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Objective: The aim of this study was to measure the muscle architectural parameters of abdominal muscles in healthy individuals
by rehabilitative ultrasound imaging (RUSI) and to investigate their changes after bridging exercise in various environments.
Design: Cross-sectional study.

Methods: The study included 40 healthy participants (19 men, 21 women). Subjects were randomly allocated to a stable surface
group (SG, n=20) or an unstable surface group (UG, n=20). The participants assumed three positions in rest, bridging exercise with
knee flexion 60°, and bridging exercise with knee flexion 90° for the measurement of abdominal muscle thickness by RUSI. For
the resting position, the participants held the head neutral in a hook-lying position and the dominant side was measured. For con-
traction, the participants performed the bridging exercise with the knee joint in 60° and 90° of flexion for 10 seconds each.
Results: For transversus abdominis, external oblique muscle thickness, within the stable surface group and the unstable surface
group, no significant contraction difference was observed in both the 60° and 90° bridge exercise conditions. Contraction differ-
ence of internal oblique muscle was significantly larger at 90° than at 60° within the SG (p<0.05). But within the UG, no significant
contraction difference was shown. There was no significant contraction difference between the surface group and the unstable SG
at 60° condition and at 90° condition in all measured muscles.

Conclusions: The contraction difference is different for each muscle during bridge exercise with knee flexion 60° and bridging
exercise with knee flexion 90°. Muscle contraction difference is generally large when exercised on an unstable surface than a stable
surface, but these are not statistically significant when bridging exercise is performed using dynamic air cushion for unstable
surface.
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Introduction

The core muscle, like the corset, is located in the lum-
bar-pelvic region [1]. The lumbar muscle is an important
muscle because it provides mobility and stability during var-
ious movements [2]. The core stability is divided into the
roles of global muscles and local muscles [3]. The local mus-

cles are close to the spine and must act before the global
muscle moves to stabilize the lumbopelvic region. On the
other hand, the global muscles are located close to the sur-
face and generate force and torque [1]. In order to stabilize
the spine, it is important to harmonize the global and local
muscles without activating any one muscle [4].

Bridging exercise is a typical method for stabilizing the
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trunk muscles. It is known to enhance muscle coordination
patterns to generate the overall torque of the global muscle
and the stability of the local muscle [4]. Bridging exercise
enhance the neuromuscular control of trunk flexor and ex-
tensor muscles and enhancing stability of the trunk and lum-
bar region by strengthening the pelvis and lower limb mus-
cles [5]. In addition, many studies have been conducted
through various methods and modifications. To evaluate the
effects of bridging exercise, electromyography is often used
[1,5-9]. However there is still a lack of study to investigate
the mechanism of motor function improvement after bridg-
ing exercise, especially from the muscle fascicle level.

The muscle architecture defined by the geometric ar-
rangement of the fascicle affects muscle function which
characterizes and specifies the muscle’s ability to generate
power [10]. Recently, rehabilitative ultrasound imaging
(RUSI) has been applied to measure skeletal muscle struc-
ture [11,12]. RUSI can distinguish between muscle and tis-
sue to produce high-quality images of the muscle structure.
It is also possible to quantitatively measure muscle structure
such as fiber size, thickness, length, cross-sectional area,
and pennation angle [13].

The purpose of this study was, therefore, to measure the
muscle architectural parameters of transversus abdominis
(TrA), internal oblique (I0), and external oblique (EO) in
healthy individuals by RUSI and to investigate their changes
after bridging exercise in various environments. It will help
us to understand the biomechanical mechanisms of exercise.
We hypothesize that RUSI could distinguish the changes af-
ter bridging exercise and that the exercise might be related to
the changes of muscle architecture.

Methods
Subjects

Forty healthy individuals (19 men, 21 women) volun-
tarily participated in the study. Healthy subjects aged be-
tween 18 and 28 years, with a full active range of motion and
who had no history of skeletal muscle pain were recruited
for the study. The exclusion criteria were: past or present
musculoskeletal or neuromuscular disorders in the lower ex-
tremity, pelvic, and lower back; pregnancy; malignant tu-
mors; and obesity body mass index (BMI) >30 kg/mz. The
study was approved by the Institutional Review Board of the
Sahmyook University (SYUIRB 2-1040781-AB-N-01-
2016110HR) in Seoul.

Procedures

Subjects were randomly allocated to a stable surface
group (SG, n=20) or an unstable surface group (UG, n=20).
SG performed these exercise on the ground and UG put a dy-
namic air cushion (TOGU, Prien-Bachham, Germany) un-
der the feet. The participants assumed three positions at rest,
bridging exercise with knee flexion 60° (BEKS), and bridg-
ing exercise with knee flexion 90° (BEKN) for the measure-
ment of abdominal muscle thickness. For the resting posi-
tion, the participants held the head neutral in a hook-lying
position; the dominant side was measured. For contraction,
the participants performed the bridging exercise with the
knee joint at 60° flexion for 10 seconds, and afterward with
the knee joint flexion 90°.

Muscle thickness measurement was performed with a
Medison Mysono portable ultrasound system (U5; Samsung
Medison, Seoul, Korea). In this study, the portable ultra-

Figure 1. Placement of probe.

Figure 2. Measurement of muscle thickness.
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sound with a 5-MHz curvilinear transducer was used to ob-
tain images [14]. The probe was placed horizontally on the
middle of abdominal region between the 11th costal carti-
lage and the anterior superior iliac crest (Figure 1) [15]. A
coupling gel was applied to contact between the ultrasound
probe and skin surface of the subject. At the end of the con-
traction, the image was captured and saved.

We analyzed the image and calculated measurements of
the abdominal muscle using Sante DICOM Viewer (Santesoft
Ltd., Athens, Greece). The image was measured along a hor-
izontal reference line located 2.5 cm from the edge mus-
cle-fascia junction of TrA. Then the thickness of three mus-
cles layers (EO, 10, TrA) were measured by drawing a verti-
cal line in the horizontal reference line (Figure 2).

Statistical analysis

The data were analyzed by PASW Statistics ver. 18.0
(IBM Co., Armonk, NY, USA). Comparisons of subject’

Table 1. Characteristics of the subjects (N=40)
Parameter SG (n=20) UG (n=20)
Gender (male/female) 9/11 10/10
Age (y) 22.65 (1.87) 22.90 (1.97)
Height (cm) 166.92 (5.98)  168.51 (9.18)
Weight (kg) 60.95(7.87)  59.57 (11.96)
Body mass index (kg/mz) 21.79 (1.67) 20.76 (2.42)
Waist (cm) 78.17 (6.49) 76.84 (9.20)

Values are presented as number only or mean (SD).
SG: stable surface group, UG: unstable surface group.

Table 2. Comparison of baseline muscle thickness (N=40)
Condition SG uG
Musele = m) (n=20) (n=20) )
TrA  Rest 2.55(0.72) 2.46 (0.81) 0.358 (0.722)"
BEKS  3.54(1.25) 3.57(1.52)
BEKN  4.02(1.47) 3.68 (1.60)
10 Rest 7.78 (1.56)  6.78 (2.12)  1.689 (0.099)
BEKS  8.07(2.05) 8.16(2.85)
BEKN 8.65(2.04) 8.05(2.63)
EO  Rest 5.05(1.06) 4.43(1.12) 1.772 (0.084)
BEKS 4.69 (1.35) 3.87(1.07)
BEKN  4.76(1.03) 4.07(1.21)

Values are presented as mean (SD).

SG: stable surface group, UG: unstable surface group, TrA: trans-
versus abdominis, 10: internal oblique, EO: external oblique, BEKS:
bridging exercise with knee flexion 60°, BEKN: bridging exercise
with knee flexion 90°.

*Comparison of baseline muscle thickness in rest condition

general characteristics were performed using the independent
t-test. Rest, BEKS, and BEKN data were analyzed using the
paired t-test to describe within-group differences. The in-
dependent t-test to test differences between the groups. The
statistical significance level was 0.05 for all analyses.

Results
Demographic characteristics

The participants’ characteristics are presented in Table 1.
No significant differences in general characteristics were
observed between the SG and the UG. 40 healthy partic-
ipants (male=19, female=21) with mean age 22.65 and 22.90
years, mean weight 60.95 and 59.57 kg, mean height 166.92
and 168.51 cm, mean BMI 21.79 and 20.76 kg/mz, and waist
circumference 78.17 and 76.84 cm, respectively.

Comparison of abdominal muscles (TrA, 10, EO) thick-
ness

A summary of the results for the change of TrA muscle
thickness is shown in Table 2 and 3. For TrA muscle thick-
ness, within the SG, no significant contraction difference
was observed in both the 60° and 90° conditions. The same
result in the UG was observed. There was no significant con-
traction difference between the surface group and the un-
stable stable surface group at 60° condition. The same result
was obtained at the 90° condition.

The thickness variation of 1O is shown in Table 2 and 3.

Table 3. Comparisons of muscle contraction difference (N=40)

Condition SG uG

Muscle ™ m)  (n=20) (n=20) )
TrA SR 098(1.35  1.10(1.74) 0238 (0.813)
NR  147(2.17)  121(1.82) —0.402 (0.690)

t(p)  1.830(0.083)  0.479 (0.637)
I0 SR 029(2.16) 137 (2.66)  1.416(0.165)
NR  0.87(2.15) 127 (2.08)  0.600 (0.552)

t(p)  2.489 (0.022)" —0.459 (0.652)

EO SR 036(1.07) 0.56 (0.96) —0.620 (0.539)
NR  0.28(1.01) 0.36 (0.78) —0.287 (0.776)
t(p)  0.558(0.583)  1.147 (0.265)

Values are presented as mean (SD).

SG: stable surface group, UG: unstable surface group, TrA: trans-
versus abdominis, 10: internal oblique, EO: external oblique, SR:
contraction difference of rest and bridging exercise with knee flexion
60°, NR: difference in contraction of rest and bridging exercise with
knee flexion 90°.

"p<0.05.
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For the SG, the contraction difference was significantly larg-
er at 90° than at 60°. But for the UG, no significant contrac-
tion difference was shown in both the 60° and 90° condi-
tions. There was no significant difference between groups in
both 60° and 90° conditions. The results of EO are shown in
Table 2 and 3, and are not different from those of TrA.

Discussion

Stabilization of the trunk is necessary to improve the sta-
bility of the spine and pelvis in functional postures and
movements, to strengthen the involved muscles, and to regu-
late and balance muscle and movement [16]. Bridging ex-
ercises for the stabilization of lumbopelvic focuses on re-
training the coordination patterns of muscles between stabi-
lization of local muscles and torque formation of global
muscles [7].

The aim of this study was to measure the muscle architec-
tural parameters of abdominal muscles in healthy indivi-
duals by RUSI and to investigate their changes after bridg-
ing exercise in various environments.

The results of the present study correspond well with
those found in the earlier experimental studies. Lee et al. [8],
reported that the the muscle activity of EO was higher than
that of knee flexion 90° at the knee angle 60° but not
significant. In this study, the contraction difference of EO
was greater at 60° than at 90° but not statistically significant
in both stable and UGs. In a previous study, when the knee
angle was 90° and 60° in the bridging exercise, muscle activ-
ity was higher at 60° than at 90° for all the muscles mea-
sured. However, in gluteus medius, it was higher at 90° than
at 60° [8]. In this study, the contraction difference of TrA was
larger at 90° than at 60°. The contraction difference of 10
was significantly larger at 90° than at 60° in SG. This result
shows that the contraction or activity of the muscles accord-
ing to the angle of the knee during bridging exercise may be
different depending on the muscles.

Czaprowski et al. [3] measured the muscle activity of rec-
tus abdominis (RA), EO, and 10-TrA by surface electro-
myography (EMG) while performing bridging exercises in
various positions. There was no significant difference in
muscle activity between supine bridge on stable surface and
supine bridge on a BOSU; a balance cushion similar to
TOGU. In the present study, there was no statistically sig-
nificant difference in muscle contraction between the stable
and unstable groups, resembling the results in the previous
research.

In this study, although not statistically significant, the
muscle contraction difference in the UG is larger than that of
the SG at the same knee joint angle of I0 and EO at the 60°
knee joint condition of the TrA. In previous studies, the max-
imum voluntary isometric contraction (MVIC) values of the
muscles were measured by EMG when performing normal
bridging exercise (NBE), bridging with ball exercise (BBE),
and bridging with sling exercise (BSE). As a result, %oMVIC
values were significantly higher during BSE than during
BBE and NBE in 10, RA, multifidus, and erector spinae
(ES). Especially in RA and ES, %MVIC values were sig-
nificantly higher during BBE than during NBE [9]. In anoth-
er previous study, normal back bridging (NB), back bridging
using swiss ball (BUB) and back bridging using sling (BUS)
are performed. Activation of TrA during BUB was sig-
nificantly higher than during NB and BUS [1]. These results
are similar to our studies.

The conclusion of this study is that the contraction differ-
ence according to the knee angle is different for each muscle
during bridging exercise. Muscle contraction difference is
generally large when exercised on an unstable surface than
a stable surface, but these are not statistically significant
when bridging exercise is performed using TOGU with an
unstable surface.

This study still has limitations to be discussed about using
ultrasound to assess muscle structure. The EMG application
method according to the change of the bridging posture is
specified in the previous study, but there is no agreement
about the RUSI yet. Finally, the number of subjects was
limited. Future studies will require a larger sample size or
multi-center design with a more specific protocol.
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