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Abstract:
Background:
Core muscle activation is an effective intervention for the management of Low Back Pain (LBP). This study developed new feedback for detecting
activation of the transversus abdominis muscle in the lumbar spine. The purpose of this study was to examine the validity and reliability of the
feedback device for transversus abdominis muscle contraction.
Methods:
The participants in this study were 20 healthy males and females (aged 24.1 ± 6.8 years). The feedback sensor was attached to the lumbar support
at the front of the trunk. The participants performed an abdominal drawing-in maneuver in order to activate the transversus abdominis muscle, and
values from the feedback sensor were collected at the same time. Ultrasound imaging of the transversus abdominis muscle was also collected
simultaneously. The feedback sensor collected values at different clinical levels of the pressure biofeedback unit at 64, 66, 68, and 70 mmHg. The
protocol was repeated with a 24-hr interval. Intra-class correlation coefficient, coefficient of variation and standard error of measurements were
used to examine reliability. The validity of the values obtained from the relationship between the feedback sensor and transversus abdominis
muscle thickness was analyzed using Pearson’s correlation coefficients.
Results:
Test–retest reliability of the feedback sensor was excellent (ICC = 0.946, CV = 2.6%, SEMs = 0.54%). Values of the feedback sensor reported a
significantly moderate correlation with the gold standard ultrasound measurement (r = - 0.514, p < 0.001).
Conclusion:
The feedback device demonstrated potential reliability and validity for clinical use by indicating activation of the transversus abdominis muscle.
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1. INTRODUCTION
The Transversus Abdominis (TrA) muscle has been considered an important component of lumbopelvic stability [1, 2].
Previous studies [1, 3 - 5] demonstrated that the TrA was
activated prior to limb movement, and its automatic contraction
occurred during postural changes, which increased spinal stabi* Address correspondence to these authors at the Department of Physical
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lity in asymptomatic individuals. Adults with Low Back Pain
(LBP) showed a delayed contraction of the TrA during limb
movement and less activation of it while performing postural
changes [5]. The presence of LBP suggested an impaired
neuromuscular system for controlling and protecting the spine
[6]. Therefore, TrA muscle training is suitable for preventing
and managing LBP.
Core stability exercise is an effective intervention for
reducing pain and recurrence in LBP patients [7, 8]. Abdominal Drawing in Maneuver (ADIM) is a technique that pro-
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motes co-contraction of the TrA and lumbar multifidus muscle
[9]. It was proved that activation of the TrA muscle increased
the stability of the spine, due to improved motor control,
increased abdominal pressure and tightened thoracolumbar
fascia [10 - 12]. LBP patients, who were prescribed core
stability exercise, demonstrated improvement of pain and disability associated with their condition [13, 14].
There are various feedback methods used to indicate TrA
activation in research and clinical settings such as Electromyography (EMG), ultrasonography, Pressure Biofeedback
Unit (PBU) and palpation [15 - 18]. EMG is an invasive
method that is limited in its adoption [19]. Lee and colleagues
[15] compared the effectiveness of three feedback methods (i.e.
ultrasonography, PBU, and palpation) for contracting the TrA
muscle and found that using visual feedback was more
effective than only palpation. However, there was a limitation
in using visual feedback methods while performing functional
tasks or during activity of daily living. Therefore, clinicians
need an affordable, reliable, and valid alternative tool to deal
with TrA activation during functional positions. This study
intended to develop a sensor tool for the detection and feedback of core muscle activation while wearing lumbar support,
which is portable and easy to use. However, this new device
needed to be proven for its reliability and validity.
Therefore, the purpose of this study was to determine the
validity and reliability of a Feedback Sensor (FS) device for
detecting TrA muscle contraction using real-time ultrasound
imaging as a gold standard comparative tool.
2. MATERIALS AND METHODS
The protocol was approved by the Institutional Ethics
Com-mittee according to the Declaration of Helsinki
principles. All participants gave written informed consent
before the study began.
2.1. Participants
Twenty healthy male and female subjects (aged 24.1 ± 6.8
years; 7 males, 13 females, height 164.5 ± 9.1 cm. and weight
64.2 ± 8 kg.) participated in this study. They were recruited
from the university and areas of the community from December 2017 to January 2018. Those with a history of LBP
during the previous three months, lumbar surgery, pregnancy,
neuromuscular or joint disease or neurological conditions affecting the trunk were excluded.
2.2. Development of the Feedback Sensor (FS) Unit
The FS unit was designed and developed using a pressure
sensor. Once built, it was attached to the inner site of the
lumbar support. Decreased value of FS pressure was interpreted as increased activation of the TrA.
2.3. Procedure
All of the participants were instructed to perform the
ADIM using the PBU (Chattanooga Group Inc., USA) as a
feedback tool.
The FS was applied at the front of the TrA muscle [1 inch
above the Anterior Superior Iliac Spine (ASIS) and 4 inches
lateral to the umbilicus], but underneath the lumbar support.
One PBU was placed centrally between the umbilicus and the
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lumbar support and another between the lumbopelvic region
(upper border at the L2 level) and lumbar support. The lumbar
support was worn firmly, and the PBU at the front was pumped
to 70 mmHg, and that at the back to 40 mmHg. The participants were positioned standing upright, with the trunk
stabilized by the wall. They achieved core muscle activation in
the functional standing position by performing the ADIM at
various levels of pressure (i.e., 70, 68, 66, and 64 mmHg,
consecutively). Pressure of the PBU at the back was maintained at 40 mmHg for controlling the neutral spinal position.
Values from the FS and images of the TrA muscle were
collected simultaneously while the ADIM was performed at
each level. Decreased sensor values indicated the amount of
TrA muscle activation. The participants were allowed to rest
for 1 minute between each trial. Each level of pressure and the
image were collected three times. The average value was
calculated. The participants were also scheduled for two
sessions of reliability study with a 24-hour interval between
them.
2.4. Outcome Measurements
Real-time ultrasound imaging was used to investigate the
amount of TrA muscle contraction during various levels of
ADIM performed against the force production from the FS
attached to the lumbar support. The ultrasound scanner
(Toshiba, Famio 8, SSA-530A) in B-mode, with a 5-MHz curvilinear transducer, was used to assess TrA muscle thickness.
The participants were positioned standing in an upright position. Ultrasonic gel was applied between the transducer and
skin. The transducer was placed in the transverse plane at a
point 2.5 cm anteromedial to the midpoint between the lower
rib and iliac crest on the mid-axillary line [19]. The image was
captured at the end of exhalation. After that, muscle thickness
was measured during TrA activation at each pressure level of
the PBU. Thickness of the TrA was measured randomly on
both sides. Images and measurements of the TrA were obtained
using NIH (Bethesda, MD) Image J software (V 1.8). The
mean thickness of three measurements on each side was
calculated.
2.5. Statistical Analysis
The test-retest reliability of force production was determined using Intra-Class Correlation Coefficients (ICCs). Coefficient of Variation (CV) and Standard Error of
Measurements (SEMs) were also included for determining
variability of measurements. The measurements were
determined as accep-tably reliable if the ICC value was greater
than 0.85, CV was less than 15%, and SEMs were less than 5%
[20, 21]. The validity of the values obtained from the
relationship between the FS and TrA thickness was analyzed
using Pearson’s co-rrelation coefficients. Statistical analysis
was performed using the Statistical Package for the Social
Sciences (SPSS).
3. RESULTS
Table 1 shows the ICCs, CV and SEMs for all measurements. The FS and measurement of TrA thickness were considered as being acceptably reliable (i.e. ICC > 0.9, CV < 10%,
SEMs < 5%).
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Table 1. The test – retest reliability results of the feedback sensor device and the real time ultrasound imaging of TrA
thickness.
Measurements

ICC

%CV

SEMs

Feedback Sensor

0.946

2.6

2.47 (0.54%)

TrA thickness

0.931

8.05

0.104 (2.09%)

ICC: Intraclass Correlation Coefficients; CV: Coefficient of Variation; SEMs: Standard Error of Measurements

Table 2. Correlation between feedback sensor device and the thickness of transversus abdominis muscle.
Measurements

Pearson’s Correlation Coefficient (r)

P values

PBU vs Feedback Sensor device

0.657

< 0.001

PBU vs TrA thickness

- 0.793

< 0.001

Feedback Sensor device vs TrA thickness

- 0.514

< 0.001

Fig. (1). Relationship between levels of the PBU and FS device.

Results of FS validity for activating the TrA muscle are
presented in Table 2. There was a significant correlation (moderately positive) between the PBU and FS (r = 0.657, p <
0.001). Value of the FS at each level of the PBU is shown in
Fig. (1). There was a strong negative correlation between the
PBU and TrA thickness (r = - 0.793, p < 0.001). Thickness of
the TrA at each level of the PBU is shown in Fig. (2). There
was a significant correlation (moderately negative) between the
FS and TrA thickness (r = - 0.514, p < 0.001). The correlation
between the FS and TrA thickness is shown in Fig. (3).
4. DISCUSSION

test–retest reliability of the device. This study found excellent
reliability of the FS and measurement of the TrA thickness
using ultrasound imaging in a standing position (ICC = 0.946
and 0.931, respectively). This suggested that the FS and
measurement method of TrA thickness in this study were
reliable methods. Previous studies [9, 22] also found very high
reliability in ultrasound measurement of the TrA muscle (ICC
> 0.9) in supine position. The high Intra-Class Correlation of
TrA thickness consistency in an upright position correlated
with the result in this study of that in a standing position (ICC
> 0.9) [23].

The purpose of this study was to evaluate the reliability
and validity of the feedback device compared with the ultrasound imaging for activating the TrA muscle, and report

A significant (moderate) relationship was found between
the FS and thickness of the TrA. Utilizing the FS in this study
could be considered in order to give information of TrA activa-
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Fig. (2). Relationship between levels of the PBU and thickness of the TrA muscle.

Fig. (3). Relationship between the FS device and thickness of the TrA muscle.
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tion during the performance of ADIM in a functional upright
position. The negative relationship between the FS and TrA
thickness was as expected. The FS was put between the lumbar
support and abdominal muscles. When performing the ADIM,
the pressure values from the FS and PBU, which were located
between the lumbar support and abdominal muscles, were
decreased. At the same time, the TrA was activated by performing the ADIM, and presented in the increase of muscle
thickness. This was supported by the study of McMeekan et al.
[19], which showed an excellent correlation between the activity and thickness of the TrA. In addition, Lee and colleagues
[15] reported that ADIM training with the feedback method
(i.e. ultrasound imaging and PBU) for 15 minutes resulted in
significantly thicker TrA muscle than using manual contact.
They suggested that use of the feedback method may be more
effective only in improving TrA muscle function than using
manual contact. Therefore, the feedback device in this study
may be useful as an indicator of TrA activation for patients
with LBP, especially for self-training at home or the workplace
because it is easy to use and affordable.
CONCLUSION

All participants gave written informed consent.
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