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Abstract
Fat in�ltration and atrophy of lumbar muscles are related to spinal degenerative conditions, which can be
seen reliably on MRI scans of lumbar disc herniation (LDH) patients. The aim of this study was to
investigate the relationship between degeneration of core muscles and LDH. Fifty-�ve healthy volunteers
and �fty-�ve LDH patients were enrolled. Core muscle percent fat was used as the outcome measure, and
logistic regression as the analytical method to compare the relationship of the following �ve independent
variables (erector spinae, rectus abdominis, [transversus abdominal, internal abdominal oblique, and
external abdominal oblique muscle], lumbar multi�dus, and psoas major muscles) with LDH. The result
showed core muscles percent fat was signi�cantly higher in LDH patients than in healthy volunteers
(P<0.001). LDH is closely associated with degeneration of erector spinae (B=2.413, OR=11.166) and
rectus abdominus muscles (B=2.196, OR=8.991). Relationships were not evident between LDH and
degeneration of the lumbar multi�dus, psoas major muscle and (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle).(P 0.05) The application of Magnetic
Resonance Hydrolipid Separation Imaging allowed us to declare the association between degeneration of
the core muscles with LDH and provides a new record for future studies in diagnosis of LDH.

Introduction
Lumbar disc herniation (LDH) is a common clinical condition. Recently, epidemiological studies revealed
that the incidence of LDH reaches up to 7.62% in China[1]. Accompanying high rates of morbidity, a large
amount of healthcare resources are allocated to the treatment and prevention of LDH. According to the
latest statistics, the incidence rate of low back pain is ranked third in contributing to �nancial burden to
society in China[2]. And with increasing aging of the population and changes in lifestyle, this has a
growing trend[3].

Degeneration of core muscles is strongly associated with LDH. Core muscles including lumbar super�cial
and deep muscle groups functionally support and maintain spine stability[4]. Super�cial core muscles
also called global muscles of stabilization includes erector spinae, rectus abdominus, internal abdominal
oblique muscle, and external abdominal oblique muscles, etc. Deep core muscles also called local
muscles of stabilization includes transversus abdominis, and lumbar multi�dus muscles, etc[5]. Under
normal circumstances, core muscles play an important role in maintaining the stability of the spine and
protect intervertebral disc (IVD) from stress by modulating the stress response. Hence, we refer to it as the
“natural support”[6].

As reported by a systematic review, lumbar radiculopathy and LDH involve morphological changes
associated with the paraspinal musculature of the diseased segment of the spine[7]. One study reported
that morphological changes in the lumbar multi�dus muscle are highly correlated with increased
vertebral loading mechanics which affect the spinal biomechanics resulting in the incidence of disease[8].
Fat in�ltration of lumbar muscles is closely linked to spinal degenerative conditions. The replacement of



Page 3/17

muscle by adipose tissue leads to loss of contractile function, and may may adversely affect stability of
the spine [9].

Although previous studies have revealed an association between speci�c muscles and LDH such as the
lumbar multi�dus muscle, the relationship and magnitudes of correlation between certain muscle
degeneration of core muscles and LDH remain elusive. Therefore, core muscles percent fat is selected as
the main outcome measures, Magnetic Resonance Hydrolipid Separation Imaging (MRHS) also called
Dixon imaging as mode of detection to investigate the relationship between degeneration of core
muscles and LDH.

Result
1.Baseline data analysis

A total of �fty-�ve patients with LDH and �fty-�ve healthy volunteers were recruited in this study. The
patients ranged in age from twenty to �fty-�ve years, with a mean age of 41.44 ± 9.50; sixteen were men,
and thirty-nine were women; had a BMI of 18.9–29.4, with a mean BMI of 23.27 ± 2.12 kg/m2. Normality
was examined by the Kolmogorov-Smirnova test and the age and BMI in both groups followed normal
distribution. There were no statistically signi�cant differences between two groups in terms of age,
gender and BMI (p>0.05). Baseline data of the two groups is reported in Table 1. BMI of the two groups is
reported in Fig. 1. 

Table 1
The comparisons of baseline data between LDH patients and healthy volunteers

Groups NC gender age(years)

(x̄ ±s)

BMI(kg/m2)

(x̄ ±s)male female

LDH patients 55 16 39 41.44 ± 9.50 23.27 ± 2.12

Healthy volunteers 55 16 39 40.16 ± 9.50 23.85 ± 1.83

Statistics / x²=0.000 t = 0.073 t=-1.534

P 1.000 0.484 0.128

Note: The differences in age and BMI between the 2 groups were compared using the independent
two-sample t test, except for sex (Chi-Square Test).

2.The normality test of core muscles percent fat and normalized data

The data of core muscles percent fat of LDH patients and healthy volunteers indicate that only the
lumbar multi�dus muscle percent fat of healthy volunteers was in normal distribution and the rest of the
data did not follow a normal distribution, see Table 2 for details. 
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Table 2
The results of core muscles percent fat normality tests

  Kolmogorov-Smirnova ShaPiro-Wilk

Item Statistics Sample
size

P Statistics Sample
size

P

LM percent fat of LDH patients(%) 0.152 55 0.000 0.841 55 0.000

LE percent fat of LDH patients(%) 0.140 55 0.111 0.904 55 0.000

Psoas major muscle percent fat of
LDH patients(%)

0.147 55 0.000 0.868 55 0.000

IO, EO, TA percent fat of healthy
volunteers percent fat of LDH
patients (%)

0.133 55 0.200* 0.901 55 0.000

rectus abdominus percent fat of
LDH patients (%)

0.123 55 0.002 0.902 55 0.000

LM percent fat of healthy
volunteers(%)

0.068 55 0.200* 0.982 55 0.131

LE percent fat of healthy
volunteers(%)

0.095 55 0.016 0.973 55 0.025

Psoas major muscle percent fat of
healthy volunteers(%)

0.070 55 0.200* 0.952 55 0.001

IO, EO, TA percent fat of healthy
volunteers percent fat of healthy
volunteers (%)

0.166 55 0.000 0.927 55 0.000

rectus abdominus percent fat of
healthy volunteers(%)

0.131 55 0.000 0.896 55 0.000

Note: LM means lumbar multi�dus muscle; LE means erector spinal muscles; IO, EO, TA means
internal abdominal oblique muscle, external abdominal oblique muscle, transversus abdominis.

The data of core muscles percent fat of LDH patients and healthy volunteers were transformed by using
the natural ln to meet assumptions of normality. After log transformation only the lumbar multi�dus
muscle percent fat of LDH patients and healthy volunteers was in normal distribution and then performed
using two-independent samples t-test. At least one of the obtained data of the four remaining groups of
the muscle percent fat in LDH patients or healthy volunteers did not follow a normal distribution (See
details in Table 3).

The original data of the four remaining groups was then transformed by Sqrt. As the data failed to ful�ll
the requirement for an independent sample t-test, Wilcoxon rank sum test was used in data analysis. 
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Table 3
The results of core muscles percent fat normality tests after log transformation

  Kolmogorov-Smirnova ShaPiro-Wilk

Item Statistics Sample
size

P Statistics Sample
size

P

LM percent fat of LDH patients(%) 0.100 55 0.008 0.969 55 0.011

LE percent fat of LDH patients(%) 0.071 55 0.200* 0.988 55 0.454

Psoas major muscle percent fat of
LDH patients(%)

0.097 55 0.013 0.969 55 0.011

IO, EO, TA percent fat of healthy
volunteers percent fat of LDH
patients (%)

0.069 55 0.200* 0.985 55 0.269

rectus abdominus percent fat of
LDH patients (%)

0.044 55 0.200* 0.996 55 0.988

LM percent fat of healthy
volunteers(%)

0.059 55 0.200* 0.992 55 0.781

LE percent fat of healthy
volunteers(%)

0.055 55 0.200* 0.989 55 0.546

Psoas major muscle percent fat of
healthy volunteers(%)

0.063 55 0.200* 0.992 55 0.741

IO, EO, TA percent fat of healthy
volunteers percent fat of healthy
volunteers (%)

0.123 55 0.000 0.979 55 0.076

rectus abdominus percent fat of
healthy volunteers(%)

0.096 55 0.015 0.963 55 0.004

3. Comparison of the LM percent fat in LDH patients with healthy volunteers

The LM percent fat was higher in LDH patients than in healthy volunteers. Difference is statistically
signi�cant (p < 0.001) (See details in Table 4).  

Table 4
Comparison of the LM percent fat in LDH patients with healthy volunteers

Observation indicators LDH patients Healthy volunteers Z P

LM percent fat(%) 9.50(7.30, 13.95) 5.80(5.10, 6.80) -10.055 <0.001

4. Comparison of the LE percent fat in LDH patients with healthy volunteers

The LE percent fat was higher in LDH patients than in healthy volunteers after log transformation.
Difference is statistically signi�cant (p < 0.001) (See details in Table 5). Two-independent samples t-test
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was then performed on ln-transformed data showing the result that the difference was larger in the
pretest data than in the posttest data, so LE percent fat was higher in LDH patients than in healthy
volunteers.

Table 5
Comparison of the LE percent fat in LDH patients with healthy volunteers

Observation indicators LDH patients Healthy volunteers t P

LE percent fat(%) 17.28 ± 8.76 6.81 ± 1.54 / /

ln-transformed LE percent fat 2.73 ± 0.49 1.89 ± 0.23 -16.351 <0.001

Note: Levene’s test indicated unequal variances. Differences then were tested with Student’s t-test.

5. Comparison of the psoas major muscle percent fat in LDH patients with healthy volunteers

The psoas major muscle percent fat was higher in LDH patients than in healthy volunteers. Difference is
statistically signi�cant (p < 0.001) (See details in Table 6).

Table 6
Comparison of the psoas major muscle percent fat in LDH patients with healthy volunteers

Observation indicators LDH patients Healthy volunteers Z P

Psoas major muscle percent fat(%) 6.80(5.60, 9.20) 5.10(4.30, 5.825) -7.458 <0.001

6. Comparison of the transversus abdominal, internal abdominal oblique, and external abdominal oblique
muscle percent fat in LDH patients with healthy volunteers

The transversus abdominal, internal abdominal oblique, and external abdominal oblique muscle percent
fat was higher in LDH patients than in healthy volunteers. Difference is statistically signi�cant (p < 0.001)
(See details in Table 7).

Table 7
Comparison of transversus abdominal, internal abdominal oblique, and external abdominal

oblique muscle percent fat in LDH patients with healthy volunteers
Observation indicators LDH patients Healthy volunteers Z P

IO, EO, TA

percent fat percent fat(%)

14.40(11.00, 18.625) 7.00(6.20, 8.20) -11.522 <0.001

7. Comparison of the rectus abdominis muscle percent fat in LDH patients with healthy volunteers

The rectus abdominis muscle percent fat was higher in LDH patients than in healthy volunteers.
Difference is statistically signi�cant (p < 0.001) (See details in Table 8).
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Table 8
Comparison of rectus abdominus percent fat in LDH patients with healthy volunteers

Observation indicators LDH patients Healthy volunteers Z P

rectus abdominus percent fat(%) 18.45(13.45, 26.025) 7.20(6.20, 8.90) -11.463 <0.001

8. Univariate logistic regression analysis of association between core muscles percent fat and LDH

Variables mentioned above (erector spinae, rectus abdominis, (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle), lumbar multi�dus, and psoas major
muscles) found to be statistically signi�cant then were analyzed by univariate logistic regression
analysis showing the result that core muscles percent fat was associated with LDH (p < 0.001). Core
muscles percent fat β-Coe�cients, p-values, Exp and 95% con�dence intervals are shown in Table 9.

Table 9
Univariate logistic regression analysis of association between core muscles percent fat and

LDH
Variable β P Exp 95% con�dence interval

upper limit lower limit

LM percent fat 2.083 < 0.001 8.029 3.912 14.479

LE percent fat 3.303 < 0.001 27.203 8.374 88.367

Psoas major muscle percent fat 1.394 < 0.001 4.030 2.355 6.897

IO, EO, TA

percent fat percent fat

3.168 < 0.001 23.757 7.144 78.999

rectus abdominus percent fat 3.284 < 0.001 26.683 7.739 92.001

9. Multivariate logistic regression analysis of association between core muscles percent fat and LDH

Variables mentioned above (erector spinae, rectus abdominis, (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle), lumbar multi�dus, and psoas major
muscles) found to be statistically signi�cant in univariate analyses were entered into multivariate logistic
regression analysis (the stepwise regression analysis) showing the result that the LE and rectus
abdominus muscles percent fat were associated with LDH (p < 0.01) (See details in Tables 10 and 11).
The unstandardized beta coe�cient of the LE percent fat (B) was 2.413, the OR was 11.166 and 95% CI
was 2.741–45.494. The unstandardized beta coe�cient of rectus abdominus percent fat (B) was 2.196,
the OR was 8.991 and 95% CI was 2.241–36.071.

There was no evidence of a relationship between the lumbar multi�dus, and psoas major muscles and
(transversus abdominal, internal abdominal oblique, and external abdominal oblique muscle) percent fat
and LDH (P<0.05) (See details in Table 12).
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Table 10
Multivariate logistic regression analysis of association between core muscles percent fat and

LDH (step 1)
Variable β P Exp 95% con�dence interval

upper limit lower limit

LE percent fat 3.303 < 0.01 27.203 8.374 88.367

rectus abdominus percent fat 3.284 < 0.001 26.683 7.739 92.001

Constant -12.444 < 0.001 < 0.001 / /

Table 11
Multivariate logistic regression analysis of association between core muscles percent fat and

LDH (step 2)
Variable β P Exp 95% con�dence interval

upper limit lower limit

LE percent fat 2.413 0.001 11.166 2.741 45.494

rectus abdominus percent fat 2.196 0.002 8.991 2.241 36.071

Constant -12.444 < 0.001 < 0.001 / /

Table 12
Multivariate logistic regression analysis of

association between core muscles percent fat and
LDH (other variables)

Variable Score P

LM percent fat 0.242 0.623

Psoas major muscle percent fat 0.638 0.428

IO, EO, TA

percent fat

0.772 0.380

Analysis And Discussion
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Fat in�ltration and atrophy of lumbar muscles are related to spinal degenerative conditions, which can be
seen reliably on MRI scans of LDH patients[11], and the degree of disc degeneration is directly
proportional to the duration of symptoms[12–14]. Previous studies were more focused on an association
between the generation of the lumbar multi�dus muscle and LDH. Segmental spinal instability caused by
lumbar multi�dus muscles atrophy resulting in the destroy of exogenous stability of the spine and further
impact the endogenous stability which accelerates intervertebral disc degeneration process[15]. It has also
been shown that LDH is a frequent cause of spinal muscular atrophy. According to Kader df et al .[16]

muscle atrophy induced by chronic low back pain is a signi�cant independent risk factor of muscle
degeneration. Kim et al[17]identi�ed a reduction in the cross-sectional area of the lumbar multi�dus
muscle of LDH patients who had low back pain of at least 2 months duration. In accordance with the
�ndings of Hodges et al.[18] unilateral single nerve injury leads to atrophy of the lumbar multi�dus muscle
of the ipsilateral corresponding segments while the muscle of the contralateral healthy side doesn’t
signi�cantly changed. There were also studies that proposed compression and injury of nerve root due to
LDH is the leading cause of paraspinal muscle atrophy[19]. Taken together, generation of core muscles
and LDH are mutually correlated. The lumbar spine especially the L4-L5 segment is a main supportive
structure of body weight and is the most mobile segment of the lumbar spine, thus it is the most
frequently affected segment regarding a disc herniation. A systematic review[20] revealed that muscle
degeneration is not pronounced in upper lumbar spine segments, but more severe in lower lumbar
segments of patients with low back pain. So in the �rst part of the study, MRHS was used to measure the
core muscles percent fat at the L4-L5 segment to demonstrate the relationship of degeneration of core
muscles and LDH. The study was conducted using a case-control design and baseline data including
age, gender, BMI of LDH patients and healthy volunteers were well matched before analyzed using
multivariable logistic regression.

Finally, we conclude that core muscles (erector spinae, rectus abdominis, (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle), lumbar multi�dus, and psoas major
muscles) percent fat was signi�cantly higher in patients with LDH as compared to healthy volunteers.
LDH is considered to be closely associated with degeneration of the erector spinae and rectus abdominus
muscles, while there was no evidence of a relationship between LDH and degeneration of lumbar
multi�dus, psoas major muscles, and (transversus abdominal, internal abdominal oblique, and external
abdominal oblique muscle) during step-wise analysis.

MRHS has been widely used to investigate the fat in�ltration of different organs[21], especially in the
lumbar paravertebral muscles investigation[22–24]. MRHS mainly used the different resonant frequency
between the hydrogen nuclei in water and in fat to perform data acquisition at different echo times(TE).
Secondly, separate water and fat images can be reconstructed from the obtained in-phase and out-of-
phase images. After continuous technical improvement, dixon technology has evolved from the earliest
two-point acquisition to today's three-point acquisition with which the muscle imaging had well-de�ned
margins, the signals were homogenous and allows the production of a water-only image and a fat-only
image [25, 26]. The main manifestation of the degeneration of core muscles is fat in�ltration. MRHS can
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accurately complete the measurement of core muscles percent fat in the experiment, which is an
advanced and reliable measurement method. Different measurement methods and observation
indicators have their own advantages and disadvantages, core muscles percent fat was selected as the
main observation indicator in the experiment. In the actual detection process, the measurement method
has a high consistency which was performed jointly by a senior orthopaedic surgeon and two high-grade
imaging physicians to ensure the accuracy of the detection and reduce bias as far as possible.

The boundary between the fused muscles (transversus abdominal, internal abdominal oblique, and
external abdominal oblique muscle) cannot be clearly distinguished on the NMR sequence, so they are
treated as a separate variable for analysis based on their anatomy and biomechanical characteristics.

Summary

The study was conducted using a case-control design in which MRHS was used to measure core muscles
(erector spinae, rectus abdominis, (transversus abdominal, internal abdominal oblique, and external
abdominal oblique muscle), lumbar multi�dus, and psoas major muscles) percent fat in LDH patients
and healthy volunteers and the result showed that core muscles percent fat in LDH patients was higher
than that in healthy volunteers. LDH is considered to be closely associated with degeneration of the
erector spinae and rectus abdominus muscles and there was no evidence of a relationship between LDH
and degeneration of lumbar multi�dus, psoas major muscles and (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle).

Only the erector spinae muscle percent fat was in normal distribution after log transformation and then
performed using two-independent samples t-test while the rest of the data of core muscles percent fat
which didn’t obey normal distribution was analyzed using the Wilcoxon rank sum test. It reduces the
e�ciency of the test to some extent. In our study, core muscles percent fat values were divided into 4
levels by quartiles to include into the multivariable logistic regression model. There have also been
studies that arti�cially divide the percent fat by severity, while different spinal segments and choice of
measurement methods will greatly affect outcome measures of the core muscles percent fat[27].
Therefore, the data was categorized based on quartile classi�cation.

In the future study, in order to obtain more precise and accurate data on core muscles percent fat, we will
try different measurement methods to collect relevant data providing a basis for the classi�cation of
percent fat which makes the test results more consistent with the actual results.

Materials And Methods
1. Clinical data

Healthy volunteers

Inclusion Criteria:
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patients in good physical health,

patients aged 20 to 55 years, including 20 and 55 years, male or female, 

patients who agree to participate in the study and sign the informed consent.

Exclusion criteria:

patients who performed lumbar and abdominal muscles exercises in the past,

patients unable to tolerate magnetic resonance imaging or claustrophobia,

patients who are deemed unsuitable for the clinical trial.

Removing criteria:

patients who decline participation of various reasons,

patients unable to comprehend questions asked by the researchers,

patients intolerant to necessary examinations.

Patients with LDH

Inclusion Criteria:

patients who meet the diagnostic criteria for LDH[10]  

patients aged 20 to 55 years, including 20 and 55 years, male or female, 

Patients with a history of LDH for 6 months and/or above

patients who have signed the informed consent.

Exclusion criteria:

patients with LDH causing radiculopathy (radicular pain and paresthesia) or cauda equina syndrome,

patients with other diseases such as spinal stenosis, ankylosing spondylitis that cause low back pain,

patients with a previous history of spinal surgery, traumatic injury to the spine,

patients with bone tuberculosis, osteoporosis and bone tumors,

patients with other severe cardiovascular and cerebrovascular diseases, digestive and hematopoietic
system diseases, patients with diabetes mellitus Autoimmune diseases or other metabolic diseases,
patients with mental diseases,
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patients who performed lumbar and abdominal muscles exercises in the past,

patient had a previous history of wearing lumbar supports for at least 2 weeks,

patients unable to tolerate magnetic resonance imaging or claustrophobia,

patients inappropriate for participation in the present study for any other reason.

Removing criteria:

patients who decline participation of various reasons,

patients unable to comprehend questions asked by the researchers,

patients intolerant to necessary examinations.

 

2.Methods

The epidemiological studies were conducted using a case-control design. Fifthy-�ve healthy individuals
were selected as controls. Magnetic resonance imaging-guided core muscles percent fat in patients with
LDH and healthy volunteers including erector spinae, rectus abdominis, (transversus abdominal, internal
abdominal oblique, and external abdominal oblique muscle), lumbar multi�dus, and psoas major
muscles was used as as the outcome measure, logistic regression as the analytical method to investigate
the relationship between degeneration of core muscles and LDH.

The method of core muscles percent fat detection

MRHS was used to measure different muscle percent fat of core muscles. MRHS also called Dixon
imaging mainly used the different resonant frequency between the hydrogen nuclei in water and in fat to
perform data acquisition at different echo times (TE). The Dixon sequence basically acquires two images,
one image with water and fat signals in-phase and the other with water and fat signals out-of-phase: the
sum and subtraction of the two images allows the production of a water-only image and a fat-only
image. Scanning equipment: 3.0T superconducting Siemens Skyra Scanner. 

Scanning parameters: TR5.36ms, TE1.24ms, Flip Angle 9°, number of layers was 44-60, thickness of layer
was 5.0 mm, layer interval 1.0mm, FOV50cm×50cm, the scanning time was 12s×5.

Measurements: Image acquisition (see Figure 2), percent fat measurement and data recording of each
muscle of core muscles at the level of the L4-L5 intervertebral disc space were performed jointly by a
senior orthopaedic surgeon and two high-grade imaging physicians. 

Sample size calculation 
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A case-control research design was adopted for the study. The sample size was estimated based on
multiple logistic regression analysis, requiring a sample size of more than 20 times the number of
independent variables. Given the di�culty of matching patients between groups based on their baseline
data and the experimental feasibility, �fty-�ve healthy volunteers and �fty-�ve patients with LDH were
recruited in this study. 

Ethics statement

This study was reviewed and approved by the Independent Ethics Committee of Shuguang Hospital
A�liated to Shanghai University of Traditional Chinese Medicine on April 29, 2015 (No. 2015-384-12-01)
and conducted in compliance with current Chinese law and the principles of Declaration of Helsinki to
protect the rights and interests of patients. 

3.Statistical analysis 

All statistical analyses were completed by the statistical software SPSS17.0. Variables followed a normal
distribution were given as mean ± standard deviation and then the independent t-test was performed.
Variables which didn’t followed a normal distribution were analyzed either after log transformation or
using the Wilcoxon rank sum test. Continuous variables found to be statistically signi�cant using the
independent two-sample t test and grades variables using the Wilcoxon rank sum test then were analyzed
by univariate logistic regression analysis. Variables found to be statistically signi�cant in univariate
analyses were entered into multivariate logistic regression analysis (the stepwise regression analysis).
Results were reported as β-Coe�cients, p-values, Exp and 95% con�dence intervals. Core muscles percent
fat values were divided into 4 levels by quartiles to include into the multivariable logistic regression
model.
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Figures

Figure 1

Baseline age, BMI data of LDH patients and healthy volunteers
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Figure 2

Example of image acquisition of each muscle of core muscles of L4-L5


