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Abstract

Purpose: The purpose of this study was to
provide clinical information by comparing abdominal
muscle activity and lumbopelvic rotation angle according
to proprioceptive neuromuscular facilitation (PNF) lower
pattern with pressure biofeedback unit or PNF lower
pattern without pressure biofeedback unit in patients with
chronic back pain. Methods: In this study, 20 patients with
low back pain were instructed to perform PNF lower
pattern with biofeedback unit and PNF lower pattern
without biofeedback unit. Surface electromyography data
were collected from the ipsilateral internal oblique (IIO),
contralateral external oblique (CEO), ipsilateral rectus
abdominal (IRA) muscles, and lumbopelvic rotation angle
were measured using the motion analysis device. Results:
The activation of all abdominal muscles was found greater
in PNF lower pattern with biofeedback unit than that PNF
lower pattern without biofeedback unit. The degree of
lumbopelvic rotation angle in PNF lower pattern with
biofeedback unit was found lower than that PNF lower
pattern without biofeedback unit(p<0.05). Conclusion: The
results of this study suggest that PNF lower pattern with
biofeedback unit is effective in increasing abdominal
muscle activity and decreasing unwanted lumbopelvic
rotation in patients with chronic low back pain. Therefore,
if you want to apply the PNF lower pattern to patients with
chronic low back pain, it is considered effective to control
the pelvis using the biofeedback unit.

Keywords

Back Pain, Biofeedback Unit, Strength,

Surface EMG

1. Introduction
Low back pain is a common musculoskeletal disorder,
and most people experience low back pain during their
lives. Of these, 40% of people develop chronic low back
pain that lasts for at least 12 weeks [1][2]. Such chronic
low back pain can be caused by various causes, especially
the instability of the lumbar spine and weakening of the
lower extremity muscle strength are one of the causes of
chronic low back pain [3]. In patients with chronic low
back pain, if the lower limbs are repeatedly moved during
their daily life, excessive movement in the lumbosacral
spine occurs, which soon worsens low back pain. [4][5].
The proprioceptive neuromuscular facilitation (PNF)
lower extremity pattern can be applied to strengthen the hip
abductor and extensor muscles of the lower extremities.
The PNF pattern is an approach that integrates motor
control and motor learning. It is an effective method to
improve muscle strength, endurance, joint motion range,
etc. and to improve daily life movements through pattern
movement consisting of diagonal motion [6]. Among the
lower limb patterns of the PNF pattern, there are hip
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flexion-abduction-internal
rotation
patterns,
hip
extension-adduction-external rotation patterns, and hip
extension-abduction-external rotation patterns [7].
However, in the case of chronic low back pain patients,
there is a limitation in controlling the erroneous movement
of the pelvis during the muscle strengthening exercise of
the lower extremities, so an intervention that can improve
the stability of the pelvis is needed. In order to improve the
stability of the pelvis, it can be classified as a method of
using external or internal force. The method of using
external force is a method of compressing the sacroiliac
joint using the therapist's hand or a pelvic belt, and it can be
applied to patients with instability in the lumbar spine to
improve stability [8]. However, since the method using
external force improves stability only when the therapist's
hand or pelvic belt is continuously applied, it is necessary
to maintain stability with the patient's internal force [8][9].
The method of using the internal force that can be carried
out for this is a method that can control the pelvis by
activating the simultaneous contraction of the local muscle
and the entire muscle [10]. In a study by Park et al. [11], the
subjects were able to directly use the thumb rather than
when performing the movement of the lower limb by
providing external force through the pelvic belt to the
general public. It was reported that the rotation angle of the
pelvis decreased during the movement of the lower
extremities when the method using the internal force to
minimize the movement of the pelvis by palpating anterior
superior iliac spine was performed. A study by Noh et al.
[12] also suggested that inducing internal force by placing
a biofeedback device under the lumbar spine and
maintaining pressure during the movement of the lower
extremities in patients with chronic low back pain induces
the activity of the abdominal muscles and reduces the
rotation of the pelvis.
Based on these previous studies, it can be seen that
patients with instability of the lumbosacral should reduce
the movement of the pelvis through an internal force
method because rotation is increased during the lower
extremity muscle strength. In patients with chronic low
back pain, there may be limitations in selectively
mobilizing abdominal muscles or directly controlling
pelvic rotation. Therefore, in this study, when applying a
PNF lower extremity pattern that can strengthen lower
extremity muscle strength, the provision of pressure
biofeedback unit activates abdominal muscle activity and
attempts to provide clinical information by verifying the
effect on the change of pelvic rotation angle.

understood the purpose of the study and wrote a consent
form to participate in the study based on the declaration of
Helsinki, were conducted. The inclusion criteria of the
study were those who have not had a history of back
surgery, and those whose visual analogue scale (VAS) lasts
more than 3 points due to pain in the lower back for more
than 3 months and low back pain. This study was
performed on patients who had an oswestry disability index
(ODI) of 7 or higher and were diagnosed with chronic back
pain by a specialist. Table 1 shows the general
characteristics of the subjects.
Table 1. General characteristics of subjects (n= 20)

a

Characteristics

Back pain group

Age (years)

44.53±9.76a

Gender (M/F)

8/12

Height (㎝)

166.11±8.94

Weight (㎏)

64.27±9.87

BMI (score)

23.47±3.54

Mean±standard deviation

2.2. Procedure
A pressure biofeedback unit (Stabilizer, Chattanooga
Group Inc, USA) was used to provide trunk stabilization
feedback when applying the PNF lower extremity pattern.
Subjects placed the pressure biofeedback unit between the
floor and the waist in the side lying position and held the
scale with one hand to check the pressure to 40mmHg, and
the pressure was maintained between 35mmHg and
45mmHg while performing the PNF pattern. So that the
trunk can be stably maintained [13]. PNF lower limb
pattern application according to the provision of pressure
biofeedback and PNF lower limb pattern application in the
state of not providing pressure biofeedback, respectively,
were performed to measure abdominal muscle activity
through EMG and pelvic rotation angle in cross section.
Resting time between each condition was 5 minutes, and
muscle fatigue of the subjects was prevented.
Subjects were placed on the treatment bed with the
dominant side up, and the torso, pelvis, and legs were
aligned. In order to effectively strengthen the hip abductor
and hip extensors, an extension-abduction-internal rotation
pattern of the dominant lower limb was applied, and the
last posture was kept for 5 seconds. The application of the
PNF pattern was conducted by a researcher who completed
level 3a of education conducted by the Society for PNF.

2. Methods
2.3. Assessment
2.1. Subjects

2.3.1. Muscle Activity

A total of 20 patients who were admitted to the
rehabilitation hospital located in J city, Korea, who

Application of the PNF lower limb pattern to the
subjects' dominant feet to measure the muscle activity of
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the ipsilateral internal oblique abdominal muscle, the
opposite external oblique abdominal muscle, and the
ipsilateral rectus abdominis muscle in the last posture, a
surface electromyography device (TeleMyo DTS, Noraxon
EMG, USA) was used. To remove noise that may occur
during the EMG measurement, the electrode attachment
area was shaved and sterilized with an alcohol cotton pad.
Surface electrodes (Ag-AgCl, Bioprotech, South Korea)
were attached to each muscle area at 1.5 cm intervals
according to the surface EMG guidelines. In order to obtain
the reference values of the internal abdominal, external
abdominal, and rectus abdominal muscles, the average
value was measured by raising both feet of about 8 cm from
the table for 3 seconds in a straight position with the knee
bent, and the reference voluntary contraction (%RVC) of
muscle contraction during motion was obtained [14].
For EMG measurements, a band-pass filter of 20-450 Hz
and a notch filter of 60 Hz were used [15]. In addition, a
sampling rate of 1,000 Hz was applied. The EMG
measurements were made using dedicated software
(MyoResearch XP Master 1.06 software, Noraxon, USA),
and the measured EMG signals were converted into root
mean square (RMS). The average value was statistically
processed by measuring three times.

PNF pattern was performed with the biofeedback unit
compared to the PNF pattern without the biofeedback unit
(p<0.05)(Table 2).
Table 2. EMG activity (%RVC) of abdominal muscles
Muscles

With
biofeedback unit

Without
biofeedback unit

p

IIOa

60.26±23.40d

33.77±18.79

0.01*

CEOb

133.01±58.81

81.67±47.45

0.04*

IRAc

99.11±16.13

71.46±16.05

0.01*

a

Ipsilateral internal oblique, bContralateral external oblique, cIpsilateral
rectus abdominal, dMean±standard deviation, significant difference
between the change values among the group (*p<0.05)

3.2. Pelvic Rotation Angle
The pelvic rotation angle was found to be statistically
significantly reduced when the PNF pattern was performed
with the biofeedback unit provided compared to when the
PNF pattern was performed without the biofeedback unit
(p<0.05)(Table 3).
Table 3. The angle of pelvic rotation

2.3.2. Pelvic Rotation
A motion analysis device (Motion biofeedback device,
Relive, Korea) was used to measure the change in the
pelvic rotation angle in the cross section of the subjects
during the PNF lower limb pattern. The motion analysis
device was fixed with a band between the anterior superior
iliac spine and the anterior inferior iliac spine on the
opposite side of the subject. Changes in the angle of
rotation of the pelvis during the PNF lower extremity
pattern were measured on subjects [16]. The mean value
was statistically processed by measuring three times.
2.4. Statistical Analysis
All statistical analyzes of this study were conducted
using the SPSS software (ver 22.0. SPSS Inc, Chicago,
USA). An independent t-test was performed to analyze
changes in muscle activity of each muscle and pelvic
rotation angle in the cross section according to the presence
or absence of pressure biofeedback during the PNF lower
limb pattern. All statistical significance levels (p) of the
data were tested as 0.05.

3. Results
3.1. Abdominal Muscle Activity
It was found that the muscle activity of the internal
abdominal, external abdominal, and rectus abdominal
muscle was statistically significantly improved when the
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Pelvic
rotation

With
biofeedback unit

Without
biofeedback unit

p

8.25±1.60a

11.30±2.73

0.00*

a

Mean±standard deviation, significant difference between the change
values among the group (*p<0.05)

4. Discussion
This study investigated the effect of using a pressure
biofeedback unit to control trunk stability on the change of
abdominal muscle activity and pelvic rotation angle when
applying the PNF pattern to strengthen the hip abductor
muscle and hip extensor muscle in chronic low back pain
patients. This study was conducted to provide a clinical
information for rehabilitation of patients with chronic low
back pain.
As a result, it was found that providing pressure
biofeedback unit during the PNF lower extremity pattern in
all of the internal oblique abdominal, external oblique
abdominal, and rectus abdominal muscles showed higher
muscle activity compared to the state not provided. The
trunk plays a central role in the functional activity chain
and is very important as it is the basis for limb movement
[17]. In particular, the stabilization of the trunk shows an
increase in the stability of the lower extremity joint and an
improvement in muscle strength due to increased muscle
fiber mobilization [18]. In a study by Cynn et al.[19], it was
found that performing hip abduction exercise after
stabilizing the trunk by providing pressure biofeedback in
the supine position was effective in improving the
abdominal muscle activity. This is because the activity of
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the abdominal muscles is increased to ensure the stability
of the trunk while moving the lower limbs. In a study by
Yoo et al.[20], it was found that the application of the PNF
lower limb pattern in the state of applying the abdominal
hollowing increases the muscle activity of the abdominal
muscles and lower extremities than when the abdominal
hollowing is not applied. This is a result of the increase in
the activity of the abdominal muscles during the movement
of the lower extremities. Internal and external forces are
required for the stability of the lumbar spine during the
movement of the lower extremities. In the study of Hu et
al.[9], the stability of the lumbosacral spine is secured by
the internal force caused by contraction of the transverse
abdominal and oblique muscles during the lower limb
movement. In this study, it is also thought that the internal
force and the stability of the lumbar spine were increased
by the activation of the abdominal muscles according to the
provision of pressure biofeedback.
As a result of measuring the change in pelvic rotation
angle, it was found that providing a biofeedback unit
during the PNF lower extremity pattern was effective in
reducing the pelvic rotation angle compared to that without
providing a biofeedback unit. The reduction of rotation of
the pelvis during the movement of the lower extremities is
an important consideration for patients with chronic low
back pain, which means that securing the stability of the
trunk using a biofeedback unit is effective in reducing the
rotation angle. A study by Noh et al.[12] also reported that
the pelvic rotation angle decreased when an internal force
was induced using the biofeedback unit during the
movement of the lower extremities in women with chronic
low back pain. It was reported that the internal force caused
by the lumbosacral spine was involved in the stability of
the lumbar vertebrae and reduced rotation. In order to
decrease the pelvic rotation angle during the movement of
the lower extremities, proper activity of the abdominal
muscles is required. In particular, the pelvic rotation angle
decreases due to the activation of the ipsilateral internal
oblique abdominal and opposite external oblique muscles
[11][21]. Based on the previous studies and the results of
this study, it is thought that during the PNF lower extremity
pattern, the biofeedback unit was used to elicit muscle
activity of the abdominal muscles, thereby increasing the
stability of the lumbosacral spine, resulting in decreased
pelvic rotation.
The subjects of this study were able to apply the pattern
directly because the muscle strength of the abductor and
extensor of the hip joint on the dominant side was more
than a certain standard. However, in the case of chronic low
back pain patients with severe pain or weak muscle
strength, there may be limitations in directly applying the
pattern. In addition, it is necessary to verify this as
evaluation is only conducted after the intervention, and
there is no evaluation on whether the effect continues.
This study was conducted to verify the effect on
abdominal muscle activity and pelvic rotation angle by

using a biofeedback unit to control trunk stability during
PNF lower extremity pattern for strengthening lower
extremity muscle strength in chronic low back pain patients.
Using a biofeedback unit to secure the stability of the trunk
and performing the PNF lower limb pattern was shown to
be an effective method for reducing abdominal muscle
activity and pelvic rotation angle. Therefore, the use of a
biofeedback unit should be considered in order to secure
the stability of the trunk while performing the PNF lower
limb pattern or movement of the lower limb in clinical
practice.
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