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Lumbar spinal stenosis is a multifactorial condition
with a prevalence of 27.2%, in which the nerves are
encroached and compressed by the surrounding bones
and soft tissues.1 It is diagnosed using radiography
and is characterized by muscle weakness in the lum-
bar and lower limb areas.2,3 Core stability exercises
are generally known to increase muscle activity,4 and
as the activity of the surrounding muscles has a crit-

ical role in the symptoms of lumbar spinal stenosis;
the prevalence of the disease increases among indi-
viduals who don’t practice core exercises.5

In the current clinical setting, the non-surgical
treatments for the improvement of lumbar spinal
stenosis symptoms include physical therapy, chiro-
practic, nonsteroidal anti-inflammatory drugs,
epidural injection, and analgesics, and surgical methods
include spinal decompression.6 Among these options,
the surgical treatment is more frequently used in 

Effects of Lumbar Mobilization on the Paravertebral Muscle
Activity and Muscle Tone in Patients with Lumbar Spinal
Stenosis

INTRODUCTION

Background: Patients with lumbar spinal stenosis show abnormal changes in
muscle activity due to pain and limited range of motion of the lumbar spine.
Excessive increased muscle tone and decreased muscle activity patterns
threaten the patients’ quality of life. However, there have been a few studies
showing how to improve muscle performance in patients with lumbar spinal
stenosis. Among these, joint mobilization is one way of improving muscle per-
formance through pain relief and increasing the range of motion.
Objectives: To investigate the effect of lumbar mobilization by orthopedic
manual physical therapy on paravertebral muscle activity and tone in patients
with lumbar spinal stenosis.
Design: A randomized controlled trial.
Methods: In this study, 24 patients with lumbar spinal stenosis were random-
ized (1:1 ratio) into two groups. The experimental group underwent lumbar
posteroanterior mobilization, and the control group underwent conventional
physical therapy (conventional transcutaneous electrical nerve stimulation) for
15 minutes each. For outcome measures, MyotonⓇPRO was used to evaluate
muscle tone when resting of the paravertebral muscle in the pain area. For
muscle activity evaluation, the reference voluntary contraction of the paraver-
tebral muscle was evaluated using surface electromyography.
Results: Muscle tone and activity were significantly improved after intervention
in both the experimental and control groups. In addition, the experimental
group showed more significant decrease in muscle tone and activity than the
control group.
Conclusion: These results suggest that lumbar mobilization improving muscle
performance in patients with lumbar spinal stenosis.
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clinical practice for patients with lumbar spinal
stenosis, but according to previous studies, 70% of
patients after surgery showed no change in symp-
toms, while 15% showed improvement and 15%
showed aggravation.7 Thus, an approach based on
physical therapy is necessary as a therapeutic option
for stable functional recovery to avoid relying too
much on surgical management.8

Such physical therapy approaches include joint
mobilization and transcutaneous electrical nerve
stimulation (TENS).9 Joint mobilization is a method
that can be applied through the patient’s active per-
formance of the lumbar area muscles within the
range of motion and with the assistance of a thera-
pist.10 TENS, on the contrary, is a noninvasive
peripheral nerve stimulation technique that activates
the transcutaneous nerve.11 Joint mobilization and
TENS are both applied for improving pain, gait abili-
ty, daily activities, and physical functions in patients
with lumbar spinal stenosis; however, only a few
studies have investigated their effects on muscle tone
or activity.9,12

Thus, this study aimed to compare the effects of
joint mobilization and TENS on the muscle tone and
activity in the lumbar area of patients with lumbar
spinal stenosis to provide the clinical background for
its management and treatment. 

The patients in this study were the outpatients from
the D-hospital and S-hospital in Seoul, South Korea,
who had been diagnosed with lumbar spinal stenosis
based on magnetic resonance imaging. A detailed
explanation of the study purpose was given to the
patients, and they provided a signed written consent
for participation. The G power program was used to
estimate the sample size with a total of 24 patients,
at an effect size of .5, a significance level of α=.05,
and a statistical power of .85. Using the Excel pro-

gram, the 24 patients were randomized into two
groups: the joint mobilization group (JMG, 12
patients) and the TENS group (TENSG, 12 patients).
For both the groups, the pre-intervention muscle
tone and activity were measured, and the post-
intervention values were measured 15 minutes after
intervention. The general characteristics of the
patients are presented in Table 1. This study approved
by the institutional review board of Yong-in
University: No. 2-1040966-AB-N-01-20-1812-
HSR-124-10.

Muscle tone
To assess the muscle tone in this study, the Myoton

ⓇPRO was used as the tool to measure the frequency
based on the repulsive force of the skin and muscle
tissues through probe vibration.

The patients were guided to lie comfortably on a
bed, and based on the spinous processes of the lum-
bar vertebrae, a mark was made on the erector
spinae muscle belly at 3 cm to the area where the
main symptoms were reported. The Myoton probe
was held in a vertical position as the measurements
were taken.13 For accurate data collection, any pres-
sure on the surrounding skin and muscle tissues was
prevented, and the initial values were excluded as the
tension could have increased at the first sensation of
the probe vibration. All measurements were taken by
one investigator to increase reliability, and only the
data within 3% coefficient of variation were collected.
For each patient, the mean of two sets of five meas-
urements upon vibration was obtained.

Muscle activity
To assess the muscle activity in this study, the sur-

face electromyography (EMG) (Telemyo 2400T G2,
NORAXON USA Inc. UK) was used to collect the
measured values.

The collected data was based on the root mean
squared values, while the EMG sampling rate was set
to 1,000 Hz. The frequency range for filtering and 

SUBJECTS AND METHODS

Subjects 

Measurement Apparatus

Age (years)

Height (cm)

Weight (kg)

JMG

65.33 ± 6.12

160.91 ± 6.63

60.16 ± 7.80

TENSG

64.91 ± 4.81

161.33 ± 5.26

60.58 ± 5.19

P

.855

.866

.879

Table 1. General characteristics of the patients

*P<.05, JMG: joint mobilization group, TENSG: transcutaneous electrical nerve stimulation group
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notch filtering were 30 – 500 Hz and 60 Hz, respec-
tively, using the Ag-AgCl adhesive electrode. The
collected data was then analyzed by 5 second inter-
vals for quantification. Based on the spinous
processes of the lumbar vertebrae, a mark was made
on the erector spinae muscle belly at 3 cm to the area
where the main symptoms were reported, and to
minimize the skin resistance for the collection of
accurate data, the dermatomal hair were removed
and the skin was sterilized with alcohol. The two
active electrodes were attached to the area closest to
the marked spots, while the reference electrodes were
attached to the iliac crest without any relation to the
erector spinae muscle.14

The patients in a standing posture were guided to
have equal forces distributed through the left and
right legs, and instructed to hold a 500 g dumbbell in
each hand. The level of the activated erector spinae
muscle was recorded as a reference, and the level was
recorded once again when the patient was no longer
holding anything. In analyzing the results, the %RVC
(Reference Voluntary Contraction) method was used
as the method of normalization that has been used in
studies on patients who are unable to produce maxi-
mum contraction or perform repetitive contractions.15

Joint mobilization
In this study, to ensure pain relief and joint range of

motion in the lumbar area, the posteroanterior (PA)
joint mobilization of Maitland Grade III was applied to
the lumbar spinous process. This intervention was
applied while the patient was guided to lie prone on
the bed and have both arms relaxed on the sides so
as to minimize the tension in the lumbar area. The
investigator stood close to the lumbar area of the
patient, and applied the joint mobilization by deliver-
ing the force in a vertical direction to the spinous
process.
Based on previous studies, varying the vibration did

not show significant differences in the lumbar spin-
ous process upon PA joint mobilization,16 and based
on this, the vibration in this study was administered
at 60 Hz/min for the front-back joint mobilization in
the lumbar neural spine. A single set consisted of 1
minute of joint mobilization, followed by 1 minute of
rest to reduce the residual pain.17 The treatment per
day consisted of 8 sets for 15 minutes, where the last
set no longer included the 1 minute of rest. The joint
mobilization in this study was performed by a thera-
pist with the certificate of Level 1 International
Maitland Teacher's Association. 

TENS
The therapeutic frequency of TENS (H-3000-P)

used to reduce the lumbar pain was set at 3 – 1,000
Hz, and the input voltage and frequency were set at
AC 220V and 60Hz, respectively. In reference to a
previous study, the high-frequency high-intensity
method was used in this study, where the frequency
was set to 75 – 125 Hz, the intensity to 30 – 80 mA,
the train duration to 30 – 200 μsec, and the pulsation
frequency to 50 – 100 pps.18 The intensity was set to
the level right before the pain threshold, which
induced a visible contraction in the patient’s lumbar
area. For the pad position, the cross arrangement
that focuses the current to the most painful area was
used; the electrodes were positioned on the left and
right sides of the lumbar spinal segment, for the 15-
minute interventions.

All statistical analyses in this study were performed
using the SPSS ver. 20.0 (SPSS Inc., Chicago, IL,
USA). For normal distribution and homogeneity of
the patients, the Shapiro-Wilk test and the t-test
were performed, respectively, while the values of the
descriptive statistics and frequency analysis were
expressed as mean ± standard deviation. For the
within-group differences between pre-intervention
and post-intervention, the paired t-test was carried
out. For the between-group differences, the inde-
pendent t-test was performed. The level of signifi-
cance for all statistical analyses in this study was set
to α=.05.

Analyzing the effects on the muscle tone by com-
paring the pre- and post-intervention states in the
JMG and TENSG showed that the post-intervention
values decreased more than the pre-intervention
values, showing a significant improvement in the
muscle tone (P<.05). In addition, the muscle activity
within each group between pre- and post-interven-
tion was also shown to have significantly improved
(P<.05) (Table 2).

Intervention

Data Analysis

Changes in the groups after intervention

RESULTS



Analyzing the differences in pre- and post-inter-
vention values between the JMG and TENSG showed

that both muscle tone and muscle activity had
improved to a higher degree in the JMG (P<.05)
(Table 3).
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Changes between the groups after intervention

According to previous studies, the prevalence of
lumbar spinal stenosis decreased when core exercises
were performed.5 Other exercises, including cycling,
treadmill, and core stability exercises also had a posi-
tive effect on the symptoms of lumbar spinal
stenosis.19 Based on these findings, the present study
determined the immediate effects of joint mobilization
and TENS on the muscle tone and activity of the
lumbar spinal segment.
In this study, 24 patients with lumbar spinal steno-

sis were randomized into two groups: 12 patients in
JMG to receive the PA joint mobilization intervention
and 12 patients in TENSG to receive the TENS inter-
vention. The results showed significant improvements
in the muscle tone and activity in both the JMG and
TENSG after intervention (P<.05), and for the
between-group comparison, the JMG showed positive
effects on both muscle tone and activity (P<.05). 

A direct association is yet to be verified due to the
lack of studies regarding the immediate effects of
TENS or joint mobilization on the muscle tone and
activity in patients with lumbar spinal stenosis.
Nevertheless, previous studies reported that core sta-
bility exercises including elbow-toes, back bridges,
hand-knees, side bridges, and curl-ups increased the
muscle activity, which had a positive effect on

patients with lumbar spinal stenosis. Thus, it was
reasonable to assume that the interventions in this
study led to a positive effect based on the improved
muscle tone and activity in the lumbar spinal seg-
ment.4,19

Applying PA joint mobilization to the lumbar area
causes physiological extension.20 As the core exten-
sion exercise has been reported to exert a positive
effect on pain relief in lumbar spinal stenosis, the PA
joint mobilization applied to the lumbar area was
likely to be a positive intervention as part of the
manual physical therapies for these patients.21 In
addition, joint mobilization applied to the lumbar area
has been reported to improve the muscle tone and
stiffness,22 and the muscle activity upon flexion,23

thus lending support to the results in this study.23 The
pathological symptoms of lumbar spinal stenosis arise
from the narrowed nerve spaces caused by the nearby
bones and soft tissues, and since joint mobilization
acts to broaden the spinal canal and the interverte-
bral foramen, the intervention was thought to have
led to the positive effects in this study.1,24

In lumbar spinal stenosis, the narrowed space in the
spine obstructs the flow of the cerebrospinal fluid in
the epidural space, which ultimately causes hypoxia
and claudication in the spinal nerve.25 The use of hot
packs, ultrasound, and TENS have been reported to
significantly improve the pain and Roland Morris 

Variable

Muscle tone

EMG

pre

JMG

19.05 ± .81

30.83 ± 2.68

post

16.20 ± 1.74*

21.41 ± 2.81*

pre

TENSG

19.05 ± .81

30.83 ± 2.68

post

16.20 ± 1.74*

21.41 ± 2.81*

Table 2. Changes in muscle tone and muscle activity in the groups after intervention

DISCUSSION

*P<.05, JMG: joint mobilization group, TENSG: transcutaneous electrical nerve stimulation group
EMG: electromyography

Variable

Muscle tone

EMG

JMG diff

2.85 ± 1.66

9.42 ± .51

TENSG diff

.89 ± .59

2.64 ± .27

P

.01*

.00*

Table 3. Changes in muscle tone and muscle activity between the groups after intervention

*P<.05, JMG: joint mobilization group, TENSG: transcutaneous electrical nerve stimulation group
EMG: electromyography
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Disability Index,26 and applying TENS, in particular,
had a positive effect on decreasing the muscle tone
and increasing the spinal blood flow in patients with
lumbar spinal stenosis.27,28

In this study, joint mobilization was shown to be a
more effective intervention than TENS. This may be
attributed to the broadened spinal canal and inter-
vertebral foramen, passive lumbar extension after
joint mobilization, and further advantages of
increased blood flow.

This study investigated the changes in the muscle
tone and muscle activity in 24 patients with lumbar
spinal stenosis after two different interventions: joint
mobilization and TENS. Each patient was provided
15-minute interventions, in which the improvements
in muscle tone and activity were higher in the JMG
than TENSG. Both the groups showed significant
improvements, indicating a need for further studies
performing the two interventions simultaneously on a
greater number of patients.

CONCLUSION
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