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Abstract 

Background:  The quality of the paraspinal muscles has been recommended as a surrogate marker for the evalua-
tion of the severity of the lumbar degenerative diseases (LDD). The purpose of this study is to determine the age- and 
sex-dependent differences in the morphology and composition of the paraspinal muscles between LDD and asymp-
tomatic subjects.

Methods:  We analyzed data from 370 patients and 327 asymptomatic volunteers aged between 18–85 years. The 
measurement of the cross-sectional area (CSA) of the erector spinae, multifidus, and psoas at the L4/5-disc level was 
performed by the magnetic resonance imaging (MRI). The fatty infiltration ratio (FI %) of the multifidus and erector 
spinae was calculated.

Results:  FI % of the lumbar paraspinal muscles were significantly and positively correlated with the severity of LDD 
instead of the CSA. Males had greater CSA than females, and females showed higher FI % than males in the paraspi-
nal muscles. With the increase of age, the CSA of the lumbar paraspinal muscles gradually decreased, and the psoas 
showed the most significant decreasing trend. However, the FI % gradually increased in both LDD and asymptomatic 
groups with aging.

Conclusion:  Age- and sex-dependent differences were found in the morphology and composition of the paraspinal 
muscles between subjects with and without LDD. Further long-term follow up investigations and basic studies will 
continue to confirm the natural history of the paraspinal muscles with aging and their association with LDD.

Keywords:  Paraspinal muscles, Low back pain, Lumbar degenerative disease, Asymptomatic subjects, Age- and sex-
dependent differences
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Introduction
Low back pain (LBP) is a prevalent complaint among the 
elderly, which is a significant cause of years lived with 
disability worldwide [1]. Furthermore, both the medical 

and the non-medical costs associated with LBP are very 
high. Intervertebral disc degeneration has long been a 
leading candidate in the development of spinal diseases 
[2]. Endean et al. identified disc degeneration, nerve root 
compression, and hyperintensity zones on the magnetic 
resonance imaging (MRI) as predictors of LBP [3]. Evi-
dence from other studies suggested that disc herniation 
and chronic LBP patients showed atrophy of the spinal 
muscles and infiltration of fatty tissues [4, 5]. Fortin et al. 
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clarified that the morphology and fatty infiltration of the 
multifidus and psoas is associated with patients’ func-
tional status and symptoms [5]. Jermy et al. found a trend 
for better outcomes following surgery if pre-operative 
multifidus quality is better [6].

The lumbar paraspinal muscle plays a critical role in 
maintaining the coronal and sagittal alignment [7, 8]. 
Kang et  al. [9] observed that the paraspinal muscle vol-
ume reduces the pressure exerted on the lumbar spine. 
By strengthening the paraspinal muscles, the pressure on 
the lumbar spine can be reduced, and in previous stud-
ies, it has been found to have pain-relieving properties [9, 
10]. Thus, the atrophy resulting from sarcopenia and fatty 
infiltration of the paraspinal muscles is a cause of disc 
degeneration [5]. Recent studies have also demonstrated 
that fatty infiltration in multifidus and reduced cross-
sectional area (CSA) in psoas may contribute to lower 
functional performance in patients with lumbar spinal 
stenosis [5, 11]. Additionally, aging is a cause of sarcope-
nia, which has been recognized with severer functional 
disability in patients [12, 13]. In patients with lumbar 
degenerative diseases (LDD), MRI-based evaluation of 
the paraspinal muscles has been recommended as a sur-
rogate marker [14, 15]. In previous studies, they found 
that the CSA of the paraspinal muscles are greater among 
males than females. However, very few imaging studies 
have examined the differences in the morphology and 
composition of the paraspinal muscles in LDD subjects 
with different ages and sexes. Specifically, most attention 
has been directed at the multifidus instead of at the erec-
tor spinae and the psoas [4–7, 11, 15].

The aims of this study are therefore to determine the 
age- and sex-matched differences in the morphology and 
composition of paraspinal muscles (the multifidus, the 
erector spinae, and the psoas) between subjects with and 
without LDD.

Materials and methods
Participants
This retrospective cross-sectional study was approved by 
the institutional review board of Xuanwu Hospital Capi-
tal Medical University. All investigations were carried out 
in accordance with the relevant guidelines and in accord-
ance with the Declaration of Helsinki. Informed consent 
was obtained from all subjects prior to the enrollment 
of the relevant data and publication of identifying infor-
mation/images in an online open-access publication. 
Two spinal surgeons diagnosed LDD based on the chief 
complaint, clinical examinations, and radiological data 
of patients. The medical records of patients with LDD 
(including lumbar disc herniation, lumbar spinal steno-
sis, and lumbar spondylolisthesis) who were between 18 

and 85 years old and underwent lumbar decompression 
and fusion surgery between January 2020 and January 
2022, were retrospectively reviewed. Patients with neu-
rological, respiratory, circulatory diseases, lumbar ver-
tebral compression fractures, scoliosis, neuromuscular 
diseases or previously undergone spinal surgery were 
excluded [5, 8]. Asymptomatic subjects without LDD 
between the ages of 18 and 85 years were recruited if they 
had no current and history of LBP in the past year. The 
exclusion criteria including lumbar fracture, scoliosis, 
neuromuscular disease, malignancy, or history of spinal 
surgery [16]. All participants including LDD and asymp-
tomatic were grouped by sex and age (18–39, or 40–59, 
or ≥ 60 years old).

Magnetic resonance imaging
All MRI scans were performed using the 3.0-T scanners 
(Avanto, Siemens Healthiness, or Signa, GE Healthcare). 
T2W axial MR images were acquired at the intervertebral 
disc (IVD) level parallel to the disc from L1–L2 to L5–S1. 
There were three 4-mm-thick slices of image, including 
the inferior endplate of the upper vertebra, the middle of 
IVD, and the superior endplate of the lower vertebra. In 
this study, the inferior endplate of the upper vertebra at 
L4-L5 disc level was used to acquire the muscle measure-
ments. DICOM formatted MR images were downloaded 
for analysis [17].

Paraspinal muscle parameters
The measurement of the CSA in paraspinal muscles 
(the multifidus, the erector spinae, and the psoas major) 
and fatty infiltration ratio (FI %) in the multifidus and 
the erector spinae were performed by MR images. The 
image-processing software platform (Image J, National 
Institutes of Health, Bethesda, MD) was used to trace 
out the boundary of the multifidus, erector spinae, and 
psoas (Fig. 1) [15, 18]. FI% was calculated using threshold 
technique [8]. We randomly selected 100 MR images for 
two experienced orthopedic surgeons to assess the inter-
observer reliability. For evaluating intra-observer reliabil-
ity, one month after the first measurements of selected 
images, the second evaluation was conducted again by 
the same observer. The ICCs were 0.96 for inter-observer 
reliability and 0.97 for intra-observer reliability.

Statistical analysis
All statistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS, version 
26.0, SPSS, Inc, Chicago, IL, USA). Data normality 
was tested using the Shapiro–Wilk test and variability 
using the Leneve test. Descriptive statistics of CSA and 
FI % of the paraspinal muscles were expressed as the 
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mean and standard deviation (SD) or the median (1st 
quartile, 3rd quartile). Independent-samples T test or 
Mann–Whitney U test were used to compare the differ-
ences of CSA and FI % between sex- and age-matched 
groups for continuous variables. A P value below 0.05 
was considered to indicate a statistically significant dif-
ference [5].

Results
The baseline characteristics of LDD patients 
and asymptomatic
Table  1 shows the baseline characteristics of LDD 
patients and asymptomatic subjects. There was no sig-
nificant difference in sex (173 [46.76%] VS 160 [48.93%], 
p = 0.567) and BMI (25.70 [23.44, 28.07] VS 25.26 [21.97, 
29.10], p = 0.200) between two groups. The age of LDD 

group significantly greater than that of the asymptomatic 
group (62 [46, 69] VS 44 [34, 61], p < 0.001*).

The differences in the CSA and FI % of the paraspinal 
muscles among the different age strata and sex in the LDD 
and asymptomatic groups
A total of 370 LDD patients (male 173, female 197) and 
327 (male 160, female 167) asymptomatic volunteers 
were enrolled. Table 2 shows the differences in the CSA 
and FI % of the paraspinal muscles among the different 
age strata and sex in the LDD and asymptomatic groups. 
With the increase of age, the CSA of the lumbar paraspi-
nal muscles gradually decreased, and the FI % gradually 
increased in both groups. Psoas showed the most signifi-
cant decreasing trend in CSA with an advancing age in 
all muscles, followed by erector spinae and multifidus. 
Compared to the erector spinae, the multifidus showed 
a greater fat infiltration. In addition, males had greater 
CSA and lower FI% than females in the paraspinal mus-
cles (Fig. 2).

The differences in the CSA and FI % of the paraspinal 
muscles between LDD and asymptomatic groups 
in different strata and sex
The differences in the CSA and FI % of the paraspinal 
muscles between the LDD and the asymptomatic groups 

Fig. 1  The measurement of multifidus, erector spinae, and psoas

Table 1  The baseline characteristics of LDD patients and 
Asymptomatic

BMI Body mass index
*  Statistical significance at the level of 0.05

LDD (n = 370) Asymptomatic (n = 327) P value

Age 62 (46, 69) 44 (34, 61)  < 0.001*

Male (%) 173 (46.76%) 160 (48.93%) 0.567

BMI 25.70 (23.44, 28.07) 25.26 (21.97, 29.10) 0.200
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in different strata and sex are shown in the Table 3. There 
was no significant difference in the size of the paraspi-
nal muscle cross-sectional area between the two groups. 
However, the FI % of the multifidus and erector spinae 
was significantly higher in the LDD group than that in 
the asymptomatic group among different age stages and 
sex (Fig. 3).

Results from multivariable regression models of the effect 
of demographic parameters and LDD on paraspinal 
muscles fatty infiltration.
Table 4 is the results from multivariable regression mod-
els of the effect of demographic parameters and LDD 
on the paraspinal muscles fatty infiltration. The results 
of the multiple linear regression analysis showed that 
the regression equation was significant. (F = 295.592, 

Table 2  The differences in the CSA and FI % of the paraspinal muscles among the different age strata and gender in the LDD and 
asymptomatic groups

LDD Lumbar degenerative diseases, CSA Cross sectional area, FI% Fatty infiltration rate

*Statistical significance at the level of 0.05

LDD (n = 370) Asymptomatic (n = 327)

18–39 (n = 64) 40–59 (n = 102)  ≥ 60 (n = 204) p value 18–39 (n = 130) 40–59 (n = 107)  ≥ 60 (n = 90) p value

Men Multifidus 
CSA (cm2)

21.33 ± 3.55 21.13 ± 3.08 19.64 ± 3.75 0.015* 20.31 ± 2.91 20.22 ± 2.77 18.73 ± 3.34 0.019*

Erector 
spinae CSA 
(cm2)

37.23 
(33.66 ~ 40.59)

35.51 
(29.89 ~ 39.78)

30.11 
(25.7 ~ 35.02)

 < 0.001* 34.06(29.76 ~ 37.28) 33.46(28.96 ~ 38.6) 28.59(25.77 ~ 35.92) 0.012*

Psoas CSA 
(cm2)

36.63 ± 6.48 31.57 ± 5.48 25.46 ± 5.62  < 0.001* 33.39(30.34 ~ 39.4) 30.64(26.45 ~ 36.65) 26.04(23.54 ~ 30.05)  < 0.001*

Multifidus 
FI%

19.11 
(15.99 ~ 22.24)

21.63 
(16.65 ~ 28.44)

31.74 
(27.39 ~ 36.19)

 < 0.001* 13.85(12.25 ~ 17.07) 17.76(13.16 ~ 21.26) 26.68(23.78 ~ 33.83)  < 0.001*

Erector 
spinae FI%

13.69 
(11.57 ~ 16.1)

16.69 
(12.05 ~ 22.75)

23.09 
(18.27 ~ 28.95)

 < 0.001* 10.07(7.57 ~ 12.66) 12.58(10.81 ~ 15.88) 19.96(16.43 ~ 23.61)  < 0.001*

Women Multifidus 
CSA (cm2)

17.53 ± 3.20 17.05 ± 2.91 15.98 ± 2.76 0.009* 16.78 ± 2.76 16.93 ± 2.92 16.77 ± 2.80 0.944

Erector 
spinae CSA 
(cm2)

24.74 
(23.15 ~ 29.87)

27.00 
(22.36 ~ 31.55)

25.71 
(22.36 ~ 29.57)

0.162 23.77 (20.9 ~ 28.04) 24.60 (22.89 ~ 27.65) 25.59 
(21.13 ~ 28.85)

0.313

Psoas CSA 
(cm2)

20.16 
(17.32 ~ 22.85)

19.98 
(16.85 ~ 21.69)

16.53 
(14.04 ~ 18.65)

 < 0.001* 19.88 (17.46 ~ 22.79) 18.35 (16.49 ~ 20.57) 16.04 
(13.81 ~ 19.11)

 < 0.001*

Multifidus 
FI%

25.35 
(23.1 ~ 29.76)

28.98 
(23.26 ~ 34.58)

36.66 
(32.02 ~ 41.66)

 < 0.001* 18.07(16.09 ~ 20.97) 22.68(19.84 ~ 26.93) 31.59(29.01 ~ 35.55)  < 0.001*

Erector 
spinae FI%

15.8 
(12.44 ~ 19.27)

21.25 
(16.94 ~ 26.66)

28.97 
(23.22 ~ 33.06)

 < 0.001* 11.8(9.62 ~ 14.02) 15.46(13.27 ~ 19.14) 23.72(19.27 ~ 28.94)  < 0.001*

Fig. 2  The differences in the fatty infiltration rate of the paraspinal muscles among the different age strata and sex in the LDD (lumbar degenerative 
disease) and asymptomatic groups. *Statistical significance at the level of 0.05
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p < 0.001, adjusted R2 = 0.629). Despite BMI, age, sex, 
and LDD can significantly affect the paraspinal muscles 
fatty infiltration (p < 0.001). The standardized coeffi-
cients β of age, sex, and LDD were 0.627, 0.259, and 0.234 
respectively.

Discussion
In this study, the morphology of the paraspinal mus-
cles were quantified by MRI in patients with LDD and 
asymptomatic subjects between the age of 18–85  years. 
We aimed to obtain the age- and sex-dependent muscle 
morphological differences. The population included in 

this study is a large sample of the Chinese populations 
with various age ranges. Previous studies were not based 
on such a large sample size of the Asian population. This 
study has certainly clinical significance for future studies 
on the Asian populations. These findings may indicate 
that paraspinal fat content is correlated with age, sex, and 
the severity of lumbar degeneration, which is an impor-
tant reference for future basic research.

With aging, there exist a decreasing trend in the CSA 
of the paraspinal muscles in the LDD and asymptomatic 
groups. In a cross-sectional study involving 468 par-
ticipants (aged 18–88 years) using MRI, the whole-body 

Fig. 3  The differences in the fatty infiltration rate of the paraspinal muscles between LDD (lumbar degenerative disease) and asymptomatic groups 
in different strata and sex. * Statistical significance at the level of 0.05

Table 4  Results from multivariable regression models of the effect of demographic parameters and LDD on paraspinal muscles fatty 
infiltration

BMI Body mass index, LDD Lumbar degenerative disease

*Statistical significance at the level of 0.05

B 95% CI β p value VIF Adjusted R2

Age 0.003 (0.003, 0.003) 0.627  < 0.001* 1.117 0.629

Sex 0.043 (0.035, 0.051) 0.259  < 0.001* 1.009

BMI 0.000 (-0.001, 0.001) 0.015 0.514 1.011

LDD 0.039 (0.031, 0.047) 0.234  < 0.001* 1.118
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skeletal muscle mass was found to be negatively associ-
ated with aging [19]. Murata et al. [12] conducted a lon-
gitudinal study of 1849 individuals, and determined that 
the CSA of the psoas and paraspinal muscle significantly 
decreased over a 10-year period, which was similar to the 
results of the present study. Furthermore, we found that 
the psoas showed the most significant decreasing trend 
among all paraspinal muscles. On the contrary, the FI% 
of the paraspinal muscles gradually increased with aging. 
Peng et al. used the qCT imaging to investigate 516 Chi-
nese females, and they found that the fatty infiltration 
of the paraspinal muscles increased with aging [20]. The 
erector spinae are primarily more vertical in compari-
son to the multifidus, which means that they might bear 
more pressure. This might explain why the multifidus 
showed more fatty accumulation than the erector spinae.

It is known that the condition of the paraspinal muscles 
is associated with several variables such as age, sex, and 
the physical condition. However, most previous studies 
included smaller sample sizes and did not group cohorts 
by age and sex to investigate the correlation between par-
aspinal muscles and LDD. Our study examined age- and 
sex-matched groups separately, and obtained results like 
the previous research by Crawford et al. [21]. Compared 
to asymptomatic males, they found that asymptomatic 
females displayed greater fatty infiltration and smaller 
CSA of the multifidus [21]. Sasaki et  al. also found that 
males had a greater CSA and lower FI% than females in 
the paraspinal muscles [22]. We found that these sex-
dependent differences still persisted in the LDD patients. 
These findings stress the importance that the effects of 
age and sex on paraspinal muscle morphology are criti-
cal, which should therefore be evaluated separately. Kim 
et  al. [23] investigated 100,000 individuals and dem-
onstrated the incidence of lumbar disc herniation was 
greater in women than in men, which might be explained 
by the sex-dependent difference in the morphology of the 
paraspinal muscles.

The role of the paraspinal muscles in the development 
of LDD has been recognized by number of studies. They 
suggested that the paraspinal muscles were essential to 
lumbar stabilization and movement [7, 8]. Researchers 
have found a link between multifidus and various degen-
erative diseases of the lumbar spine [5, 24–26]. Fortin 
et al. showed the fatty infiltration of the multifidus of the 
research group was significantly higher than that of the 
control group [27]. What’s more, a study found a signifi-
cant correlation between the quality of the multifidus and 
spondylolisthesis [28]. But most of them focused on mul-
tifidus, a large-scale study on the relationship between 
the erector spinae and LDD is scarce. In the present 
study, we found that there was no significant difference 
in the CSA of the paraspinal muscles between the LDD 

and the asymptomatic groups, However, no matter the 
multifidus or the erector spinae, fatty infiltration in the 
LDD group was greater than that in the asymptomatic 
group. These relationships are consistent across the dif-
ferent age- and sex-matched groups. Teichtahl et  al. 
reported that the FI% instead of the CSA was associated 
with LBP [26]. However, Agten et al. found that there was 
no difference in the CSA of the multifidus and the erector 
spinae between patients with LBP and healthy controls 
[29]. Paalanne et  al. [30] found The CSA of the erector 
spinae and multifidus did not differ between the various 
degrees of pain clusters, D’Hooge et al. [31] found no dif-
ference in multifidus CSA between individuals with LBP 
and controls. Cuellar et  al. [32] reported no association 
between muscle size and LBP in older adults in a com-
prehensive review. These results suggests that pathologic 
changes in the paraspinal muscles (decreased lean mass 
and increased fat mass) are the primary cause of lumbar 
spine degeneration while not the CSA. Though previous 
study demonstrated that patients with LBP show a reduc-
tion in CSA of the paraspinal muscle [4], however, previ-
ous meta-analysis of imaging studies using patients with 
LBP also revealed inconsistent results among studies 
[33, 34]. The different study population, measure meth-
ods, the number of included segments or the grouping 
method may lead to a systematic difference in results of 
CSA.

Multiple causes have been suggested for muscle degen-
eration [35], among which denervation might be one. 
Denervation is caused by compression or injury of the 
axons of motor neurons due to nerve compression from 
the foramen or spinal canal, which lead to atrophy of 
both fiber types with structural changes (muscle replace-
ment by fat and connective tissue) in the multifidus 
[35–38]. Yoshihara et  al. found significant decreases in 
the size of Type I (slow-twitch fibers) and Type II (fast-
twitch fibers) muscle fibers at the involved level [38]. But 
the CSA of the muscle may not decrease due to the fatty 
infiltration in the muscle bundle. Another possible rea-
son might be the disuse/muscle unloading mechanisms 
[39, 40]. Hides et al. found bed rest leads to preferential 
atrophy (decrease in the CSA) of the multifidus [39]. Bai-
ley et  al. found that multifidus structural changes differ 
between phases after IVD injury [40]. The inflammatory 
mechanisms with increased M1 macrophage proportion 
and elevated TNF expression play a critical role in regu-
lating multifidus change which characterized by fibrosis, 
fatty infiltration, muscle fiber-type transformation and 
local inflammation [41]. Using Finite-Element model, 
Kang et al. found that the lumbar paraspinal muscles can 
reduce the pressure on the intervertebral disc in lumbar 
spine [9]. According to these results, it can be stated that 
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there is an inseparable relationship between lumbar par-
aspinal muscles and LDD.

Limitations
This study has several limitations. Firstly, we measured 
the paraspinal muscles at only one level, Nevertheless, 
the reliability of the method has been confirmed by previ-
ous studies [5, 24, 42]. Secondly, the influence of exercise 
was not considered. In general, individuals who perform 
regular exercise would be expected to have greater mus-
cle mass. Finally, all our study participants were Chi-
nese and could only represent characteristics of a single 
population.

Conclusion
Age- and sex-dependent differences were found in the 
morphology and composition of paraspinal muscles 
between subjects with and without LDD. Further long-
term follow-up investigations and basic studies will con-
tinue to confirm the natural history with aging of the 
paraspinal muscles and their association with LDD.

Acknowledgements
Not applicable.

Authors’ contributions
Rufeng Huang, Fumin Pan and Shibao Lu designed the experiments. Rufeng 
Huang, Fumin Pan performed the experiments. Chao Kong reviewed and 
analyzed the data. Rufeng Huang wrote the paper. Shibao Lu revised the 
manuscript. All authors reviewed the manuscript. The author(s) read and 
approved the final manuscript.

Funding
The work was supported by the National Natural Science Foundation of China 
(grant number: 82102612).

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available due to data privacy rules but are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethical committee for human sub-
jects of the Xuanwu Hospital of Capital Medical University and was performed 
in accordance with the principles laid down in the current revision of the 
Declaration of Helsinki. Informed consent was obtained from all participants 
included in the study.

Consent for publication
Informed consent was obtained from all subjects for both study participation 
and publication of identifying information/images in an online open-access 
publication.

Competing interests
The authors declare no financial and non-financial competing interests.

Author details
1 Department of Orthopedics, Xuanwu Hospital, Capital Medical University, 
Beijing, China. 2 National Clinical Research Center for Geriatric Diseases, Beijing, 
China. 

Received: 23 June 2022   Accepted: 25 July 2022

References
	1.	 Vos T, et al. Global, regional, and national incidence, prevalence, and 

years lived with disability for 310 diseases and injuries, 1990–2015: a 
systematic analysis for the Global Burden of Disease Study 2015. Lancet. 
2016;388:1545–602. https://​doi.​org/​10.​1016/​s0140-​6736(16)​31678-6.

	2.	 Battie MC, Joshi AB, Gibbons LE, Group, I. D. S. P. Degenerative Disc Dis-
ease: What is in a Name? Spine Phila (Pa 1976). 2019;44:1523–9. https://​
doi.​org/​10.​1097/​BRS.​00000​00000​003103.

	3.	 Endean A, Palmer KT, Coggon D. Potential of magnetic resonance 
imaging findings to refine case definition for mechanical low back pain 
in epidemiological studies: a systematic review. Spine Phila (Pa 1976). 
2011;36:160–9. https://​doi.​org/​10.​1097/​BRS.​0b013​e3181​cd9adb.

	4.	 Barker KL, Shamley DR, Jackson D. Changes in the cross-sectional area of 
multifidus and psoas in patients with unilateral back pain: the relation-
ship to pain and disability. Spine Phila (Pa 1976). 2004;29:E515-519. 
https://​doi.​org/​10.​1097/​01.​brs.​00001​44405.​11661.​eb.

	5.	 Fortin M, Lazary A, Varga PP, Battie MC. Association between paraspinal 
muscle morphology, clinical symptoms and functional status in patients 
with lumbar spinal stenosis. Eur Spine J. 2017;26:2543–51. https://​doi.​org/​
10.​1007/​s00586-​017-​5228-y.

	6.	 Jermy JE, Copley PC, Poon MTC, Demetriades AK. Does pre-operative 
multifidus morphology on MRI predict clinical outcomes in adults 
following surgical treatment for degenerative lumbar spine disease? A 
systematic review. Eur Spine J. 2020;29:1318–27. https://​doi.​org/​10.​1007/​
s00586-​020-​06423-6.

	7.	 Shahidi B, Yoo A, Farnsworth C, Newton PO, Ward SR. Paraspinal muscle 
morphology and composition in adolescent idiopathic scoliosis: A his-
tological analysis. JOR Spine. 2021;4: e1169. https://​doi.​org/​10.​1002/​jsp2.​
1169.

	8.	 Park JS, Park YS, Kim J, Hur J, Choe DH. Sarcopenia and fatty degenera-
tion of paraspinal muscle associated with increased sagittal vertical axis 
in the elderly: a cross-sectional study in 71 female patients. Eur Spine J. 
2020;29:1353–61. https://​doi.​org/​10.​1007/​s00586-​020-​06416-5.

	9.	 Kang S, et al. The Effects of Paraspinal Muscle Volume on Physiological 
Load on the Lumbar Vertebral Column: A Finite-Element Study. Spine 
Phila (Pa 1976). 2021;46:E1015–21. https://​doi.​org/​10.​1097/​BRS.​00000​
00000​004014.

	10.	 Hides JA, Jull GA, Richardson CA. Long-term effects of specific stabiliz-
ing exercises for first-episode low back pain. Spine Phila (Pa 1976). 
2001;26:E243-248. https://​doi.​org/​10.​1097/​00007​632-​20010​6010-​00004.

	11.	 Chen YY, Pao JL, Liaw CK, Hsu WL, Yang RS. Image changes of paraspi-
nal muscles and clinical correlations in patients with unilateral lumbar 
spinal stenosis. Eur Spine J. 2014;23:999–1006. https://​doi.​org/​10.​1007/​
s00586-​013-​3148-z.

	12.	 Murata Y, et al. Longitudinal study of risk factors for decreased cross-
sectional area of psoas major and paraspinal muscle in 1849 individuals. 
Sci Rep. 2021;11:16986. https://​doi.​org/​10.​1038/​s41598-​021-​96448-8.

	13.	 Kim JC, et al. Natural aging course of paraspinal muscle and back 
extensor strength in community-dwelling older adults (sarcopenia of 
spine, SarcoSpine): a prospective cohort study protocol. BMJ Open. 
2019;9:e032443. https://​doi.​org/​10.​1136/​bmjop​en-​2019-​032443.

	14.	 Klupp E, et al. Paraspinal Muscle DTI Metrics Predict Muscle Strength. 
J Magn Reson Imaging. 2019;50:816–23. https://​doi.​org/​10.​1002/​jmri.​
26679.

	15.	 Takayama K, et al. New Predictive Index for Lumbar Paraspinal Muscle 
Degeneration Associated With Aging. Spine Phila (Pa 1976). 2016;41:E84-
90. https://​doi.​org/​10.​1097/​brs.​00000​00000​001154.

	16.	 Parkkola R, Rytökoski U, Kormano M. Magnetic resonance imaging of 
the discs and trunk muscles in patients with chronic low back pain and 
healthy control subjects. Spine Phila (Pa 1976). 1993;18:830–6. https://​doi.​
org/​10.​1097/​00007​632-​19930​6000-​00004.

	17.	 Hu X, et al. New MR-based measures for the evaluation of age-related 
lumbar paraspinal muscle degeneration. Eur Spine J. 2021;30:2577–85. 
https://​doi.​org/​10.​1007/​s00586-​021-​06811-6.

	18.	 Virk S, et al. A Novel Magnetic Resonance Imaging-based Lumbar Muscle 
Grade to Predict Health-related Quality of Life Scores Among Patients 

https://doi.org/10.1016/s0140-6736(16)31678-6
https://doi.org/10.1097/BRS.0000000000003103
https://doi.org/10.1097/BRS.0000000000003103
https://doi.org/10.1097/BRS.0b013e3181cd9adb
https://doi.org/10.1097/01.brs.0000144405.11661.eb
https://doi.org/10.1007/s00586-017-5228-y
https://doi.org/10.1007/s00586-017-5228-y
https://doi.org/10.1007/s00586-020-06423-6
https://doi.org/10.1007/s00586-020-06423-6
https://doi.org/10.1002/jsp2.1169
https://doi.org/10.1002/jsp2.1169
https://doi.org/10.1007/s00586-020-06416-5
https://doi.org/10.1097/BRS.0000000000004014
https://doi.org/10.1097/BRS.0000000000004014
https://doi.org/10.1097/00007632-200106010-00004
https://doi.org/10.1007/s00586-013-3148-z
https://doi.org/10.1007/s00586-013-3148-z
https://doi.org/10.1038/s41598-021-96448-8
https://doi.org/10.1136/bmjopen-2019-032443
https://doi.org/10.1002/jmri.26679
https://doi.org/10.1002/jmri.26679
https://doi.org/10.1097/brs.0000000000001154
https://doi.org/10.1097/00007632-199306000-00004
https://doi.org/10.1097/00007632-199306000-00004
https://doi.org/10.1007/s00586-021-06811-6


Page 9 of 9Huang et al. BMC Musculoskeletal Disorders          (2022) 23:734 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Requiring Surgery. Spine Phila (Pa 1976). 2021;46:259–67. https://​doi.​org/​
10.​1097/​BRS.​00000​00000​003833.

	19.	 Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and 
distribution in 468 men and women aged 18–88 yr. J Appl Physiol. 
2000;1985(89):81–8. https://​doi.​org/​10.​1152/​jappl.​2000.​89.1.​81.

	20.	 Peng X, et al. Age-related fatty infiltration of lumbar paraspinal muscles: a 
normative reference database study in 516 Chinese females. Quant Imag-
ing Med Surg. 2020;10:1590–601. https://​doi.​org/​10.​21037/​qims-​19-​835.

	21.	 Crawford RJ, et al. Age- and Level-Dependence of Fatty Infiltration in 
Lumbar Paravertebral Muscles of Healthy Volunteers. AJNR Am J Neurora-
diol. 2016;37:742–8. https://​doi.​org/​10.​3174/​ajnr.​A4596.

	22.	 Sasaki T, et al. MRI-defined paraspinal muscle morphology in Japanese 
population: The Wakayama Spine Study. PLoS ONE. 2017;12:e0187765. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01877​65.

	23.	 Kim YK, Kang D, Lee I, Kim SY. Differences in the Incidence of Symp-
tomatic Cervical and Lumbar Disc Herniation According to Age, Sex 
and National Health Insurance Eligibility: A Pilot Study on the Disease’s 
Association with Work. Int J Environ Res Public Health. 2018;15(10):2094. 
https://​doi.​org/​10.​3390/​ijerp​h1510​2094.

	24.	 Goubert D, et al. Lumbar muscle structure and function in chronic versus 
recurrent low back pain: a cross-sectional study. Spine J. 2017;17:1285–96. 
https://​doi.​org/​10.​1016/j.​spinee.​2017.​04.​025.

	25.	 Hodges PW, Bailey JF, Fortin M, Battie MC. Paraspinal muscle imaging 
measurements for common spinal disorders: review and consensus-
based recommendations from the ISSLS degenerative spinal pheno-
types group. Eur Spine J. 2021;30:3428–41. https://​doi.​org/​10.​1007/​
s00586-​021-​06990-2.

	26.	 Teichtahl AJ, et al. Fat infiltration of paraspinal muscles is associated with 
low back pain, disability, and structural abnormalities in community-
based adults. Spine J. 2015;15:1593–601. https://​doi.​org/​10.​1016/j.​spinee.​
2015.​03.​039.

	27.	 Fortin M, Macedo LG. Multifidus and paraspinal muscle group cross-
sectional areas of patients with low back pain and control patients: a 
systematic review with a focus on blinding. Phys Ther. 2013;93:873–88. 
https://​doi.​org/​10.​2522/​ptj.​20120​457.

	28.	 Kalichman L, Hodges P, Li L, Guermazi A, Hunter DJ. Changes in paraspinal 
muscles and their association with low back pain and spinal degenera-
tion: CT study. Eur Spine J. 2010;19:1136–44. https://​doi.​org/​10.​1007/​
s00586-​009-​1257-5.

	29.	 Agten A, Stevens S, Verbrugghe J, Timmermans A, Vandenabeele F. Biopsy 
samples from the erector spinae of persons with nonspecific chronic 
low back pain display a decrease in glycolytic muscle fibers. Spine J. 
2020;20:199–206. https://​doi.​org/​10.​1016/j.​spinee.​2019.​09.​023.

	30.	 Paalanne N, et al. Assessment of association between low back pain and 
paraspinal muscle atrophy using opposed-phase magnetic resonance 
imaging: a population-based study among young adults. Spine (Phila Pa 
1976). 2011;36:1961–8. https://​doi.​org/​10.​1097/​BRS.​0b013​e3181​fef890.

	31.	 D’Hooge R, et al. Increased intramuscular fatty infiltration without 
differences in lumbar muscle cross-sectional area during remission of 
unilateral recurrent low back pain. Man Ther. 2012;17:584–8. https://​doi.​
org/​10.​1016/j.​math.​2012.​06.​007.

	32.	 Cuellar WA, et al. The assessment of abdominal and multifidus muscles 
and their role in physical function in older adults: a systematic review. 
Physiotherapy. 2017;103:21–39. https://​doi.​org/​10.​1016/j.​physio.​2016.​06.​
001.

	33.	 Kalichman L, Carmeli E, Been E. The Association between Imaging Param-
eters of the Paraspinal Muscles, Spinal Degeneration, and Low Back Pain. 
Biomed Res Int. 2017;2017:2562957. https://​doi.​org/​10.​1155/​2017/​25629​
57.

	34.	 Ranger TA, et al. Are the size and composition of the paraspinal 
muscles associated with low back pain? A systematic review. Spine J. 
2017;17:1729–48. https://​doi.​org/​10.​1016/j.​spinee.​2017.​07.​002.

	35.	 Noonan AM, Brown SHM. Paraspinal muscle pathophysiology associated 
with low back pain and spine degenerative disorders. JOR Spine. 2021;4: 
e1171. https://​doi.​org/​10.​1002/​jsp2.​1171.

	36.	 Haig AJ. Clinical experience with paraspinal mapping. I: Neurophysiol-
ogy of the paraspinal muscles in various spinal disorders. Arch Phys 
Med Rehabil. 1997;78:1177–84. https://​doi.​org/​10.​1016/​s0003-​9993(97)​
90328-2.

	37.	 Haig AJ, et al. The sensitivity and specificity of electrodiagnostic testing 
for the clinical syndrome of lumbar spinal stenosis. Spine (Phila Pa 1976). 

2005;1976(30):2667–76. https://​doi.​org/​10.​1097/​01.​brs.​00001​88400.​
11490.​5f.

	38.	 Yoshihara K, Shirai Y, Nakayama Y, Uesaka S. Histochemical changes in the 
multifidus muscle in patients with lumbar intervertebral disc herniation. 
Spine (Phila Pa 1976). 2001;26:622–6. https://​doi.​org/​10.​1097/​00007​632-​
20010​3150-​00012.

	39.	 Hides JA, et al. Magnetic resonance imaging assessment of trunk muscles 
during prolonged bed rest. Spine (Phila Pa 1976). 2007;32:1687–92. 
https://​doi.​org/​10.​1097/​BRS.​0b013​e3180​74c386.

	40.	 Bailey JF, et al. From the international space station to the clinic: how 
prolonged unloading may disrupt lumbar spine stability. Spine J. 
2018;18:7–14. https://​doi.​org/​10.​1016/j.​spinee.​2017.​08.​261.

	41.	 James G, et al. Macrophage polarization contributes to local inflamma-
tion and structural change in the multifidus muscle after intervertebral 
disc injury. Eur Spine J. 2018;27:1744–56. https://​doi.​org/​10.​1007/​
s00586-​018-​5652-7.

	42.	 Leng J, Han G, Zeng Y, Chen Z, Li W. The Effect of Paraspinal Muscle 
Degeneration on Distal Pedicle Screw Loosening Following Correc-
tive Surgery for Degenerative Lumbar Scoliosis. Spine (Phila Pa 1976). 
2020;45:590–8. https://​doi.​org/​10.​1097/​BRS.​00000​00000​003336.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1097/BRS.0000000000003833
https://doi.org/10.1097/BRS.0000000000003833
https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.21037/qims-19-835
https://doi.org/10.3174/ajnr.A4596
https://doi.org/10.1371/journal.pone.0187765
https://doi.org/10.3390/ijerph15102094
https://doi.org/10.1016/j.spinee.2017.04.025
https://doi.org/10.1007/s00586-021-06990-2
https://doi.org/10.1007/s00586-021-06990-2
https://doi.org/10.1016/j.spinee.2015.03.039
https://doi.org/10.1016/j.spinee.2015.03.039
https://doi.org/10.2522/ptj.20120457
https://doi.org/10.1007/s00586-009-1257-5
https://doi.org/10.1007/s00586-009-1257-5
https://doi.org/10.1016/j.spinee.2019.09.023
https://doi.org/10.1097/BRS.0b013e3181fef890
https://doi.org/10.1016/j.math.2012.06.007
https://doi.org/10.1016/j.math.2012.06.007
https://doi.org/10.1016/j.physio.2016.06.001
https://doi.org/10.1016/j.physio.2016.06.001
https://doi.org/10.1155/2017/2562957
https://doi.org/10.1155/2017/2562957
https://doi.org/10.1016/j.spinee.2017.07.002
https://doi.org/10.1002/jsp2.1171
https://doi.org/10.1016/s0003-9993(97)90328-2
https://doi.org/10.1016/s0003-9993(97)90328-2
https://doi.org/10.1097/01.brs.0000188400.11490.5f
https://doi.org/10.1097/01.brs.0000188400.11490.5f
https://doi.org/10.1097/00007632-200103150-00012
https://doi.org/10.1097/00007632-200103150-00012
https://doi.org/10.1097/BRS.0b013e318074c386
https://doi.org/10.1016/j.spinee.2017.08.261
https://doi.org/10.1007/s00586-018-5652-7
https://doi.org/10.1007/s00586-018-5652-7
https://doi.org/10.1097/BRS.0000000000003336

	Age- and sex-dependent differences in the morphology and composition of paraspinal muscles between subjects with and without lumbar degenerative diseases
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Participants
	Magnetic resonance imaging
	Paraspinal muscle parameters
	Statistical analysis

	Results
	The baseline characteristics of LDD patients and asymptomatic
	The differences in the CSA and FI % of the paraspinal muscles among the different age strata and sex in the LDD and asymptomatic groups
	The differences in the CSA and FI % of the paraspinal muscles between LDD and asymptomatic groups in different strata and sex
	Results from multivariable regression models of the effect of demographic parameters and LDD on paraspinal muscles fatty infiltration.

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


