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Objective: Patients with low back pain can possibly have impaired core muscle function, which is the common cause of low back
pain. Spinal stabilization exercises are recommended for prevention and reinforcement. This study aimed to compare the effects of
different types of feedback on abdominal and lumbar multifidus (LM) muscle recruitment during spinal stabilization exercises.
Design: Cross-sectional study.

Methods: Fifty-seven healthy subjects (sex=male 21/female 36, age=21.28+1.60 years) were divided into three different groups:
the control group (n=19), the auditory feedback (AF) group (n=19), and the visual and auditory feedback (VAF) group (n=19). The
control group received no feedback, whereas the AF group only received AF during exercises and the VAF group received the AF
and visual feedback through the real-time ultrasound images. The main outcome measure was the assessment of the thickness of
the abdominal muscles and LM measured by a dual ultrasound.

Results: When VAF was applied, the thickness of the transverse abdominis significantly increased rather than when feedback
was not applied or with AF only (p<0.05). The VAF group showed significant differences in both the control group and the AF
group in the post-hoc test (p<0.05), and there was no significant difference between the control group and the AF group.
Conclusions: With spinal stabilization exercises, VAF should be applied in standing posture for healthy adults to further promote
the production of effective contractions.
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Introduction

Core muscles are divided into global and local muscles
[1]. The external oblique (EO) and internal oblique (10),
which are included in the global muscles, produce torque
and transfer the load directly between the thoracic cage and
the pelvis [2]. Local muscles stabilize the lumbar region,
such as the transverse abdominis (TrA) and lumbar multi-
fidus (LM). Particularly, LM controls the spinal segment’s
neutral zone in harmony with the deep abdominal muscles

[3], whereas the TrA supports the spine and controls the
pressure of the abdominal cavity [4]. To maintain proper spi-
nal stability to prevent back pain it is important to contract
these two types of muscles simultaneously [5].

It is possible for patients with low back pain to have im-
paired core muscle function, which is the common cause of
low back pain [6]. The use of spinal stabilization exercises,
which can maintain the balance between the deep abdominal
muscles and the trunk extensors by acting like a corset of the
trunk, is one method to prevent the occurrence and re-
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currence the back pain [7].

One common exercise for spinal stabilization is the ab-
dominal drawing-in maneuver (ADIM) that is used for
strengthening and educating spinal muscles [8]. This ma-
neuver is created to provide the co-activation of the TrA and
LM to stabilize the trunk [9]. Previous studies show that spi-
nal stabilization exercises are carried out in supine, prone,
4-point kneeling, and sitting posture [10,11]. Training in
these postures is effective in patients with acute back pain.
However, training in standing posture is the most effective
for patients with chronic back pain or healthy adults [12,13].
Hence, few studies have been conducted in standing posture.

Ultrasound is a highly reliable equipment used to assess
whether the muscles are contracting well [14]. Also, it is
non-invasive, easy to apply, economical, and can visualize
the contraction of the core muscles to provide an immediate
visual feedback effect [15]. Therefore, it is especially used
as a means of feedback to aid exercise. For those who con-
tract the spinal muscles for the first time or have weakened
spinal muscles and has the advantage of improving motor
control or motor performance, the real-time ultrasound im-
age feedback provides corrective education [16,17]. In addi-
tion, auditory feedback (AF) is an effective external feed-
back technique that is applied by someone else to the subject
through verbal instructions or praise and can enhance the
ability to perform the exercise [18]. According to prior stud-
ies, subjects prefer the application of AF to the application of
visual feedback during exercise [19]. As a way of accurate
exercise learning, the use of ultrasound biofeedback reduced
the number of trials required to perform correct abdominal
hollowing rather than the application of verbal feedback
[20].

The aim of this study was to investigate the effects of visu-
al and auditory feedback (VAF) or AF on abdominal and LM
muscle thickness, as well as to determine if the application
of real-time ultrasound image and AF together will increase
the muscle thickness the most effectively.

Methods
Participants

Fifty-seven healthy subjects (sex=male 21/female 36),
comprised mainly of students from Konyang University in
Daejeon, South Korea, who received sufficient explanation
about the purpose and methods of this study, were recruited.
Exclusion criteria included history of surgery of spine or up-
per body, current musculoskeletal or neurological disorders

affecting upper or lower extremities, back pain within the
last 6 months, past spinal fracture, spinal deformity, history
of skeletal or neuromuscular disease, a skin disease, and sen-
sitive skin that is difficult to measure by ultrasound. After
assigning members as 12 male and 7 female to each group,
the fifty-seven subjects were randomly assigned within each
gender and equally into three groups: the control group, AF
group, and the VAF group. With no significant differences
between the groups, the mean age, height, and weight of the
subjects in each group were as follows: in the control group,
the mean values of the study subject characteristics were
21.26+1.69, 165.10+£7.02 cm, and 61.3249.91 kg, re-
spectively; in the AF group, 21.53+1.71 years, 166.68+
10.52 cm, 62.03+13.83 kg, respectively; and in the VAF
group, the mean values were 21.05+1.43 years, 165.53+8.85
cm, 60.17+10.75 kg, respectively. The study was approved
by the Institutional review board of Konyang University
(IRB No. KYU-2019-248-02). All participants signed the
consent in advance, and the rights of participants were
protected.

Equipment

Ultrasound

Abelt with a 5-8 MHZ dual linear transducer (LV8-5N60-
A2; TELEMED, Vilnius, Lithyania) was used to measure
the thickness of the abdominal and LM muscles and provide
real-time ultrasound image feedback (Figure 1). By passive
adjustment, each transducer could be moved from side to
side. Each of the transducer’s head was secured in a
high-density supporting foam block on both sides to mini-
mize movement between the transducer and the abdomen.

Resistance pole

The resistance pole (Core Stix Fitness System; Core Stix,
Los Angeles, CA, USA) is an exercise device that can apply
many functional multi-joint exercises to everyone and can
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Figure 1. (A) A belt with a dual ultrasound transducer. (B) Wearing
a belt.
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effectively motivate spinal muscle activity even in standing
posture. According to the degree of resistance, the sticks are
classified using colors. The result of the preliminary test
shows that the white stick led both men and women to ex-
ercise in a correct posture. Hence, the experiment was con-
ducted by unifying it with a white stick (Figure 2).

Measurement with ultrasound

The images of the muscles were measured using a wear-
able belt. Wearing a belt and placing each transducer in the
proper position were performed in a comfortable standing
posture to visualize the abdominal muscles and the LM.

The transducer head location was marked at a point 2.5 cm
anterior to the midpoint between the 12th rib and the superi-
or border of the ilium passing through the left mid-axillary
line to measure the left abdominal muscles. The transducer
was placed at that point transversely [21]. The L4 spinous
process was marked with a marker to measure the left LM,
and the transducer was placed longitudinally 2 cm away
from the marking to the left. The transducer was adjusted un-
til the L4-5 zygapophyseal joint was identified at the center
of the screen at this point [22].

At the end of exhalation, ultrasound measurements were
conducted three times in a comfortable, resting standing
posture and were conducted three times in each of the three
different exercise postures. A total of 12 images were ob-
tained for each subject. Subjects took a 30-second break af-
ter every measurement. The target was measured after main-
taining the end posture of the exercise when measuring in an
exercise posture for 3 seconds and it was measured three
times for each posture.

Using the RadiAnt DICOM Viewer 4.6.9 software
(Medixant, Poznan, Poland), the muscle thickness of the ac-

Figure 2. Resistance pole.

quired image was measured. The muscle thickness of the
EO, IO, and TrA was measured vertically at a point 13 mm
away from the endpoint of the TrA [23], and the thickness of
the LM was measured along the line from the L4-5 zyg-
apophyseal joint to the superior border of the LM (Figure 3)
[24]. The measured value was the average value of the three
measurements.

Procedures

The subjects were pre-trained about the ADIM before the
exercises and were performed in a crook-lying posture on a
simple bed. The subjects exercised using the resistance pole
while wearing a wearable belt with ultrasonic transducers.
All the exercises proceeded with two white sticks, which
were fixated on each side vertically. The starting posture of
all exercises were to stand with both feet shoulder-width
apart and to hold the sticks with the elbow joints flexed to
90°. The first exercise was the ‘reverse fly (RF)’. Maintaining
the starting posture, the participants gathered and main-
tained the sticks on both sides in parallel. The second ex-
ercise was the ‘push’. Maintaining the starting posture, the
participants pushed the sticks on both sides forward in
parallel. At this time, they pushed until the elbows were fully
extended to 180° while keeping the body in a straight line.
The third exercise was the ‘pull’. Maintaining the starting
posture, the participants pulled and maintained the sticks on
both sides in parallel. At this time, the examiner put her hand
on the subjects’ back, and the subjects were to pull the sticks
until their arms reached the examiner’s arm keeping their
body in a straight line. By applying one of the following
three different feedback methods, the exercises were con-

Figure 3. (A) Thickness measurements of the abdominal muscles.
(B) Thickness measurements of the lumbar multifidus. EO: ex-
ternal oblique, IO: internal oblique, TrA: transverse abdominis, Z:
zygapophyseal joint.
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ducted together to the assigned group: The control group did
not receive any feedback during exercises; the AF group on-
ly received AF such as ‘do the exercise by pulling the belly’
and ‘maintain the power on the lower abdomen while
breathing’; the VAF group received visual feedback through
the real-time ultrasound images to view for the changes in
the thickness of their abdominal muscles and LM in addition
to the AF.

Statistical analysis

The Shapiro-Wilk test was conducted as a normality test.
One-way analysis of variance was used to compare the
thickness of the EO, IO, TrA, and LM, depending on the type
of feedback. The Tukey test was used as a post hoc test. For
data management and statistical analysis, IBM SPSS
Statistics for Windows, Version 20.0 (IBM Co., Armonk,
NY, USA) was used, and the statistical significance level
was set to 0.05.

Results
Characteristics of subjects

Table 1 shows the general characteristics of the subjects.
During the experiment period, none of the 57 participants
who were recruited had dropped out. Hence, the number of
final participants in the study was equal to the initial number
of subjects, which was 57.

Comparison of the thickness of abdominal muscles and
LM according to the methods of feedback

The thickness of the TrA, EO, IO, and LM in each posture
of the exercises is shown in Table 2 between each group.
There was a significant increase in TrA thickness in the con-
dition with VAF compared with the control or AF in all three
different postures of exercise (RF: 6.35+1.62 mm vs. 5.17+
0.91 mm or 5.26+1.00 mm, p=0.007; pull: 6.63+1.52 mm vs.

Table 1. General characteristics of subjects

5.5240.99 mm or 5.46+1.17 mm, p=0.008; push: 6.55+1.52
mm vs. 5.34£1.22 mm or 5.44+1.17 mm, p=0.010). The
VAF group showed significant differences in both the con-
trol group and the AF group in a post hoc test (p<0.05), and
there was no significant difference between the control
group and the AF group. The thickness of the EO, 10, and
LM had no significant difference between the types of
feedback.

Discussion

This study was conducted to investigate what the effects
on spinal muscle contractions during spinal stabilization ex-
ercise performed by healthy adults in standing posture were
in two cases; when only AF was applied and when only the
VAF was applied.

The result showed that the thickness of the TrA in the
group that applied VAF had increased significantly than the
group that did not apply any feedback and in the group that
applied only AF: RF, p<0.007; pull, p<0.008; push,
2<0.010. When doing the ADIM in the crook-lying position,
one study also showed a significant increase in the thickness
of the TrA in a group that applied visual feedback rather than
in a group that did not apply feedback [16]. The difference in
thickness of the TrA before and after the exercise was
1.19£0.37 mm [16], but in this study, there was a much big-
ger difference: 2.55+0.36 mm at RF, 2.83+£0.26 mm at pull,
and 2.7540.26 mm at push. When doing the ADIM, the
thickness of the TrA increased significantly in the standing
posture than in the crook-lying posture [25]. As such, this
study was conducted in standing posture, and there was also
AF and stick resistance, and therefore it is believed that there
was a greater increase in the thickness of the TrA than other
studies that conducted ADIM in the crook-lying posture.
Hence, it will be necessary to conduct spinal stabilization
exercises while applying VAF in standing posture to pro-

(N=57)

VAF group (n=19) F/Z(p)

Characteristic Control (n=19) AF group (n=19)
Sex (female/male) 12/7 12/7
Age (y) 21.26 (1.69) 21.53 (1.71)
Height (cm) 165.10 (7.02) 166.68 (10.52)
Weight (kg) 61.32(9.91) 62.03 (13.83)
BMI (kg/m’) 22.50 (1.45) 22.33 (1.66)

12/7
21.05 (1.43)

165.53 (8.85)
60.17 (10.75)
21.96 (0.95)

<0.000 (1.000)
0.409 (0.666)/21.28 (1.60)
0.160 (0.853)/165.77 (8.78)
0.124 (0.884)/61.17 (11.43)
0.222 (0.802)/22.26 (1.33)

Values are presented as number only or mean (SD).

Control: control group, AF: auditory feedback, VAF: visual and auditory feedback, BMI: body mass index.
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Table 2. Comparison of the thickness of abdominal muscles and LM according to the methods of feedback during core

stabilization exercise in standing posture (unit: mm) (N=57)
Characteristic Control (n=19) AF group (n=19) VAF group (n=19) F ()

TrA
Resting 3.93 (1.05) 4.09 (0.93) 3.8(1.26) 0.341 (0.713)
RF 5.17(0.91) 5.26 (1.00) 6.35 (1.62)" 5.481 (0.007)
Pull 5.52(0.99) 5.46 (1.17) 6.63 (1.52)™ 5.360 (0.008)
Push 5.34(1.22) 5.44(1.17) 6.55 (1.52)™ 4.988 (0.010)
F (p) 0.517 (0.599) 0.190 (0.828) 0.174 (0.841)

EO
Resting 7.21 (2.05) 7.84 (2.50) 7.68 (2.38) 0.192 (0.826)
RF 4.60 (1.25) 4.64 (1.92) 4.77 (1.36) 0.067 (0.935)
Pull 4.13 (1.39) 4.56 (1.91) 4.40(1.27) 0.370 (0.693)
Push 4.60 (1.31) 4.80 (2.02) 4.66 (1.18) 0.085 (0.918)
F (p) 0.781 (0.463) 0.074 (0.928) 0.439 (0.647)

10
Resting 7.21 (2.05) 7.84(2.51) 7.68 (2.38) 0.375 (0.689)
RF 9.34 (3.00) 10.88 (4.21) 10.68 (3.81) 0.970 (0.386)
Pull 10.37 (3.17) 11.33 (3.88) 10.98 (4.16) 0.312 (0.734)
Push 9.66 (3.29) 10.66 (4.00) 10.98 (3.60) 0.683 (0.510)
F (p) 0.537 (0.588) 0.136 (0.873) 0.038 (0.963)

LM
Resting 28.99 (1.52) 28.80 (5.35) 27.10 (6.06) 0.565 (0.571)
RF 29.26 (6.45) 29.23 (6.83) 26.47 (5.36) 1.253 (0.294)
Pull 29.46 (7.08) 29.25 (6.30) 26.94 (4.75) 0.992 (0.377)
Push 31.36 (6.55) 31.00 (7.27) 28.02 (5.71) 10.491 (0.234)
F (p) 0.571 (0.568) 0.418 (0.661) 0.431 (0.652)

Values are presented as mean (SD).

LM: lumbar multifidus, Control: control group, AF: auditory feedback, VAF: visual and auditory feedback, TrA: transverse abdominis, RF:

reverse fly, EO: external oblique, IO: internal oblique.

*Significant difference in comparison with control (p<0.05), bSigniﬁcant difference in comparison with AF (p<0.05).

duce more effective TrA contractions in healthy adults.

The thickness of the EO did not vary significantly in all
three postures following the two types of feedback. Other
prior studies comparing the pre-post muscle thickness in a
group that applied real-time ultrasound image feedback with
another group that did not apply any feedback in the supine
posture did not show significant differences [26,27]. There
was also no significant difference in the study that compared
the muscle thickness before and after exercise of the two
groups that apply AF or not in a 4-point kneeling posture
[27]. As such, the change in thickness of the EO caused by
the feedback showed similar results as previous studies.

The thickness of the IO did not vary significantly in all
three postures depending on the two types of feedback. This
is consistent with several prior studies [16,27], and because
the amount of change in thickness are smaller in the standing
posture than in supine during the ADIM, it is considered that
it showed little difference [25].

The thickness of the LM also did not show significant dif-
ferences in all types of feedback. When performing repeti-
tive training through visual image feedback, one study
measured the changes in muscle thickness, with a significant
increase in muscle thickness [28]. While the study involved
multiple repetitive training, this study performed only three
measurements. Therefore, it is considered to show different
results. In addition, another study that compared the thick-
ness of the LM in the prone posture and the standing posture
respectively showed significant changes in the prone pos-
ture, but little changes in the standing posture [29]. Because
the LM is in a state of more contraction in the standing pos-
ture than in the lying or sitting postures, it is thought that
there would have been no major changes in contraction [30].

Therefore, a single transducer is applied several times, or
the two transducers are applied simultaneously, to compare
the left and right thickness of the same muscles or the thick-
ness of the two different muscles in the same exercise [31].
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However, because the subject cannot perform a perfectly
equal amount of exercise at every time, these methods may
lead to inaccuracy of the results [32]. The dual transducer
that was used in this study could measure an equal amount of
exercise perfectly at every time with simultaneous measure-
ment of the thickness of multiple muscles and also show the
subjects two screens simultaneously in real-time and keep
the transducers in the same position by the self-produced
belt.

Applying AF by the side of the subject when he or she per-
forms spinal stabilization exercises with visual feedback
may lead to more effective contraction of the TrA than sim-
ply explaining how to perform or applying visual feedbacks
without any verbal instructions in clinical settings based on
the results of this study.

The additional limitations are as follows: First, subjects
for this study were recruited in the limited area of healthy
adults in their 20s and were measured only once, making it
difficult to generalize the results of this study for all ages and
other patients with chronic back pain, and it is difficult to
know the effect of long-term training. Second, the resistance
pole exercise was applied to both male and female with the
white stick uniformly. They may have felt the degree of re-
sistance differently depending on the individual differences.
Therefore, future research would require the inclusions of
people of various ages, patients with chronic back pain, or
long-term intervention studies. It would also require apply-
ing colors to the sticks of the resistance pole separately ac-
cording to the sex or degree of resistance of the subject.

In conclusion, the thickness of the TrA increased sig-
nificantly when real-time ultrasound image feedback and
AF were applied together than without feedback or with AF
only based on the results of this study. The thickness of the
EO, 10, and LM had no significant difference between the
types of feedback. Hence, it is considered that VAF should
be applied together with spinal stabilization exercises per-
formed in a standing posture to healthy adults to produce
more effective TrA muscle contractions.
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