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Abstract
Background and Purpose: The purpose was to observe the changes in the thickness of lumbodorsal muscles that occur during
the locust pose in yoga and how these changes occur. From the changes in muscle thickness that occur in the locust pose, the
contractile function of lumbodorsal muscles can be evaluated.

Methods: The changes in the thickness of the lumbodorsal muscles in the relaxed and contracted states were dynamically
observed by real-time ultrasound when subjects were performing the locust yoga pose. Then, the thicknesses of the muscles
during the two states were measured to calculate the ratio of contraction of each muscle and determine the statistical
signi�cance of the change in thickness of each muscle.

Results: The mean thicknesses of the lumbodorsal muscles, including the multi�dus, longissimus, iliocostalis, and quadratus
lumborum, obviously differed between the relaxed and contracted states (P<0.005). The the mean C/R of the longissimus was
1.39±0.14 on the left and 1.40±0.16 on the right. The multi�dus and iliocostalis had the second highest C/R. The mean C/R of
the multi�dus was 1.23±0.12 on the left and 1.24±0.15 on the right, and the mean C/R of the iliocostalis was 1.25±0.12 on the
left and 1.24±0.14 on the right. The quadratus lumborum had the lowest C/R, and the mean C/R of the quadratus lumborum was
1.17±0.10 on the left and 1.19±0.11 on the right.

Conclusions: The contractile activity of the lumbar muscles can be observed by ultrasound to evaluate the contractile function of
the lumbar muscles.

Background
Low back pain (LBP) is de�ned as pain and discomfort localized above the inferior gluteal folds and below the costal margin,
regardless of whether leg pain is involved. Chronic LBP is de�ned as a minimum of 12 weeks of LBP unless otherwise
speci�ed(1). In 1987, Waddell indicated that the prevalence rate of LBP was as high as 80%. He introduced three categories of
chronic LBP, which have become internationally accepted: 1. speci�c spinal pathology; 2. nerve root pain/radicular pain; and 3.
nonspeci�c LBP(2).

Despite the very high prevalence of LBP, its pathophysiology is poorly understood, and no associations between investigative
�ndings and clinical symptoms have been found(3). Although the cause of LBP is obscure, systematic literature reviews have
indicated that physical exercises are effective in reducing pain and disability in patients suffering from LBP(4, 5).

The European guidelines released in 2006 recommend supervised exercise therapy as a �rst-line treatment in the management of
chronic LBP. Previous research has failed to show that one type of exercise program is superior to another. Existing research has
clearly demonstrated that regardless of the type of exercise, exercise therapy is effective in alleviating pain and dysfunction. The
type of exercise is selected according to the patient’s and therapist's preferences and the speci�c situation(1, 6). However, the
mechanism by which exercise therapy relieves pain and dysfunction cannot be explained by existing research. Does exercise
yield signi�cant changes in the lumbar muscle? Which muscle groups are most affected by a particular type of exercise? Are
certain imaging methods appropriate for speci�c evaluations? To date, there has not been a way to quantify the effectiveness of
different kinds of exercise, that is whether a particular type of exercise is effective, other than by the patient's chief complaint,
which is often subjective; thus, we need to identify a way to objectively assess exercise effectiveness.

The lumbodorsal muscles are mainly composed of the multi�dus, longissimus, iliocostalis and quadratus lumborum. Magnetic
resonance imaging (MRI) is considered the standard method of imaging for the assessment of posterior trunk muscles. MRI can
provide clear images of not only anatomical structures but also boundaries of different tissues. However, the long waiting time
for an appointment, long examination time and high examination cost limit its use in routine clinical applications(7, 8).
Ultrasonography (US) advanced rapidly over the past 50 years, and it is widely used in the clinic in �elds such as gynecology and
obstetrics and other �elds in which abdominal and super�cial organs, cardiovascular structures, and especially, musculoskeletal
structures are examined(9, 10). For instance, US has been used to directly assess atrophy and hypertrophy in different
muscles(11, 12). Although the image resolution of CT and MRI is higher than that of US, US imaging has obvious advantages
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over other imaging techniques: it is noninvasive, does not use radiation, can be used to acquire images in multiple planes, has
low examination costs, and most importantly, can dynamically assess the shrinkage of lumbodorsal muscles during
contractions and relaxation in real time, which cannot be achieved by MRI(7, 12).

Muscle thickness often increases by varying degrees as it contracts. Existing studies have reported that ultrasonography can be
used to observe changes in the thickness of muscles, except for lumbodorsal muscles, during contractions and relaxation to
detect or measure muscle “activity”(13–16). However, currently, there is no uniform, simple, feasible method for assessing
lumbodorsal muscle activity.

Yoga originated in ancient India(17), and it has been widely accepted by clinicians and patients with LBP(18–25). We chose the
locust yoga pose (Fig. 1) as the contracted state and prone position as the resting state. The main purposes of this study were to
use real-time ultrasound to observe the changes in the thicknesses of lumbodorsal muscles dynamically in contracted and
relaxed states, to determine which muscle has the highest contraction ratio of change, and to determine whether ultrasound can
be effective for examining the lumbar muscle.

Methods
A total of 52 healthy volunteers were recruited. All participants were between the ages of 19 and 68. Participants were eliminated
if they had current or chronic LBP, a history of back surgery, or a serious spinal pathology, such as fracture, cancer, or infection.
Each eligible participant was informed of all experimental procedures and provided informed written consent. In addition,
information about their height and weight was obtained before the examination.

All subjects were trained to master the completely relaxed state and the posture of the locust yoga pose. For the relaxed state,
subjects laid �at on the examination bed in the prone position, with both of their arms resting naturally to the sides of their body,
their head slightly resting to one side, and their legs relaxed. For the locust pose, participants laid in a prone position, with their
hands pronated, shoulder blades retracted together, gaze looking forward and downward, shoulder and elbows extended, spine
extended, lower abdomen in contact with the bed surface to act as a fulcrum, hips and legs extended, and feet plantar�exed; both
the angle between the lower limbs and the bed surface and the angle between the trunk and the bed surface were maintained to
be as close to 30° as possible. The whole body was bent like an inverted arch (Fig. 1).

In the relaxed state, the probe was placed transverse at the upper waist, and the 1st lumbar vertebra was identi�ed according to
the 12th rib. Then, the probe was gradually moved downward to observe the general shape of the cross-sections of each
lumbodorsal muscle. At the level of the 4th lumbar vertebra, the probe was rotated 90° clockwise to view a section of each
muscle in the sagittal plane. The transducer was oriented in the sagittal plane so that it was parallel to the muscle �bers to the
greatest extent possible(26). The muscles were measured in the sagittal plane. Each muscle was measured as vertically as
possible along the long axis of the muscle �bers to reduce measurement errors due to angulation. All eight muscles on both
sides of the lower back were measured sequentially, from the shallow to the deep, from the middle to the side, �rst left then right.
The order was as follows: the multi�dus, the quadratus lumborum, the longissimus and the iliocostalis.

Each subject was in a relaxed state when the optimal sagittal section of each muscle was recorded to ensure that the probe
position did not change, and then, the subject was asked to perform the locust yoga pose. To record the optimal sagittal section
of each muscle during the contracted state, still images were uni�ed with the double mode(27), and still images in the left
diastolic and right contracted states were assessed. The thickness of all the muscles in different positions was measured three
times, and then, on the other contraction image, in the same position, the thickness was also measured three times. Finally, the
average of the measurements was recorded.

All examinations and measurements were performed by two sonographers with more than 10 years of ultrasound experience. All
data analyses were performed using SPSS statistical software (v.20.0; IBM Corp., Armonk, NY). All data followed a normal
distribution. One-way ANOVA was used to compare the differences between the two groups of data (pre-exercise and exercise
motion), and the relationship between each of them was also analyzed. The p value of less than 0.05 was considered signi�cant.
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Results
Table 1

The mean thicknesses of four muscles in the relaxed and contracted states (Unit: centimeter), the related C/R ratio, and the p
value in differences between the relaxed and contracted states for the four muscles

  the left
multi�dus

the right
multi�dus

the left
quadratus
lumborum

the right
quadratus
lumborum

the left
longissimus

the right
longissimus

the left
iliocostalis

the right
iliocostalis

Resting
state

1.32 ± 
0.27

1.37 ± 
0.31

1.38 ± 
0.32

1.30 ± 
0.32

2.33 ± 0.51 2.34 ± 0.49 1.88 ± 
0.41

1.98 ± 
0.40

Contracted
state

1.60 ± 
0.30

1.68 ± 
0.38

1.62 ± 
0.40

1.55 ± 
0.41

3.20 ± 0.61 3.26 ± 0.68 2.34 ± 
0.49

2.44 ± 
0.56

C/R 1.23 ± 
0.12

1.24 ± 
0.15

1.17 ± 
0.10

1.19 ± 
0.11

1.39 ± 0.14 1.40 ± 0.16 1.25 ± 
0.12

1.24 ± 
0.14

F 26.49 21.14 10.71 11.54 62.17 62.11 26.34 23.63

P < 0.001 < 0.001 = 0.001 = 0.001 < 0.001 < 0.001 < 0.001 < 0.001

In this study, 52 individuals met the inclusion criteria, including 31 women and 21 men aged 18 to 68 years; the mean age was
40.35 ± 11.042 years, and the mean body mass index (BMI) was 23.845 ± 3.476. Clear ultrasound images were captured for all
the volunteers.

The thickness of the muscles, including the multi�dus, longissimus, iliocostalis, and quadratus lumborum, in relaxed and
contracted states, were measured. The mean thicknesses of these muscles in the relaxed and contracted states are shown in
Table 1. The thickness in the contracted state divided by that in relaxed state is denoted by C/R, and the mean C/R for each
muscle is also shown in Table 1. Among these four muscles, the longissimus had the highest C/R, and the mean C/R was 1.39 ± 
0.14 on the left and 1.40 ± 0.16 on the right. The multi�dus and iliocostalis had the second highest C/R. The mean C/R of the
multi�dus was 1.23 ± 0.12 on the left and 1.24 ± 0.15 on the right, and the mean C/R of the iliocostalis was 1.25 ± 0.12 on the left
and 1.24 ± 0.14 on the right. The quadratus lumborum had the lowest C/R, and the mean C/R of the quadratus lumborum was
1.17 ± 0.10 on the left and 1.19 ± 0.11 on the right. The differences between the relaxed and contracted states for all the muscles
had a p value of less than 0.005 (Fig. 2). Figure 2 to 5 show different muscles in the relaxed and contracted states. The blue line
indicates the thickness of the muscle in the relaxed state. The red line indicates the thickness of the muscle in the contracted
state.

Discussion
In the past, researchers studying LBP have comprehensively assessed the vertebrae, discs, and intervertebral joints of the back.
Nevertheless, the importance of the lumbodorsal muscles in stabilizing the lumbar spine should not be underestimated(28, 29),
and this viewpoint was excellently illustrated in a study that provided quantitative data about the stabilizing effects of muscles
with regard to the mechanics of the spine(29, 30). Therefore, in this study, we focused on the changes in the back muscles of
patients with LBP.

Previous studies have shown that the lumbar muscles often degenerate by different degrees when patients suffer from LBP(31,
32). This degeneration manifests as decreases in the cross-sectional areas (CSAs) of muscles(31, 33–37), increases in fat
content(32, 38–40) and changes in the proportions of muscle �ber types (more type II �bers, fewer type I �bers)(41). Although
the above structural changes of the paraspinal muscles have been reported frequently in the existing literature, there is no
consistent conclusion on the changes in muscle morphology and structure in LBP patients, and many of the results are
inconsistent. This inconsistency is probably due to different etiologies leading to different pathological changes, such as fatty
in�ltration itself, which increases muscle thickness. Moreover, there are many other related factors; for instance, the pathology of
the same disease varies at different stages(42). On the other hand, other studies have con�rmed that pain is not associated with
structural changes in paraspinal muscles(43–47).
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Changes in structure may lead to changes in muscle �ber elasticity, which inevitably affect muscle function. Even without
changes in muscle structure, pain causes pain-related nerve suppression, and the level of activity of lumbar muscles decreases
to prevent tissue damage(48), thereby affecting muscle contractile function. Therefore, it can be assumed that patients with LBP
exhibit changes in muscle contractile function to a certain extent, regardless of whether there are morphological structural
changes or how the structure changes.

As actin and myosin �laments overlap more during muscle contractions than during relaxation, the muscle generally becomes
thicker and shorter(49, 50). Real-time ultrasound can be used to observe dynamic changes in muscle thickness from relaxed to
contracted states. The contraction ratio can be calculated according to the muscle thickness in the two different states to
quantitatively evaluate muscle contractile function(51, 52).

In the existing literature on lumbodorsal muscles, the posture in which patients were examined differed among studies. Some
evaluations were performed in an upright position, while others were performed in a prone or supine position. In the supine
position, which is often used for MRI and CT scans, the back muscles are often compressed and deformed due to the patient’s
body weight. In the upright position, the human body needs small levels of muscular activity to maintain the pose, which might
affect the thicknesses of lumbar muscles(42). Furthermore, in the standing and supine positions, it is di�cult to observe and
measure changes in lumbodorsal muscles with US. Therefore, the prone position was chosen for our study. With subjects in the
prone position, we can ensure that there are no additional contractions of the muscles in the relaxed state, and it is convenient
for taking measurements.

Yoga has been widely accepted by clinicians and patients with LBP(18–25). However, yoga contains a variety of postures(18,
53), and we assume that each posture targets different muscles. According to our experience in clinical practice, the locust yoga
pose is an effective exercise to relieve LBP. We chose the locust yoga pose as the contracted state because of the following three
primary reasons. First, the locust yoga pose is effective in relieving LBP. Second, the action is simple and easy to perform. Third,
it is convenient for us to observe and measure muscles during this pose.

In our study, the data objectively showed that the locust yoga pose can be used to exercise the lumbar back muscles, especially
the longissimus. Therefore, the movement can be prescribed for patients with LBP. According to the measurements of the
thickness of lumbodorsal muscles taken in a uniform manner during the locust pose, the contraction ratio of each muscle (C/R)
was calculated to uniformly quantify the contraction function of each muscle.

However, our study has some limitations. First, yoga involves various poses; in this study, we investigated only the locust pose.
Second, the sample size was relatively small, so a study with a larger sample size needs to be conducted to determine the normal
range of the contraction ratio of each muscle. Third, the subjects of this study were normal people without LBP. Some patients
may not be able to perform the exercise mentioned above and therefore may not be eligible for future studies including patients
with LBP.

Conclusion
The locust pose in yoga can be used to exercise the lumbar muscle group. The contractile activity of the lumbar muscles can be
observed by ultrasound to evaluate the contractile function of the lumbar muscles.

Abbreviations
BMI (body mass index), C/R (Contracted state/ Resting state), CSAs (cross-sectional areas), LBP (Low back pain), MRI (Magnetic
resonance imaging), US (Ultrasonography)
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Figures

Figure 1

The head is lifted upward as much as possible, and both the upper limbs and lower limbs are stretched out from the bed surface.
The lower abdomen is in contact with the bed surface to act as the fulcrum. The angle of the lower limbs and fulcrum and the
angle of the upper body and fulcrum are close to 30°. The whole body is bent like an inverted arch.
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Figure 2

The thicknesses of the left(Fig 2 A) and right(Fig 2 B) multi�dus in the resting blue line  and contracted conditions (red line);
Comparison of the thicknesses in the resting blue column and contracted conditions (red column), group 1 is right, group 2 is
left(Fig 2 C); the sonogram of the multi�dus: left shows relaxed state and right shows contracted state. (Fig 2 D)
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Figure 3

The thicknesses of the left(Fig 3 A) and right(Fig 3 B) quadratus lumborum muscles in the resting blue line  and contracted
conditions (red line); Comparison of the thicknesses in the resting blue column and contracted conditions (red column), group 1
is right, group 2 is left(Fig 3 C); the sonogram of the quadratus lumborum: left shows relaxed state and right shows contracted
state. (Fig 3 D)
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Figure 4

The thicknesses of the left(Fig 4 A) and right(Fig 4 B) longissimus muscles in the resting blue line  and contracted conditions
(red line); Comparison of the thicknesses in the resting blue column and contracted conditions (red column), group 1 is right,
group 2 is left(Fig 4 C); the sonogram of the longissimus: left shows relaxed state and right shows contracted state. (Fig 4 D)
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Figure 5

The thicknesses of the left(Fig 5 A) and right(Fig 5 B) iliocostalis muscles in the resting (blue line) and contracted conditions (red
line); Comparison of the thicknesses in the resting (blue column) and contracted conditions (red column), group 1 is right, group
2 is left(Fig 5 C); the sonogram of the iliocostalis: left shows relaxed state and right shows contracted state. (Fig 5 D)


