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ABSTRACT

Objectives: The purpose of this study was to compare transversus abdominis muscle thickness and
exercise performance before and after foam roller exercise (FRex).

Methods: This was a randomized controlled trial (RCT). Twenty-four adult female subjects were ran-
domly divided into two groups: (1) an intervention group that underwent FRex, and (2) a control
group that remained in the supine position for the same period. Transversus abdominis muscle thick-
ness, modified Star Excursion Balance Test (mSEBT) score, and degree of back pain experienced dur-
ing daily work were measured before and after the intervention in each group using a visual analog
scale (VAS), and a within-group comparison was conducted for each value. The amount of change
before and after the intervention was calculated, and the correlation between each measurement
item was examined.

Results: Pre-intervention and post-intervention comparisons in the intervention group revealed sig-
nificantly greater values for transversus abdominis lower fiber thickness and mSEBT scores, and sig-
nificantly lower values for low back pain after the intervention. A moderate negative correlation was
found between changes in lower back pain VAS scores and changes in transversus abdominis lower
fiber thickness and mSEBT scores. Moreover, a moderate positive correlation was noted between
changes in the transversus abdominis lower fiber thickness and mSEBT scores.

Conclusions: These results suggest that FRex may be beneficial for preventing low back pain and
improving balance.

INTRODUCTION

Foam rollers (FR) are used for various purposes includ-
ing conditioning in sports, rehabilitation in hospitals, and
health promotion for the general public. The main purposes
of FR are to strengthen core stability (core conditioning) and
improve posture [1]. It has various beneficial effects, includ-
ing expansion of the range of motion (ROM) of the hip joint
[2], increase in the ROM of the thorax [1], increase in the
flexibility of the hamstring muscles [3], reduction of back
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pain [3], and alleviation of spinal erector muscle issues [4],
as well as subjective effects, such as a lighter feeling (individ-
uals’ comment “I feel lighter”) [3]. Although there are some
reports mentioned above, there are insufficient reports on
the verification of these effects.

Additionally, the effects of core training have been re-
ported in numerous cases, especially for nonspecific low
back pain, and there are reports that core training is effec-
tive for improving pain disorders, improving static and dy-
namic standing balance [5], relieving pain, improving the
fatigue tolerance of core muscles, and improving the func-
tion of bilateral multifidus muscles in nurses with nonspe-
cific low back pain (NSLBP) [6]. The main purpose of core
training is to activate deep trunk muscle contraction and
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relieve tension in the surrounding large muscles. Among the
deep trunk muscles, improving the function of the transver-
sus abdominis is important [7]. The transversus abdominis
muscle, together with the deep fibers of the lumbar multifi-
dus muscle, pelvic floor muscle group, and diaphragm, are
believed to be involved in increasing the abdominal pressure
as a single unit [8]. A delay in the onset of contraction of the
transversus abdominis muscle is hypothesized to indicate a
defect in motor control and can result in inefficient muscle
stabilization of the spine [9]. Furthermore, core stabilization
exercises have been reported to improve the rate of change
in the transversus abdominis muscle thickness in patients
with sub-acute NSLBP [10]. In addition to its effects on low-
er back pain, Mohamed et al. [11] reported that training of
deep trunk muscles, including the transversus abdominis
muscle, improved neuromuscular control, which is the abil-
ity to control muscle contractions in response to movement
and the environment, and significantly improved the find-
ings of the star excursion balance test (SEBT), a measure of
dynamic balance.

Various evaluations of deep trunk and core muscles have
been reported. Recently, diagnostic ultrasound systems
have been used to evaluate the transversus abdominis mus-
cle, and have been shown to have high reliability [12-15].
Based on imaging findings, there are various reports that the
thickness and stiffness of the transversus abdominis, thora-
columbar fascia, and multifidus muscles differ between pa-
tients with low back pain and healthy subjects [16]. There
are also reports on the relationship between improvement in
low back pain and changes in transversus abdominis mus-
cle thickness [10,11]. Although evaluating dynamic changes
is difficult, it is considered a useful approach for capturing
structural changes.

As mentioned above, various effects of core training have
been reported; however, few studies have verified the useful-
ness of techniques involving the use of foam rollers. Hayashi
etal. [3] reported the effectiveness of core training for reduc-
ing back pain among hospital staff; however, the focus was
solely on improving the flexibility of the lower limbs, and the

effectiveness of core training as a core training method was
unclear. It would be useful to verify whether an improve-
ment in core stability contributes to a reduction in low back
pain and trunk stability when considering the adaptation of
this exercise approach.

The purpose of this study was to compare changes in
transversus abdominis muscle thickness and standing bal-
ance before and after foam roller exercise (FRex) in adults
with NSLBP and to investigate the usefulness of this exercise
for preventing low back pain.

METHODS
Research design

This was a randomized controlled trial (RCT). The subjects
were randomly divided into two groups: (1) an interven-
tion group that performed FRex, and (2) a control group
that spent the same time in the supine position. The partic-
ipants were asked about their degree of back pain. Moreo-
ver, transversus abdominis muscle thickness was measured,
and standing balance was evaluated using the modified Star
Excursion Balance Test [mSEBT]). The two groups were
compared before and after the intervention twice weekly for
three months (Figure 1). The amount of change before and
after the intervention was calculated and the correlation be-
tween each measurement item was examined.

The participants were randomized using a lottery. To
compensate for the disadvantage of no intervention, the
same intervention as the control group was conducted after
this study with their explanation and consent.

Ethical considerations

The study was conducted in accordance with the principles
of the Declaration of Helsinki. The study’s aim and meas-
urement details (purpose, objectives, and methods) were
explained to the subjects orally and in writing in advance,

Intervention Group ; Assessments
(n=14)
1. Back pain (VAS)
2. TrA thickness
s G 3. mSEBT
ontrol Group
(n=10)
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1. Back pain (VAS)
2. TrA thickness
3. mSEBT

Figure 1. Study Protocol
Abbreviations: VAS, visual analogue scale score; TrA, transversus abdominis muscle;
mSEBT, modified star excursion balance test; FRex, form roller exercises.
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and they were free to decide whether to participate in the
study. Measurements were obtained after obtaining written
informed consent. For the abdominal ultrasound examina-
tions of female subjects, care was taken to ensure that the
measurements were performed by a female examiner in an
enclosed and privately protected environment.

Subjects

The study included 24 adult women (mean age, 24.5 + 2.71
years) with chronic low back pain. Individuals with specific
(disease-named) low back pain and other diseases affecting
the measurements were excluded.

Basic information and back pain

Basic information, including sex, age, height, weight, and ex-
ercise habits (sports and frequency), was obtained through
interviews.

To evaluate usual back pain, the degree of back pain ex-
perienced during the past one week was assessed using the
visual analog scale (VAS). The average value of the 1-week
monitoring was evaluated as the degree of back pain at that
time, with 0 indicating “no pain at all” and 100 indicating
“too painful to do anything”

Transversus abdominis muscle thickness

Based on previous studies, the measurement sites were set
as follows. The measurement limb was in the supine rest-
ing position with the knee joint flexed to 90°. Transversus
abdominis muscle thickness was measured before and after
the intervention in the supine position on a bed. The meas-
urement site was 2.5 cm medial to the right anterior axillary
line on the horizontal line between the upper umbilicus and
the floor, and 2.5 cm medial to the superior anterior iliac
spine as the middle and lower fibers (Figure 2). During the
measurement, the subject was instructed to breathe natural-
ly, such that there was no breath-holding during the task.
The probe was placed perpendicular to the measurement
site and a static image was recorded after the examiner de-
termined the final stage of expiration, when the subject’s
rib cage and anterior abdominal wall were fully lowered.
Measurements were performed twice, and the average value
was recorded as the measured value. Muscle thickness was
measured using an ultrasound system (Konica Minolta, Inc.
Sonimage MX1, Tokyo, Japan), and the examination was
conducted by the same person who practiced the measure-
ments sufficiently.

Modified Star Excursion Balance (MSEB)

The MSEB test was performed to evaluate the dynamic bal-
ance by referring to the method described by Hertel et al.
[17,18]. The subject stood on one leg, such that the center of
the sole of the foot was at the center of a sheet marked every
1 cm on a line extending in three directions (anterior, pos-

terior medial, and posterior lateral) and kept the supporting
sole from leaving the sheet. Both hands were placed on the
lower back. The subjects were asked to reach as far as possi-
ble in three directions from the side of the swinging leg and
touch the apex of the foot; the maximum reach distance that
could be achieved was measured. The test was invalidated
if the subject failed to return to the starting position, if the
foot apex left the sheet during the reach, or if the subject
used a recoil on the side of the reach. The maximum value
was divided by the spinal malleollar distance (the distance
from the most prominent part of the superior anterior iliac
spine to the most prominent part of the medial phalanx) to
obtain the reach rate (%). The reach rate in each direction
was summed as the mSEBT score, and the average value of
the left and right sides was extracted as the value to be com-
pared for each subject.

Intervention

The FR used in this study was a stretching cushion PRO
(Lindsports Corp., Osaka, Japan; diameter, 15 cm; length, 98
cm; material: polyvinyl chloride cover and an ethylene vinyl
acetate copolymer core).

The FRex program, which was performed by the inter-
vention group, was established by referring to programs in
the literature [1]. The basic posture in the FR supine position
was with both legs hip-width apart and in a relaxed knee
flexion position, with the upper limbs in a slightly abducted
position and the forearms in an abducted position on the
floor. After moving the upper limbs in a circular motion
with the back of the hands, a scapular complex exercise was
performed with the upper limbs at 90° shoulder flexion and

1) Middle fibers
2.5cm inner

- o
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1) Middle fibers 2) Lower fibers

Figure 2. Site of measurement on ultrasound system
1) 2.5 cm medial to the right anterior axillary line on the horizontal line
between the upper umbilicus and the floor.
2) 2.5 cm medial to the superior anterior iliac spine
Abbreviation: ASIS, anterior superior iliac spine.
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Table 1. Basic information on the subjects

Variables ?rllt:ef Z)ention group gl():nlté())l group P-value
Age (years) 243+2.6 249 +3.1 0.60
Height (cm) 159.9 + 3.8 159.5+ 3.4 0.82
Weight (kg) 527 £3.2 514449 0.43
BMI (kg/m?) 20.6 £1.2 202+1.6 0.44
All variables were presented as mean + standard deviation.
Abbreviation: BMI, body mass index.
Table 2. Results of each evaluation item
Intervention group (n = 14) Control group (n = 10)
Variables Before After p-value ES Before After p-value  ES
Back pain (VAS) 51.1 £20.7 32.7+19.6 0.03* 0.91 43.3+14.9 47.4+19.1 0.27 0.24
TrA Thickness (mm)
Middle 3.0+0.98 3.1+0.86 0.13 0.14 3.5+0.82 3.5+0.90 1.00 0.06
Lower 3.5+0.80 4.0+0.74 0.01* 0.63 3.9+0.73 3.8+0.80 0.50 0.28
mSEBT (score) 259.3 £13.9 272.5+12.6 <0.001* 1.00 265.7 £26.9 263.2 +24.6 0.85 0.10

All variables were presented as mean * standard deviation, *p<0.05, ES: effect size (Cohen’s d).
Abbreviation: VAS, visual analogue scale score; TrA, transversus abdominis muscle; mSEBT, modified star excursion balance test.

Table 3. Correlation coefficient (R) of changes in each mea-
sured item

TrA middle TrA lower mSEBT

VAS 0.061 -0.356 -0.513
TrA middle -0.200 0.230
TrA lower 0.446

Abbreviations: VAS, visual analogue scale score; TrA, transversus
abdominis muscle; mSEBT, modified star excursion balance test

a hip joint internal/external rotation exercise was performed
with the hip joint in extension and the heel as the pivot point.
The subject again assumed the basic posture, contracted the
abdominal muscles in the final range of forced expiration,
and performed two sets of exercises to hold the abdominal
muscles for 30 s with natural breathing. The following exer-
cises were performed with conscious contraction of the ab-
dominal muscle groups to improve trunk stability: (1) body
axis rotation exercises, in which the upper limbs and trunk
were rotated slightly to the right and left with both palms in
90° shoulder flexion; (2) upper limb exercises, in which the
shoulder joints were flexed 90° alternately on both sides or
simultaneously on both sides; and (3) exercises, in which the
lower limbs were alternately flexed 90° with one leg off the
floor and the hip and knee joints bent to 90°.

Except for the breathing exercises, the exercise program
consisted of 10 sessions of 10 min each, and the intervention
group continued to perform the exercises twice a week for 3
months. Prior to the intervention, the subjects were present-
ed with photographs of the exercises and the examiner pro-
vided verbal explanations of the exercises. We checked and
guided the content of the program before the intervention

and once a month, for a total of three times.
Analysis methods and statistical processing

Since normality was confirmed for all data in the meas-
urement results of this study (Kolmogorov-Smirnov test),
p-values and effect sizes (Cohen’s d) were calculated for each
group by performing a paired t-test as a within-group com-
parison of preintervention and postintervention values. For
all participants, the amount of change before and after the
intervention was calculated for each measurement item, and
Pearson’s correlation coefficient test was conducted to calcu-
late the correlation coefficient for each item. The significance
level was set at 5% (p value <0.05). All statistical analyses
were performed using IBM SPSS Ver. 29 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

Table 1 shows the basic information of the participants. No
significant differences were found between the intervention
and control groups (Table 1).

Table 2 presents the results of the within-group compar-
isons. The intervention group showed a significant decrease
in lower back pain, a significant increase in transversus ab-
dominis lower fiber thickness, and a significant increase in
the mSEBT score, whereas the control group showed no sig-
nificant differences in any of the items (Table 2).

Table 3 presents the correlation results. A moderate neg-
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ative correlation was noted between changes in back pain
VAS scores, changes in transversus abdominis lower fiber
thickness, and mSEBT scores. Moreover, a moderate posi-
tive correlation was noted between changes in the transver-
sus abdominis lower fiber thickness and mSEBT scores.

DISCUSSION

In this study, changes in muscle thickness were compared
before and after the intervention in the resting back supine
position, and it was found that only the lower fibers signif-
icantly increased in thickness after FRex. The transversus
abdominis muscle is divided into upper, middle, and lower
fibers based on the anatomical differences in the running
of the muscle fibers. The middle and lower fibers play im-
portant roles in abdominal pressure regulation and antici-
patory postural control, with the middle muscle involved in
lumbar spine stability via thoracolumbar fascia tension and
the lower muscle involved in sacroiliac joint stability [19].
As this study focused on the effect of improving low back
pain through the improvement of the stabilizing function
of the lumbar spine, we measured the muscle thicknesses of
the middle and lower fibers with the expectation that they
would change; however, there was a significant increase only
in the lower fiber thickness. This indicates that the effect of
contraction of the transversus abdominis lower fibers per-
sisted after FRex intervention, and the difference in effect
by site was thought to be influenced by the content of FRex
implementation. Since pelvic stability is necessary to exer-
cise the lower limbs in an unstable form, it was considered
that the lower fibers were more likely to be active for this
purpose.

Patients with low back pain have been reported to ex-
hibit a lower transversus abdominis muscle thickness [16].
Moreover, patients with low back pain experience delayed
and decreased activity of the transversus abdominis muscle
during movement compared to healthy subjects in all direc-
tions of limb movement. These findings suggest that reduced
transversus abdominis muscle thickness may be a factor in
excessive activity of the superficial muscles and the internal
and external oblique abdominal muscles, and in low back
pain caused by trunk instability. Among the subjects in this
study, the transversus abdominis muscle thickness was sim-
ilar to that reported previously in patients with lower back
pain (3-4 mm); however, it is not certain whether it was
actually lower because the subjects who did not have lower
back pain were not compared in this study. However, exer-
cise therapy focusing on deep trunk muscles was performed
for 3 months in patients with chronic low back pain, and
the transversus abdominis muscle thickness significantly in-
creased by about 0.4 mm [20], thereby reducing low back
pain. In the intervention group of this study, the change in
the transversus abdominis lower fiber thickness before and
after the intervention was approximately 0.5 mm, suggesting
that FRex has a significant effect on increasing activity in the
transversus abdominis muscle and may help prevent disabil-

ity by stabilizing the trunk.

Although there is an association between the transversus
abdominis muscle thickness and muscle activity in weak
contractions below 20% maximum voluntary contraction
(MVC), this association decreases in contractions above 20%
MVC, and a low-impact stimulus is considered suitable [21].
In FRex, the transversus abdominis muscle is not forced to
undergo strong muscle contractions to ensure core stability
of the trunk. Thus, it is thought to be useful as a training
approach for this purpose. However, the actual amount of
muscle activity on a stretch pole remains a matter of estima-
tion. Therefore, the actual amount of muscle activity when
using a foam roller remains a matter of debate. However,
FRex is effective in stimulating unconscious contractions.
Compared with sitting and standing, which are antigravi-
ty positions, this approach is effective from the viewpoint
of safety because the patient is kept in the supine position,
which is less likely to cause compensatory movements, such
as a pain avoidance posture.

The SEBT scores improved after FRex, and the lower limb
reach distance increased during standing compared to those
in the control group. The transversus abdominis plays an
important role in the regulation of abdominal pressure re-
lated to thoracolumbar and pelvic stability and anticipatory
postural control related to extremity mobility [9]. Moreover,
Mohamed et al. [11] showed that deep trunk muscle training
improves neuromuscular control and dynamic balance [2].
It has also been reported that FRex increases the ROM of the
hip joint, and pelvic girdle stability is thought to contribute
to this mechanism. In this study, the increased activity of
the transversus abdominis lower fibers may have increased
the pelvic stability, including that of the sacroiliac joint and
expanded the dynamic stability and mobility of the lower
limbs, resulting in improved SEBT scores.

Strengths and Limitations

In this study, the effect of FRex on the reduction of low
back pain was examined and discussed from the viewpoint
of changes in the transversus abdominis muscle thickness.
Other factors have also been reported, including left-right
differences in erector spinae muscle hardness [4], relaxation
of general muscle tension resulting from an expanded ROM
of the thorax [1], and improvement of lower limb muscle ex-
tensibility [3]. Both muscle thickness and response speed are
important [9]. Although the present intervention produced
meaningful results in terms of low back pain reduction and
improved standing balance, it was not possible to determine
which aspects of the intervention were effective in reducing
back pain. Although we did not ask the subjects about their
subjective impressions or changes in their daily lives, the re-
sult that their standing position improved suggests that their
daily activities might have also improved, and the positive
effects on their back pain might improve their well-being
not only at work but also in daily life. Further analyses of
other factors should be conducted in the future.

In this study, FRex was the total menu, with all exercises
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as a set. However, it is important to examine the effects of
each exercise in detail, and no previous studies have indi-
vidually examined the effects of exercises on a foam roller.
Therefore, it is important to examine each exercise individ-
ually to make it more meaningful. Possible directions for fu-
ture research are based on the results of this study, such as
investigating the long-term effects of FRex and comparing
the effectiveness of FRex to other interventions.

CONCLUSIONS

The effects of the foam roller exercise on transversus ab-
dominis muscle thickness, standing balance ability, and low
back pain were examined in 24 adult female subjects. The
results showed significant improvements in lower transver-
sus abdominis muscle thickness, the modified Star Excur-
sion Balance Test, and lower back pain before and after the
intervention.
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