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  Abstract 
Lumbar paravertebral muscle degeneration is common in clinic, affecting pa-
tients' daily lives and lowering their quality of life. Related research shows 
that the occurrence and development of degenerative diseases of lumbar spine 
are closely related to the degeneration of paraspinal muscles. With the wide 
application of imaging technology in disease diagnosis, core imaging tech-
nologies such as ultrasound, CT, and MRI are playing an increasingly impor-
tant role in the diagnosis and treatment of lumbar spine diseases. Understand-
ing the subtle imaging features of the disease can help doctors diagnose it ear-
ly and potentially prevent complications. As a result, this paper examines the 
research progress of various imaging parameters and indexes in evaluating 
lumbar paravertebral muscle degeneration. 
 
Keywords 
Imaging parameters, Lumbar paravertebral muscle degeneration 

 
The paravertebral muscles maintain the spine's stability and motor function and have a significant influence on 

its arrangement. Currently, when studying paraspinal muscle degeneration, we focus on multifidus, erector spinae, 
and psoas major from the perspectives of lumbar diseases and surgical prognosis. The main cause of paravertebral 
muscle degeneration is a change in muscle quality and quantity, which is frequently manifested as muscle atrophy 
and fat infiltration. The former refers to muscle fiber changes and a decrease in muscle mass, whereas the latter 
refers to a change in muscle composition. Image evaluation of paravertebral muscle degeneration and lumbar dis-
eases has been reported by researchers both at home and abroad in recent years. However, because of the disparities 
in imaging techniques, image acquisition parameters, and patient conditions, the evaluation system cannot be uni-
fied, making it difficult to compare research results. Based on recent imaging technology research in the diagnosis 
and treatment of musculoskeletal diseases, this paper analyzes the application of common imaging indexes, namely 
the cross-sectional area of paraspinal muscle, muscle density, and fat infiltration degree, and combines them with 
new imaging indexes to evaluate lumbar paraspinal muscle degeneration, and compares the application scope, ad-
vantages, and disadvantages of different imaging parameters. 

1. Related overview 
Ultrasound, which has the advantage of non-invasive real-time visualization of muscle tissue and evaluation of 

muscle morphological structure, is widely used in clinic, reflecting fat infiltration and fibrosis of the affected mus-
cles. CT can be used to examine intracranial lesions, neck diseases, spine, limbs, chest, and other diseases. Sarco-
penia can be assessed using a CT scan to measure skeletal muscle area (SMA), index (SMI), and mean radiation 
attenuation (smra). Measuring SMI and skeletal muscle density (smd) using predefined CT thresholds has also 
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emerged as a potential tool for determining cancer prognosis, which is critical for determining the scope and me-
thods of treatment. MRI (Magnetic Resonance Imaging) is magnetic resonance imaging. It is based on the atomic 
nucleus with magnetic distance, which is stimulated by a magnetic field to generate transitions between energy le-
vels. After a series of operations, the inspection results are obtained, which has high application value for the diag-
nosis of degenerative diseases. It has the advantage of not using ionizing radiation and has good visualization capa-
bilities, especially in soft tissues. The most significant advantage of MRI (magnetic resonance imaging) is the abil-
ity to obtain images via horizontal and sagittal three-dimensional scanning, as well as various sequences and imag-
ing techniques. It can assess the relationship between the position, direction, shape, and size of the nucleus pulposus 
and the nerve roots of an intervertebral disc herniation in intervertebral disc diseases. Myelography is not as sensi-
tive as MRI in the diagnosis of lumbar disc herniation, according to researchers, and the positive rate of MRI is 
higher [1]. Compared with traditional imaging methods, it has obvious advantages. Scholars found that in the diag-
nosis of lumbar disc herniation, myelography is not as sensitive as MRI, and the positive rate of MRI is higher. 

2. Application of different imaging parameters in evaluating lumbar paravertebral muscle 
degeneration. 
2.1 Paravertebral muscle cross-sectional area 

The cross-sectional area (CSA) of paraspinal muscle can quantitatively reflect the degree of paraspinal muscular 
atrophy. Clinically, the cross-sectional area of paraspinal muscles is generally used to evaluate the strength of lum-
bar muscles. Studies have shown that the CSA volume of the paraspinal muscles decreases, and the axial rotation 
and scoliosis of the spine decrease, the imbalance of muscle strength caused by paravertebral muscle atrophy can 
lead to unbalanced movement of the spine.  

Total CSA (tCSA), functional CSA (FCSA), FCSA/ total CSA, fat CSA/ total CSA, and CSA asymmetry are all 
cas markers of paraspinal muscles. Total CSA includes lean muscle components and adipose tissue; FCSA is the 
pure muscle area excluding intramuscular fat. When determining whether the paravertebral muscle degenerates, it 
is not sufficient to consider only the CSA of the paravertebral muscle, but also the fat infiltration of the paraverte-
bral muscle. FCSA/tCSA is defined as the functional cross-sectional area relative to the total cross-sectional area of 
paraspinal muscles [2], which can be used to assess the degree of fat infiltration in muscles while controlling for 
individual differences [3]. Total CSA and FCSA/tCSA can be used to evaluate lumbar spine degenerative diseases 
and the prognosis of lumbar surgery [4]. MRI, CT, and ultrasound can all be used to assess CSA.  

2.2 Muscle density 

In general, CT value is frequently used to assess muscle density. The psoas major muscle in the paraspinal mus-
cle group is the core muscle that can reflect the state of the whole body skeletal muscle [5], so it can be estimated 
by measuring the density (psd) of the psoas major muscle in cross-sectional CT images [6], which can not only 
quantify but also evaluate skeletal muscle quality by measuring smd [7].  

(1) Measuring tools. 
Compared with ultrasound and MRI, CT has incomparable advantages in measuring muscle density because CT 

is extremely sensitive to the proton content in adipose tissue. Goodpaster et al. believed that the attenuation of CT 
values of psoas major and erector spinae had a good consistency with the increase of muscle fat content. Compared 
with muscle biopsy, the CT value decreased by 1HU for every 1g/100ml increase in lipid concentration. In addition, 
after a series of studies, CT measured the muscle density of different paraspinal muscles with good consistency and 
low variability. 

(2) Measurement method. 
The researcher can obtain a more representative muscle density from the ROI in the muscle to be measured. 

There are large differences in the measurement methods in the selection of assessment areas and levels. For the se-
lection of ROI, Hicks et al. measured the average density of the entire muscle; Kalichman et al. measured the CT 
value of a small area of interest in the center of the muscle. During the research, small circles of 5-6mm can be used 
to take values at different parts of the muscle center for many times, but it is necessary to ensure that there is no 
adipose tissue visible to the naked eye in the circle. Different from the above measurement methods, Kalichman  
et al. used the highest value of the three measurements to represent muscle density during the study, and Abbas et al. 
calculated the average of the three measurements, namely muscle center, medial and lateral. The average value of 
the edge parts. 
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2.3 Fat infiltration 

Fat infiltration (FI) is the replacement of muscle by adipose tissue, which is an important indicator of paraspinal 
muscle degeneration and may be related to muscle strength and endurance loss [8]. Lipids are stored between mus-
cle groups or inside muscles in the form of intramuscular fat cells, which can be detected using CT and MRI. The 
remaining portion is stored as lipid droplets in muscle cells [9]. Most researchers believe that FI is linked to muscle 
weakness and poor flexion and extension function, and that it is linked to lumbar degenerative diseases like low 
back pain, disc herniation, fibrous ring fissure, and spondylolisthesis. Simultaneously, multi-segment FI measure-
ment in diseased and adjacent segments can be used as a prognostic indicator for lumbar surgery [10]. MRI soft 
tissue has a high resolution and is widely used to measure muscle fat infiltration, and its T2-weighted image is fre-
quently used to quantify FI [11]. Muscle-fat index (mfi), MRI signal intensity, and CT value are all indicators based 
on signal intensity. MFI is an abbreviation for the average signal intensity of pure muscle tissue. mfi-MRI/average 
signal intensity of intermuscular adipose tissue, in order to reduce differences between testers and measuring tools, 
and the resulting data are superior to MRI signal intensity and CT value. Most scholars believe that FI is related to 
decreased muscle strength, poor flexion and extension function, and found that FI is related to lumbar degenerative 
changes such as low back pain, intervertebral disc herniation, annulus fibrosus fissure and spondylolisthesis during 
the research process. At the same time, multi-segment measurement The FI of the diseased segment and adjacent 
segments can be used as a prognostic indicator for lumbar spine surgery. In recent years, a water fat MRI based on 
chemical shift coding has been used for noninvasive quantitative evaluation of fat and water signals in various parts 
of the human body [12], and a chemical shift coding sequence (ideal-iq) can be used to obtain high-resolution and 
high-precision proton density fat fraction (PDFF) results [13]. Recently, multi-echo time quantitative chemical shift 
coding magnetic resonance imaging (CSE-MRI) with multimodal fat model has been used to non-invasively quan-
tify PDFF by correcting T2* attenuation with low flip angle (minimizing t1 bias) and multi-echo technology [14]. 
The findings are consistent with Mr Pope's (mrs) [15]. PDFF can be regarded as a predictor of evaluating the 
strength of extensor dorsi [16]. 

3. The clinical significance of imaging in paravertebral muscle evaluation. 
With the advancement of imaging technology, more and more studies are being conducted to analyze and meas-

ure the imaging indexes of paraspinal muscles in patients with various diseases, as well as discuss their clinical sig-
nificance. Boissiere et al. [17] used MRI three-dimensional reconstruction technology to calculate paraspinal mus-
cle volume and discovered that there was no obvious correlation between age and paraspinal muscle volume. Al-
though the results were different from the traditional MRI method, it was a new technology, and its credibility 
needed to be supported by ongoing research and demonstration. Seongeun byun [18] and colleagues performed a 
CT scan on 494 patients with hip fractures, measured pca at the l4-l5 intervertebral disc level, and analyzed the re-
sults statistically. The study pointed out that the cross-sectional area of psoas major muscle (pca) may be used as a 
diagnostic tool for sarcopenia and a prognostic indicator for patients with cirrhosis, cancer and other specific dis-
eases [19], and determined the possibility of using pca as a diagnostic tool and prognostic predictor for patients 
with brittle hip fracture with sarcopenia. According to Michael j. englesbe et al. [20], low psoas major muscle mass 
is associated with mortality after liver transplantation, mortality after open aortic aneurysm repair, and cortisol level. 
As a result, imaging diagnosis of sarcopenia is critical to the prognosis of various diseases and the formulation of 
treatment plans. 
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