + 1727 9808 + 1667 10718 + 24.84  14.517(.000) heD
RA b
A-B,C,D
R 8488 + 1648 9495 + 1275 10528 = 1651 11435 = 18.08  44.047(.000)
B-C,D, C-D
A-BCD
L 6472 +2134 8419 + 2496 9393 + 3587 11177 + 4340  29.990(.000) oD O
GM ’
R 7252 £ 2450 9129 + 2670 103.80 + 31.95 12323 + 4592 36.545(.000) A-BCD
. . . : . . . . 545 BCD. CD
A-BCD
L 623842339 8574 2188  98.10 = 21.63  107.98 + 30.31  60.570(.000)
B-C,D, C-D
HAM
A-B,C,D
R 5992 2395 8652 + 1586  103.07 2347 11584 = 3971 46.056(.000) eh
A-BCD
L 5767 + 2637  68.04 2524  80.69 = 2845 9414 + 4552 19.549(.000) e
TA ’
A-BCD
R 5672 2504 6995+ 2699 8339 + 3076  100.85 = 4523  30.503(.000)
B-C,D, C-D

BE: Bridge Exercise, %BW: %Body Weigh, RL: Resistance Load, L: Left side, R: Right side, ES: Erector Spinae, RA: Rectus
Abdominis, GM: Gluteaus Medius, HAM: Hamstring, TA: Tibialis Anterior

A-B: Significant difference between bridge exercise without resistance load and bridge exercise with resistance load (0.5%BW)
(p<0.05); A-C: Significant difference between bridge exercise without resistance load and bridge exercise with resistance load
(1.0%BW) (p<0.05); A-D: Significant difference between bridge exercise without resistance load and bridge exercise with resistance
load (1.5%BW) (p<0.05); B-C: Significant difference between bridge exercise with resistance load (0.5%BW) and bridge exercise
with resistance load (1.0%BW) (p<0.05); B-D: Significant difference between bridge exercise with resistance load (0.5%BW) and
bridge exercise with resistance load (1.5%BW) (p<0.05); C-D: Significant difference between bridge exercise with resistance load
(1.0%BW) and bridge exercise with resistance load (1.5%BW) (p<0.05)
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IV. Discussion

Strength training in recent clinical practice for musculoskeletal patients has focused on the accurate recruitment of
weakened muscles and enhancement of motor control ability. Through various methods, such as posture correction or
manual resistance by the therapist, for the recruitment of accurate muscles, compensation movements are minimized at
a level of difficulty appropriate for the patient’s capacity in order to facilitate effective rehabilitation. Accordingly, this
study aimed to determine how the application of manual resistance during the bridge exercise, which is commonly used
in trunk stabilization training, would impact muscle activity in the trunk and lower extremities. In this study, muscle
activity was measured during the normal bridge exercise and variations of the bridge exercise with 0.5%, 1%, or 1.5%
resistance applied. The bridge exercise is a closed kinematic chain weight-bearing exercise widely used in clinical prac-
tice to increase the strength of lower extremities (Kisner et al, 2007), stabilize the trunk, and increase the strength of
the glutes and legs.

This study showed that when manual resistance equivalent to 0.5% of body weight was applied, the muscle activity
of both erector spinac muscles substantially improved as the manual resistance increased. Although the muscle activity
increased as a result of resistance equivalent to 1% and 1.5% of body weight, there was no significant difference
(p>.05). The activity of the erector spinae is thought to have increased because the bridge exercise stabilizes the spine
and can activate muscles sufficiently with resistance equivalent to just 0.5% of body weight while one holds the posture
with the resistance applied. Among the local muscles that are involved in trunk flexion during the bridge exercise, the
erector spinae accounts for a large proportion of trunk flexion (Lee et al 2015). Muscle activity increased during the
bridge exercise (Neumann, 2010) as a result of contraction of the gluteus maximus to the end of the range of motion
of the hip joint and the movement done to raise the hips to the target level or bear the weight resistance.

The rectus abdominis muscle activity improved significantly when manual resistance equivalent to 0.5%, 1%, or 1.5%
of body weight was applied compared to the normal bridge exercise. It is thought that the improved activity of the
rectus abdominis as the load increased progressively is in accordance with the overload principle, since the rectus ab-
dominis plays a role in maintaining balance against gravity or external loads exerted on the body, as well as the stability
of the trunk. A study on muscle loading and spinal stabilization in healthy adults during lumbar stabilization exercises
by Kavcic et al. (2004) reported that the bridge exercise was highly correlated with the muscle activity of the rectus
abdominis. Although only the superficial muscle groups are activated by the normal bridge exercise, applying manual
resistance as in this study can activate the deep muscles as well. In addition, since raising the hips during the bridge
exercise increases the intra-abdominal pressure and provides dynamic stabilization for the rotation and translational stress
of the back, contraction of the rectus abdominis provides optimal neuromuscular efficiency (Hodges et al, 1999).

The muscle activity of the gluteus medius increased significantly when manual resistance equivalent to 0.5%, 1%,
or 1.5% of body weight was applied compared to the normal bridge exercise, which agrees with the results of previous
studies. A study by Lee (2017) found significant differences between 0% to 0.5% and 0% to 1% of body weight when
the bridge exercise was performed using weight loads, and 0.5% was reported to be an appropriate weight for selective

contraction of the gluteus medius. It is believed that contraction of the gluteus medius stabilized the muscle between
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the hip joint and the spine similarly to the gluteus maximus during the bridge exercise, and a high level of activity
of the gluteus medius may be necessary in various environments that are more dynamic than the normal bridge exercise
and where the exerciser has to bear resistance. These weight-bearing exercises are beneficial in that the activity of the
muscles can be increased (Bolgla et al, 2005). The gluteus medius is a very important muscle for therapeutic re-
habilitation exercises of the hip joint in actual clinical practice, and to enhance the strength of the gluteus medius and
improve its muscle activity, exercises should be performed through appropriate loading, such as the progressive loading
protocol. The important role of the gluteus medius and the necessity of strengthening the muscle are emphasized in
actual clinical practice to stabilize the pelvis and minimize knee misalignment during weight-bearing exercises (Ayotte
et al, 2007). Since it is important to improve the strength of the gluteus medius, the therapist should help the patient
maintain a posture that activates the gluteus medius and provide appropriate loads when applying exercises to a patient
with hip joint problems. As manual resistance was applied on the pelvis in this study, the actions for bearing isometric
resistance stabilized the sacroiliac joint, placed pressure on the joint surface to enhance the form closure, and enhanced
the selective increase of muscle activity. Appropriate muscle activity of the hip joint muscles and pelvic area contributes
to pelvic stabilization and influences the muscle activity of the muscles around the pelvis and back. A previous study
reported that external support of the pelvis selectively increased the activity of the gluteus medius (Lee et al, 2011),
and in another prior study, when isometric contraction was applied for hip abduction during the bridge exercise, the
activity of the gluteus maximus and gluteus medius increased by 10.88% and 4.75%, respectively. Isometric resistance
applied during the bridge exercise led to significant improvements in the gluteus medius, which correlates with the result
of previous studies (Choi et al, 2015).

The muscle activity of the hamstring and tibialis anterior muscle improved significantly when manual resistance
equivalent to 0.5%, 1%, or 1.5% of body weight was applied compared to the normal bridge exercise. The bridge ex-
ercise is widely used as an intervention method for improving trunk stability and strength by enhancing the coordination
of superficial muscles (e.g., the erector spinae and hamstring) and deep muscles (e.g., the multifidus muscles and gluteus
maximus) (O’Sullivan et al, 2007). It has been reported that the bridge exercise develops the coordination patterns of
muscles by activating local and deep muscles at an appropriate ratio (Stevens et al., 2006), enhances neuromuscular
control for trunk flexion and extension, and improves the functional stability of the trunk and back area by strengthening
the pelvis and leg muscles (Kisner et al, 2007). Strengthening the lower extremity muscles during the bridge exercise
caused significant improvements in the muscle activity of the hamstring and tibialis anterior muscle when manual resist-
ance was applied.

Unlike previous studies, muscle activity was measured bilaterally in this study, and the muscle activities on both sides
were similar due to the direct and symmetrical application of manual resistance by the therapist on the pelvis. When
applying the bridge exercise, it is important to maintain proper alignment and a neutral position of the pelvis and spine
through the simultaneous contraction of the deep spinal muscles, and if the correct movement is not performed, it may
result in excessive forward bending of the back or asymmetrical trunk muscles and leg muscles (Stevens et al., 20006).
Therefore, since it is of utmost importance to control the level of difficulty of the exercise and apply the exercise to
patients carefully according to their level, it is considered that fixing the patient’s pelvis while applying manual resist-
ance to it helped maintain a neutral posture. Moreover, the reason why the muscle activity of the hamstring and tibialis

anterior muscle was relatively low is believed to be because the agonistic muscles during the bridge exercise are the
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gluteus medius and erector spinae, which extend the hip joint. In actual clinical practice, the activation patterns of the
hamstring are very important. The data of this study on activation of the hamstring during the bridge exercise can be
very beneficial for preventing hamstring injuries in athletes or normal people, and low manual resistance (equivalent
to 0.5% of body weight) enable sufficient activation of the hamstring of patients in early rehabilitation after surgery,
and muscle activity increases when the posture is held against resistance. In addition, the bridge exercise has the advan-
tages that it can be applied (with or without partial weight loads) to people with pelvis, knee, and ankle instability,
as well as patients who need to strengthen the hamstring group during rehabilitation exercises related to injuries of the
anterior cruciate ligament in the lower extremities. Since the gluteus medius, hamstring, and tibialis anterior muscle cre-
ate synergy in raising the pelvis during the bridge exercise (Choi et al, 2015), change in the activity of a muscle can
be related to increased activity of the elevating muscles (Jonkers et al, 2003). Although the bridge exercise with manual
resistance was performed by uninjured adults in this study, it is believed that this exercise can increase the physical
exercise conducted by each body segment by increasing the body weight or body segment weight during rehabilitation
training for patients with musculoskeletal injuries or neurological injuries.

This method can also minimize the boredom experienced by patients during the exercise, and raise their motivation
by applying specific weight loads on the body. This study has the limitation that it the findings are difficult to generalize
since the number of the participants was relatively low and it was conducted among healthy participants. Also, since
there are more male subjects than female subjects, it may have affected the increase in muscle strength. Studies that
take this limitation into account will be needed in the future. Nevertheless, the results of this study showed that the
bridge exercise, which caused isometric contraction, led to significant improvements in muscle activity in the trunk and
lower extremities. These findings will provide the basic data necessary to organize spinal stabilization programs in clin-

ical practice.

V. Conclusion

This study was conducted in 28 healthy adults to analyze the effect of the bridge exercise, which causes isometric
contractions, on muscle activity in the trunk and lower extremities. The muscle activity of the trunk and lower ex-
tremities improved significantly in response to stronger resistance when manual resistance equivalent to 0.5%, 1%, or
1.5% of body weight was applied during the bridge exercise compared to when the normal bridge exercise was
performed. In addition, muscle activity increased significantly at the minimum resistance, equivalent to 0.5% of body
weight. Manual resistance can be applied as an effective method of the bridge exercise, since the muscle activity in

the trunk and lower extremities increases when manual resistance causing isometric contraction is applied.
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