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[Purpose] The purpose of this study was to examine the different effects of long-term intervention be-

tween proprioceptive neuromuscular facilitation (PNF) and neuromuscular joint facilitation (NJF) patterns for the
pelvis on chronic low back pain as assessed by the cross-sectional area of the multifidus muscle and the thickness
of the transversus abdominis muscle. [Subjects] The subjects were 12 young people (five males, seven females) who
had experienced chronic low back pain on one side for more than 6 months. [Methods] The subjects were treated
by resting, PNF or NJF therapy, and each treatment was administered for one month. Ultrasonography was used to
measure the changes in the transversus abdominis muscle thickness and the multifidus muscle cross-sectional area.
[Results] The thickness of the transversus abdominis muscle and the cross-sectional area of the multifidus muscle in
the NJF group, after resting, increased significantly and were higher than those in the PNF group. [Conclusion] The
results show that significantly better improvement can be obtained for chronic low back pain by applying long-term

intervention of NJF patterns.
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INTRODUCTION

Chronic low back pain (LBP) is considered a recurring
human disease. In order to walk upright and keep that posi-
tion, humans exert a heavy burden on the lumbar region.
Since many factors contribute to LBP (multifactorial dis-
ease), a simple treatment is not enough to manage itV.

Chronic low back pain is defined as back pain lasting for
more than 12 weeks, and it affects more than 50% of the
general population. It is estimated that over 70% of adults
have at least one episode of low back pain during their life-
times. The prevalence of LBP is higher in young, economi-
cally active adults. Indeed, low back pain is the second most
common reason for absenteeism, and one of the most com-
mon reasons for medical consultation?.
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The muscles of the trunk, which are involved in main-
taining stability, can be classified into the global muscle
system and the local muscle system. Trunk movement is
controlled by the global muscle system, which supports the
spine and consists shallow lumbar muscles.

The local muscle system contains many muscles, such as
the multifidus, longissimus lumborum, iliocostalis lumbo-
rum, intertransversalis, and interspinal muscles, medial fi-
ber of the lumbar quadrate muscle. The internal abdominal
oblique muscle (the fibers adhering to the fascia thoraco-
lumbalis) is a constituent of the local muscle system.

The roles in the stabilization of the lumbar region of the
multifidus and transversus abdominis muscles have been
reported. The activities of the inner muscles (multifidus and
transverse abdominis muscles) are highly correlated with
the stability of the lumbar region?.

An important risk factor of low back pain is its weak-
ness and its lack of motor control in the local muscle sys-
tem, which contains the lumbar multifidus and transversus
abdominis muscles®. In the case of low activity of inner
muscles, the global muscle system (erector spinae, rectus
abdominis, and abdominal oblique muscles) compensate
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to maintain the stabilization of the lumbar region, and this
compensation is one of the causes of LBP?,

Intra-abdominal pressure is increased by the tonus of
the fascia thoracolumbalis, and this is affected by contrac-
tion of the transversus abdominis and multifidus muscles.
The increase in fascia thoracolumbalis tonus and the intra-
abdominal pressure resulting from muscle contraction also
contributes to the regional support of each spinal vertebra.
In particular, support of the sacroiliac joint, one of the
structures which is essential for spinal stabilization, is af-
fected by the transversus abdominis muscle and the lower
fibers of the internal abdominal oblique muscle®.

When humans engage in some activities, contraction of
the transversus abdominis muscle occurs ahead of the trunk
muscle groups”, and in preparation for trunk movement,
the intra-abdominal pressure (IAP) would increases.

Currently, rapid progress is being made in research on
the pelvic floor muscles. The stabilization of the lumbar re-
gion is determined by the inner unit, which is composed
of pelvic floor muscles, and the transversus abdominis and
multifidus muscles, and diaphragm. Active approaches to
the treatment of urinary incontinence and low back pain
have been put into clinical practice.

In clinical research, the resistance movement of the pel-
vis, the pattern of proprioceptive neuromuscular facilitation
(PNF), neuromuscular joint facilitation (NJF), and mobili-
zation are always used in the treatment of LBP, and static
contraction is selected in clinical treatment. However, this
treatment only relieves symptoms temporarily, and its ef-
fect does not last long.

NIJF is a new therapeutic exercise based on kinesiology
which integrates the facilitation element of proprioceptive
neuromuscular facilitation and joint composition move-
ment, aiming to improve the movement of the joint through
passive exercise, active exercise, and resistance exercise®.
It is used to increase the strength, flexibility, and range
of motion (ROM)?. Conservative therapy is also used in
the treatment of more than 90% of patients with low back
pain, and “postural exercise” has been widely used in clini-
cal treatments for the prevention of lumbar lordosis and
strengthening of the multifidus muscle. However, because
there is no objective evaluation, its efficacy is controversial.

Ultrasound imaging has been advocated as a noninva-
sive method for quantifying muscle morphology and behav-
ior, and it has been increasingly used both in research and as
a clinical tool throughout the rehabilitation process.

Ultrasound imaging has been validated as a measure of
lumbar multifidus muscle morphology, through comparison
with magnetic resonance imaging measurements, and as an
indicator of muscle activation with indwelling electromy-
ography'?.

The immediate effects of different treatments of LBP
have been assessed using the cross-sectional area of the
multifidus muscle measured by ultrasound imaging. How-
ever, there has been no research about the efficacy of differ-
ent long-term interventions!'D,

The aim of this study was to examine the different ef-
fects of long-term interventions using the PNF and NJF pat-
terns on the pelvis.

Table 1. Subject characteristics

M=£SD N=12
Age (y) 259+53
Height (cm) 174.0 £ 9.4
Weight (kg) 703+ 17.6
VAS 3.8+2.8
SUBJECTS AND METHODS

The subjects were twelve young people (5 males, 7 fe-
males) who had suffered chronic low back pain for more
than 6 months on one side of their bodies. Subject charac-
teristics are detailed in Table 1. The purpose and contents of
this research were explained to the subjects, and all subjects
gave their informed consent to participation in this study.
The study was approved by the Research Ethics Committee
of the International University of Health and Welfare, and
the IRD number for this study is 12-155.

Before the treatment, the subjects were evaluated for
pain severity using a visual analogue scale (VAS), and the
cross-sectional area of the multifidus muscle and the thick-
ness of the transversus abdominis muscle of the subjects
were measured using ultrasound imaging.

The subjects were joined the intervention group and
control group. For the control group, all subjects rested for
one month. For the intervention group, the subjects were
divided into PNF and NJF groups, two interventions were
carried out: the front inferior pelvic pattern of PNF, and the
front inferior pelvic pattern of NJF. In the PNF group, the
front inferior pelvic pattern of PNF was carried out 3 times
every week. In the NJF group, the front inferior pelvic of
NJF was carried out 3 times every week.

For the front inferior pelvic pattern of PNF, the examiner
placed his hands on the subjects’ knees and applied trac-
tion and resistance while they performed the front inferior
pelvic pattern. The static resistance and the traction were
applied in the intermediate position of the PNF pattern by
the examiner.

For the front inferior pelvic pattern of NJF, one hand of
the examiner was placed against the knee, and traction and
resistance were applied as in the PNF pattern. The other
hand of the examiner was placed on the spinous process of
L3 to prevent upward curvature. All interventions were car-
ried out by one physiotherapist.

In both the PNF and NJF interventions, the maximum
contraction time of 5 seconds was maintained for the inter-
mediate position in both patterns used for the interventions.

Before, and after one month of PNF and NJF treat-
ments, the VAS scores, cross-sectional areas of the mul-
tifidus muscle and thicknesses of the transversus abdomi-
nis muscle were measured using ultrasound imaging. Each
measurement was carried out twice, and the average value
was used for analysis. Ultrasound images of the multifidus
muscle wall and transversus abdominis were obtained using
a SonoSite ultrasound system (SonoSite180 PLUS, B mode,
5 MHz linear transducer). Gel was interposed between the
transducer and the skin. In order to measure the thickness
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Table 2. VAS and thickness of the transversus abdominis muscle (cm)

Thickness of the transversus

abdominis muscle (cm) VAS
a.Before treatment 0.46+0.04 a<d** 3.8+2.8
b.Resting 0.42+0.05  b<c.d* 4.0£2.5
c.PNF 0.48+0.05  c<d* 3.1+2.3 c<a.b*
d.NJF 0.60-+0.06 2.34£2.5 d<a.b.c**

#p<0.05 **p<0.01

Table 3. Cross-sectional area of the multifidus(cm?)

Pain side No pain side
a.Beore treatment 7.7+1.8 a<c.d™ 8.5£2.2 a<d”
b.Rest 7.0+1.7 b<a.c.d” 8.6+2.3 b<d”
¢.PNF 7.9+2.3 c<d™ 8.8+1.9 c<d”
d.NJF 8.7£2.0 9.5+2.1

*#p<0.05 **p<0.01

of the transversus abdominis muscle, the transducer was
positioned adjacent to and perpendicular to the abdominal
wall, 25 mm anteromedial to the midpoint between the ribs
and ilium on the midaxillary line, and parallel to the muscle
fibers of the transversus abdominis'?. For the measurement
of the cross-sectional area of the multifidus muscle, the
transducer was placed on the skin 25 mm distal from the
spinous process of L3 and vertical to the vertebral column.

To avoid inter-rater errors, the same physical therapist
performed all the measurements. Ultrasound images were
saved as still images, and the thickness and cross-sectional
area measurements were performed for muscle only, that is,
between the fascia boundaries.

In order to determine the minimum effect of the 2 in-
tervention methods, one-way analysis of variance with the
Bonferroni correction was used. The factors were the VAS
score, the thickness of the transversus abdominis muscle,
and the cross-sectional area of the multifidus muscle. The
data were analyzed using SPSS Ver. #17.0 for Windows.

RESULTS

The results for VAS and thickness of the musculus trans-
versus abdominis the 12 subjects are shown in Table 2.

The VAS score decreased significantly in the PNF and
NJF groups compared with before treatment and the rest
of the group. The decrease in the NJF group was the most
significant.

The thickness of the transversus abdominis muscle in-
creased significantly in the PNF and NJF groups compared
with the pre-treatment value and the rest group value, and
the increase in the NJF group was the most significant.

The results for the cross-sectional area of the multifidus
muscle are shown in Table 3. The cross-sectional area of
the multifidus muscle on the side with pain of the PNF, and
NJF groups showed significant increases compared to the
pre-treatment value and the rest group value. The increase
of the NJF group was the greatest. On the side without pain,

the cross-sectional areas of the multifidus muscle of the NJF
groups showed significant increases.

DISCUSSION

It is generally recognized that the multifidus muscle and
transversus abdominis muscle are very important for the
stabilization of the trunk. However, in clinical research, the
contribution of the transversus abdominis has been com-
paratively ignored.

Traditional remedies such as traction mobilization show
immediate effects, but only a few studies have investigated
their long-term treatment effects. Recently, special empha-
sis has been placed on combination therapies comprising
LBP exercise and lumbar stabilization exercise, but no
objective assessment of traditional methods has been per-
formed.

In this study, the effect of LBP treatment was evaluated
by measuring the thickness of the transversus abdominis
muscle, and the cross-sectional area of the multifidus mus-
cle using ultrasound imaging. The PNF and NJF techniques
elicited different effects. Transverse abdominis muscle
thickness and the cross-sectional area of the multifidus
muscle on the side with pain increased significantly after
applying the PNF technique, In the NJF pattern, proximal
resistance is exerted, promoting the isometric contraction of
the multifidus muscle, and the transverse abdominis muscle
also would be treated together with multifidus muscle con-
traction and increased intra-abdominal pressure.

The combination of multifidus muscle and transverse
abdomen is muscle treatment by NJF promoted strength-
ening of the local muscle system, and our results suggest
that imbalance of the multifidus muscle and weakness of the
transverse abdomenis muscle can be effectively improved
by long-term treatment with the NJF pattern.

Future studies are still needed to investigate the persis-
tence of treatment effects of different treatments after long-
term interventions for patients with low back pain.
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