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Background: Muscle structural studies on non-specific low back pain in young female nurses are rare. This study aimed to in-
vestigate the changes of lumbar extensor and flexor muscle cross-sectional area and fatty infiltration in young female nurses with
chronic bilateral non-specific low back pain by lumbar spine magnetic resonance imaging to speculate on the possible pathogen-
esis.

Methods: The magnetic resonance imaging (MRI) data of 58 female nurses with chronic bilateral non-specific low back
pain and 60 healthy female controls were analyzed retrospectively. The lumbar extensor and flexor muscle cross-sectional
area/intervertebral disc cross-sectional area ratio, as well as magnetic resonance imaging signal intensity of lumbar extensor
(erector spinae; multifidus) and flexor muscles (psoas muscle) were measured, calculated and compared between nurses and
healthy controls by independent samples 7-test. In addition, each mean MRI signal intensity of lumbar extensor or flexor muscles
in nurses at different anatomical segments from lumbar vertebrae 2 (L2)-L3 to LS-sacral vertebrae 1 (S1) was also compared,
and one-way Analysis of Variance (ANOVA) analyzed the mean MRI signal intensity between muscles in nurses with multiple
comparisons.

Results: There was no significant difference in lumbar extensor and flexor muscle cross-sectional area/intervertebral disc cross-
sectional area ratio between nurses with chronic bilateral non-specific low back pain and healthy controls, p > 0.01. The magnetic
resonance imaging signal intensity in lumbar extensor and flexor muscle was significantly higher in nurses with chronic bilateral
non-specific low back pain than in healthy controls, p < 0.01. The MRI signal intensity of lumbar extensor muscle at the lower
lumbar segments was higher than at the upper ones. The magnetic resonance imaging signal intensity of the extensor muscle
(erector spinae; multifidus) was significantly higher than that of the flexor muscle (psoas muscle), p < 0.01.

Conclusions: This study showed that young nurses with chronic bilateral non-specific low back pain have lumbar extensor and
flexor muscle fatty infiltration without muscle atrophy. We hypothesized that muscle fatty infiltration may occur prior to muscle
atrophy. Therefore, the high fatty infiltration of the lumbar extensor and flexor muscle may be a cause or a result of chronic
bilateral non-specific low back pain in young nurses.
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Background was to investigate the changes in muscle cross-sectional
area (CSA)/intervertebral disc (IVD) CSA ratio, as well as

magnetic resonance imaging (MRI) signal intensity of lum-

Although chronic bilateral non-specific low back pain
(CBNLBP) is very common, its etiology is poorly under-
stood [1]. The degeneration of lumbar extensor and flexor
muscle may be one of the reasons for CBNLBP. Previous
studies focused on lumbar paraspinal muscles in middle-
aged and older people [2,3]. The incidence of low back pain
in nurses is high, with an incidence of 90.2% [4]. To our
knowledge, no study has assessed the morphological and
structural changes of lumbar extensor and flexor muscles
in young nurses with CBNLBP. The purpose of this study

bar extensor and flexor muscles, using the lumbar spine
magnetic resonance imaging (MRI) in young nurses with
CBNLBP.

Methods

Study Participants

The MRI data of 58 female nurses with CBNLBP and
60 healthy female controls (HC) from Sir Run Run Shaw
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Fig. 1. A flowchart of the study population.

Hospital were retrospectively analyzed (Fig. 1). The du-
ration of pain symptoms was >3 months for nurses with
low back pain. The age range was 23-36 years, and the
mean was 30.43 £ 3.87 years. Lumbar spine MRI was
performed for CBNLBP symptoms of the patients, with no
history of tumor, infection, trauma, spinal stenosis, lumbar
disc degeneration or herniation, nerve root compression or
displacement, spine deformities, lumbar spine surgery and
other definite pathological changes (Table 1). A total of 60
female HC were selected from the healthcare center of Sir
Run Run Shaw Hospital, with an age range of 23-35 years
and a mean age of 29.33 4 3.28 years. Magnetic resonance
(MR) affected by the participant’s motion artifacts was ex-
cluded (Table 2). All nurses and HC were from southern
China. The participant baseline characteristics such as age,
weight, height, and body mass index (BMI) have no signifi-
cant differences between the two groups (p > 0.01, Table 3).

MRI Procedure

MR images were obtained using 1.5T GE Signa Ex-
cite HD scanner (Model 5116201, GE Healthcare, General
Electric Company, Milwaukee, Wisconsin, USA), and all
participants were positioned supine in the MRI device. A
sponge pad was placed below the participant’s knees, bend-
ing the hips and knees slightly to keep the lumbar spine neu-
tral, ensuring that the participant was lying symmetrically
with weight evenly distributed across both sides. Axial T2-
weighted MR images were taken parallel to the lumbar IVD
space and perpendicular to the lumbar extensor and flexor
muscle from L2-L3 to L5-S1, and the images were stored
in Digital Imaging and Communications in Medicine (DI-
COM) format.

Measurement and Calculation

Two radiologists, blinded to all demographic and clin-
ical details of the participants, made all the measurements.
The CSA of each lumbar extensor, flexor muscle and IVD,
and each muscle’s mean MRI signal intensity were quan-
titatively measured from L2-L3 to L5-S1 by creating a
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region of interest (ROI). The measured lumbar extensor
muscle included the multifidus (MF), erector spinae (ES),
and the lumbar flexor muscle included the psoas mus-
cle (PM) (Fig. 2). Lumbar extensor and flexor muscle
CSA/IVD CSA ratio = lumbar extensor or flexor muscle
cross-sectional area/intervertebral disc cross-sectional area,
based on the calculation method reported by Park JH ef al.

[5].

flexor

extensor

Fig. 2. Axial T2-weighted MR image demonstrating measure-
ment of the MRI signal intensity and the CSA of different
LPSM and IVD by creating ROIs. Note: CSA, cross-sectional
area; LPSM, lumbar paraspinal muscle; PM, psoas muscle; ES,
erector spinae; MF, multifidus; IVD, intervertebral disc; ROI, the

region of interest.

Statistical Analysis

All statistical analyses were performed using SPSS
version 26 (SPSS Inc., Chicago, IL, USA). The data were
expressed as means =+ standard deviation. The lumbar ex-
tensor or flexor CSA/IVD CSA ratio and MRI signal inten-
sity between nurses and HC were compared by independent
samples ¢-test, and a p value < 0.01 was considered statisti-
cally significant. In addition, each mean MRI signal inten-
sity of lumbar extensor (ES, MF) or flexor (PM) muscles
in nurses at different anatomical segments from L2-L3 to
L5-S1 was also compared, and one-way ANOVA analyzed
the mean MRI signal intensity between muscles in nurses
with multiple comparisons.

Results

There was no significant difference in lumbar exten-
sor and flexor muscle CSA/IVD CSA ratio between the HC
(Fig. 3a) and nurses (Fig. 3b), p > 0.01 (Table 4). The lum-
bar extensor and flexor muscle mean MRI signal intensity
of nurses was significantly higher than those of the HC, p
< 0.01 (Table 4). The mean MRI signal intensity of the
extensor muscle (MF and ES) increases slowly from L2-
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Table 1. Inclusion and exclusion criteria for the chronic bilateral non-specific low back pain (CBNLBP) group.

Inclusion criteria for the CBNLBP group

Exclusion criteria for the CBNLBP group

Young females aged 20~40 years were selected with a history of 1.

chronic bilateral low back pain (>12 months), pain in the low ba-
ck below the level of T12 and no lower than the buttock line.

History of tumor, infection, osteoporosis, trauma, spinal stenosis,

radicular syndrome, cauda equina syndrome, lumbar disc degeneration
or herniation, nerve root compression or displacement, spondylolis-

thesis, radicular pain, radiculopathy, spine deformities, lumbar spine

surgery and other definite pathological changes.

2. MR images that were affected by the participant’s motion artifacts.

Table 2. Inclusion and exclusion criteria for the healthy controls.

Inclusion criteria for the healthy controls

Exclusion criteria for the healthy controls

Young females aged 20~40 years were selected from the

healthcare center, with no history of low back pain.

1. History of low back pain
2. History of tumor, infection, osteoporosis, trauma, spinal stenosis, radic-

ular syndrome, cauda equina syndrome, lumbar disc degeneration or hernia-

tion, nerve root compression or displacement, spondylolisthesis, radicular pain,

radiculopathy, spine deformities, lumbar spine surgery and other definite patho-

logical changes.

3. MR images that were affected by the participant’s motion artifacts.

Table 3. Participant baseline characteristics.

Demographics CBNLBP HC t-value p-value
Gender (female) 58 60

Age (years) 30.43 +3.87 29.33 +£3.28 1.67 0.10
Height (m) 1.63 + 0.05 1.63 +0.05 0.68 0.50
Weight (kg) 56.90 +4.57 5592 +4.61 1.16 0.25
Body mass index (kg/m?) 2136 +£1.02 21.16 & 1.15 1.03 0.30

Note: CBNLBP, chronic bilateral non-specific low back pain; HC, healthy control.

Table 4. Comparison of LPSM CSA/IVD CSA ratio and MRI signal intensity in nurses with CBNLBP versus HC.

LPSM CSA/IVD CSA ratio MRI signal intensity
Variable nurses (n=58) HC (n=60) t-value p-value nurses (n=58) HC (n=60) t-value  p-value
MF 0.48 £+ 0.08 0.49 £ 0.05 0.70 0.49 137.78 +28.16  107.47 £ 28.12 5.85 0.00
ES 0.82 +0.12 0.85 +0.17 1.08 0.28 134.83 +28.74  100.35 + 16.54 8.02 0.00
PM 0.61 +0.10 0.62 £+ 0.06 0.22 0.82 86.43 +21.35 77.24 + 15.00 2.71 0.00

Note: CBNLBP, chronic bilateral non-specific low back pain; LPSM, lumbar paraspinal muscle; CSA, cross-sectional area;

IVD, intervertebral disc; HC, healthy control ; MF, multifidus; ES, erector spinae; PM, psoas muscle.

L3 to L4-L5, there were no significant differences between
adjacent levels, but the MRI signal intensity of the extensor
muscle (MF and ES) between L4-L5 and L5-S1 were signif-
icant differences. On the other hand, the MRI signal inten-
sity of the flexor muscle (PM) from L2-L3 to L5-S1 showed
no statistical significance between adjacent levels (Fig. 4).
The lumbar extensor and flexor muscle fatty infiltration was
higher and closer to the spine. There was fatty infiltration
along the tendons and fascia (Fig. 3b). The fatty infiltration
of extensor muscle (ES, MF) was significantly higher than
that of flexor muscle (PM), p < 0.01 (Figs. 3b,5), with a
symmetric distribution.

Discussion

CNLBP is a common condition, but etiology remains
poorly understood. Previous studies on low back pain gen-
erally focused on lumbar disc degeneration or herniation,
nerve root compression or displacement, facet joints, ver-
tebral plate and high-intensity zone [6,7]. The changes of
lumbar extensor and flexor muscles in young nurses with
CBNLBP have been rarely reported. Gross anatomical
manifestations of muscle degeneration are mainly fatty in-
filtration and muscle atrophy. However, the sequence of
fatty infiltration and muscle atrophy occurrence, and the
distribution characteristics of fatty infiltration have not been
studied. The relationship between muscle degeneration and
CBNLBP in nurses is unknown. Morphological informa-
tion on lumbar extensor and flexor muscles can be obtained
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HC. muscle atrophy (—). fatty infiltration (—)
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Nurse, muscle atrophy (—), fatty infiltration (+)

Fig. 3. Comparison of axial T2-weighted MR images of lumbar paraspinal muscles between healthy controls and CBNLBP. (a)

Lumbar paraspinal muscle of healthy control. (b) The MRI signal intensity of the extensor muscle was significantly higher than that of
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Fig. 4. The MRI signal intensity of MF, ES and PM at each
anatomical segment from L2-L3 to L5-S1 in nurses. Note: MF,

multifidus; ES, erector spinae; PM, psoas muscle, **p < 0.01.
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Fig. 5. The MRI signal intensity in LPSM of nurses. Note,
LPSM, lumbar paraspinal muscle; MF, multifidus (137.78 +
37.57); ES, erector spinae (134.83 + 45.26); PM, psoas muscle
(86.43 + 24.66); **p < 0.01. NS, Not significant.
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indicates no muscle atrophy or fatty infiltration, “+” indicates muscular atrophy or fatty infiltration.

by ultrasound, computed tomography and MRI, of which
MRI seems to be the optimal imaging method to evaluate
the morphology and composition of lumbar extensor and
flexor muscles.

Lumbar Extensor and Flexor Muscle CSA/IVD CSA
Ratio

Generally, height and weight are related to muscle
mass, and taller people have longer bones and muscles.
Similarly, heavier people need more muscle mass to ex-
ercise than thinner people [8]. In several previous studies
[6], only CSA of the lumbar paraspinal muscle was mea-
sured without considering the participant’s weight, which
could easily lead to a statistical deviation between people
with different body weights. However, in the present study,
the lumbar extensor and flexor muscle CSA/IVD CSA ratio
was used to objectively and scientifically interpret the size
of lumbar extensor and flexor muscles, which can avoid the
biases caused by the differences in body weights, which was
similar to a previous report [5]. Some reports exist on low
back pain in middle-aged and older adults [2,3]. Degenera-
tive muscle composition is characterized by reduced muscle
CSA and increased fatty infiltration [6]. The underlying bi-
ological process of muscle atrophy is thought to result from
disuse [9]. Some health conditions (such as fractures and
coma) can lead to long-term skeletal muscle inactivity, re-
sulting in muscle atrophy [10]. The present study found no
difference in lumbar extensor and flexor muscle CSA/IVD
CSA ratio between the HC (Fig. 3a) group and the nurses
(Fig. 3b) with CBNLBP (Table 4), which may be due to sev-
eral reasons. First, the nurses in this study were all young,
and lumbar extensor and flexor muscle atrophy was related
to symptom duration. Hence, the CBNLBP duration was
not long enough to cause structural changes. Second, in the
early stage of CBNLBP, the degree of fatty infiltration is
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greater than the degree of muscle atrophy. Hence, fatty in-
filtration fills the space of muscle atrophy, resulting in no
significant atrophy of total muscle CSA. Third, many previ-
ous studies [6] did not consider the difference in individual
body weights and only used CSA, which may lead to bias in
research results. Fourth, muscle atrophy occurs after mus-
cle fatty infiltration. Prolonged skeletal muscle inactivity
results in muscle atrophy [10]. While the labor intensity of
young nurses was higher, lumbar extensor and flexor mus-
cle fatty infiltration occurred without muscle atrophy, and
the underlying mechanism remains unclear. A decrease in
skeletal muscle mass is associated with aging. Janssen et
al. [8] reported that skeletal muscle mass decreases after 50
years of age. Our study subjects were young nurses, with a
mean age of 30.43 £ 3.87 years, which may also be one of
the reasons for the non-atrophy of the lumbar extensor and
flexor muscles.

Lumbar Extensor and Flexor Muscle Fatty
Infiltration and Its Spatial Distribution

Various methods have been described in the litera-
ture to quantify lumbar paraspinal muscle fatty infiltration.
Each study used slightly different measures to define fatty
infiltration. Zhang Y et al. [11] defined the assessment
of paraspinal muscle fatty infiltration as <50%, 50%, and
>50%, respectively. MRI signal intensity was used as an
indicator of fatty infiltration in some studies [7,12]. Fatty
infiltration by MRI can be seen by the naked eye (Fig. 3b).
MRI can objectively and quantitatively assess the fat con-
tent in the lumbar extensor and flexor muscles. Higher
MRI signal intensity reflects higher fat content of paraspinal
muscle [7]. Therefore, in this study, the mean MRI signal
intensity was also used as an indicator to evaluate the de-
gree of lumbar extensor and flexor muscle fatty infiltration.
Lumbar paraspinal muscle fatty infiltration is spatially dis-
tributed [12]. However, to our knowledge, fatty infiltra-
tion spatial distribution of lumbar extensor and flexor mus-
cles at the transverse plane of the MRI anatomy has not
been studied. In this study, the fatty infiltration of lumbar
extensor and flexor muscles was found to be more obvi-
ous closer to the vertebral body, and fatty infiltration was
distributed along the fascia, with an uneven distribution
(Fig. 3b). The MRI signal intensity of lumbar paraspinal
muscle of nurses (Fig. 3b) was significantly higher than that
of the HC (Fig. 3a) group (Table 4). The mean MRI sig-
nal intensity of the extensor muscle (MF and ES) increases
slowly from L2-L3 to L4-L5, there were no significant dif-
ferences between adjacent levels, but the MRI signal inten-
sity of the extensor muscle (MF and ES) between L4-L5
and L5-S1 were significant differences. Our study results
are similar to those reported in the literature [6]. The degree
of fatty infiltration in the extensor muscle (ES, MF) was
significantly higher than that in the flexor muscle (PM) in
nurses (Figs. 3b,5). There was no significant difference in
the degree of fatty infiltration between the extensor muscle
(ES, MF) in nurses (Figs. 3b,5).

Possible Causes of Lumbar Extensor and Flexor
Muscle Fatty Infiltration

The etiology of lumbar extensor and flexor muscle
fatty infiltration is unclear. Fatty infiltration is associ-
ated with fat accumulation in the muscle compartment.
Low back pain is often strongly associated with lumbar
paraspinal muscle fatty infiltration in adults [2]. Intramus-
cular adipose tissue is associated with decreased muscle
metabolic activity in people with chronic low back pain
(CLBP) [3]. Fat is stored in adipose, vertebral marrow and
skeletal muscle, and excess infiltration of skeletal muscle
is associated with reduced muscle activity [3]. An increase
in fat content is reported to be caused by the disuse of the
lumbar paraspinal muscle [13]. Lumbar paraspinal muscle
fatty infiltration is related to age [13]. However, the rea-
sons for muscle fatty infiltration in young people, especially
nurses with a heavy workload, remain unclear. The present
study also showed a significant difference in lumbar ex-
tensor and flexor muscle fat content between young nurses
with CBNLBP and HC. However, no difference in lumbar
extensor and flexor muscle CSA/IVD CSA ratio (Table 4)
(Fig. 3b). The lumbar paraspinal muscle fatty infiltration in
young nurses may not be due to disuse but other causes.

Clinical Significance of Lumbar Extensor and Flexor
Muscle Fatty Infiltration

As dynamic stabilizers of the lumbar spine, the
paraspinal muscles have drawn increasing attention. Any
pathological changes affecting them may alter the biome-
chanics of the spine, leading to backache. Danneels LA, et
al. [13] suggested that lumbar paraspinal muscle degener-
ation is a common feature of CLBP. Macroscopically, this
muscle degeneration is characterized by a reduction in mus-
cle CSA and increased fat content of the lumbar paraspinal
muscle [13]. Decrease in muscle CSA occurs simultane-
ously with the increase in fatty infiltration [6]. Previous
studies on reduced muscle CSA and increased fatty infiltra-
tion [13] did not report the sequence of occurrence of these
two conditions. Moreover, previous studies mainly focused
on middle-aged and older people [2,3]. However, there are
no studies on young people or young nurses with a high inci-
dence of low back pain. The present study (Table 4) showed
no significant change in CSA among young nurses with
CBNLBP compared to the HC group, but the fat content
was significantly higher than the HC group. The lumbar
extensor and flexor muscle fatty infiltration in nurses with
CBNLBP may change prior to CSA change. The amount
of intramuscular fat in the lower lumbar segments was pre-
viously reported to be significantly increased in MF and
ES compared with the upper lumbar segments [6], which is
consistent with our findings (Fig. 4). The increase in lum-
bar extensor and flexor muscle fatty infiltration may lead
to lumbar dysfunction. CLBP patients reduce their phys-
ical activity as a protective mechanism, which may result
in lumbar extensor and flexor muscle fatty infiltration. In-
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creased intramuscular fat reduces the proportion of contrac-
tile tissue capable of producing force and may affect the
muscle contractile force stabilizing the spine. A specific
muscle-strengthening exercise program has been reported
to reduce pain and improve spinal stability. This program
may also improve the strength, density, and CSA of lumbar
extensor and flexor muscle in subjects with CLBP and pre-
vent severe muscle fatty infiltration [2]. Rehabilitation ther-
apy may be more effective if there is no change in lumbar
extensor and flexor muscle CSA/IVD CSA ratio, which has
major clinical significance in guiding the rehabilitation of
CBNLBP patients. In this study, lumbar extensor and flexor
muscle fatty infiltration was found in nurses with CBNLBP
without degeneration of the lumbar spine and IVD. We hy-
pothesize that lumbar extensor and flexor muscle fatty infil-
tration may occur prior to degeneration of the lumbar spine
and IVD.

Study Limitations

There are some limitations to this study. First, as a
preliminary study, our sample size was small. Second, the
physical activity levels of young nurses are not easy to as-
sess and consider. Finally, experiencing CBNLBP varies
from person to person.

Conclusions

MRI was used to analyze the lumbar extensor and
flexor muscle CSA/IVD CSA ratio and mean MRI signal
intensity in young Chinese nurses with CBNLBP. The re-
sults showed that nurses with CBNLBP have lumbar ex-
tensor and flexor muscle fatty infiltration without atrophy,
which mainly occurred in the extensor muscle (ES, MF).
The fatty infiltration distribution was centered on the fascia
at the lower lumbar segments and gradually spread periph-
erally. The lumbar extensor and flexor muscle fatty infil-
tration was higher near the spine (Fig. 3b) and may be as-
sociated with low back pain. We hypothesize that muscle
fatty infiltration may occur before muscle atrophy.
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